
CONGRESS PROCEEDINGS
VOLUME II

Joint XXIV International Grassland and XI International Rangeland 
Virtual Congress Kenya 2021

Held on 25th - 29th October 2021





i

CONGRESS PROCEEDINGS
VOLUME II 

Joint XXIV International Grassland and XI International Rangeland 
Virtual Congress Kenya  2021

Sustainable Use of Grassland and Rangeland Resources for Improved 
Livelihoods



ii

JOINT XXIV INTERNATIONAL GRASSLAND AND XI INTERNATIONAL RANGELAND 
VIRTUAL CONGRESS KENYA 2021
Congress Poster Proceedings
Published by:
Kenya Agricultural and Livestock Research Organization
Compiled and Edited by: 

Dr. Joseph G. Mureithi
Prof. Moses M. Nyangito
Dr. Jane W. Wamuongo
Prof. Jesse Njoka
Dr. Elkana M. Nyambati
Dr. David Miano
Dr. Samuel Mbuku
Dr. Michael Okoti
Ms. Florida Maritim
Assisted by, 
Prof. Dana Kelly, President of International Continuing Committee of the International Rangeland 
Congress, and Prof. Ray Smith, Chair of International Continuing Committee of the International 
Grassland Congress, and by Jordyn Bush and Adrian Hofrom of the University of Kentucky. 

Design and Layout: 
Ms Emma Nyaola
Mr. Stephen Odipo
Mr. Henry Wanyama
Mr. Richard Kedemi
Mr. Nathan Maweu
Ms. Primrose Nabwire

Photography: 
Mr. Stephen Odipo

Copyright
All rights reserved. Reproduction and dissemination of material in this proceeding for training or other 
non-commercial purposes are authorized without any prior written permission from the copyright 
holders provided the source is fully acknowledged. 

Reproduction of material in this proceeding for resale or other commercial purposes is prohibited without 
written permission of the copyright holders. Applications for such permission should be addressed to:

Director General 
Kenya Agricultural and Livestock Research Organization 
Kaptagat Road, Loresho 
P.O. Box 57811 
Nairobi. 

Citation: KALRO 2022 : Mureithi J.G., Nyangito M.M., Wamuongo J.W. Njoka J., Nyambati E.M., 
Miano D., Mbuku S., Okoti M., Martim F. (eds.).  Sustainable Use of Grassland and Rangeland Re-
sources for Improved Livelihoods. Proceedings of the Virtual Joint XXIV International Grassland and 
XI International Rangeland Congress – Poster Papers, held in October 25-29, 2021, Nairobi, Kenya. 
Kenya Agricultural and Livestock Research Organization (KALRO) 2022.

ISBN: 978-9966-30-094-2



iii

SPONSORS

iii



iv

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

CONGRESS POSTER PROCEEDINGS

Organized by:

JOINT XXIV INTERNATIONAL GRASSLAND AND XI INTERNATIONAL RANGELAND VIRTUAL CONGRESS 

KENYA 2021

iv



v

PREFACE

The International Grassland and Rangeland Congresses promotes interchange of information on 
all aspects of rangeland and grassland ecosystem for the benefit of mankind, including sustained 
development, food production and the maintenance of biodiversity. Meeting after every four years, 
the congresses provide forums for stakeholders – professionals and practitioners - to get together to 
share views on issues relevant to rangeland and grassland resources. Therefore, every one of these 
congress - International Grassland and Rangeland Congress - focuses on a major contemporary issue or 
sets of issues which, in the views of the Continuing Committees working with host country organizers, 
require attention. These may be new technologies or approaches, emerging challenges, seeking ways 
of addressing the associated challenges while harnessing the opportunities, controversial issues with 
implications for sustainable utilization of rangeland and grassland ecosystem that require rational 
conversation, or global trends which may have consequences for utilization of rangeland and grasslands.
The Joint 24th International Grassland Congress (IGC) and the 11th International Rangeland Congress 
(IRC), was held virtually and hosted by Kenya in October 25-29, 2021. The joint congress focused 
on examining utilization of rangeland and grassland resources for improved livelihoods delivered 
through seven carefully identified sub-themes with a balance between the people, social, policy and 
the more traditional topics. The hosting of the first-ever joint congress in Africa was significant, as 
this region offers diverse and unique tropical savannah ecosystems, which are home to some of the 
most economically important grasses in the world and mesmerizing wildlife. The momentous event 
highlighted high tech (including ICT) technologies and enabled the scientific community and practitioners 
to deliberate on various advances made in the field of grassland and rangeland science and management. 
The key thematic areas were grassland/ rangeland ecology; forage production and utilization; livestock 
production systems; wildlife, tourism and multi-facets of rangelands/grasslands; drought management 
and climate change; pastoralism, social, gender and policy issues; and capacity building, institutions and 
innovations for sustainable development in rangelands and grasslands.

The Congress was organized by the Government of Kenya through the Ministry of Agriculture, 
Livestock, Fisheries and Cooperatives (MALFC), in conjunction with the Animal Production Society 
of Kenya (APSK) and the Kenya Agricultural and Livestock Research Organization (KALRO). The 
Congress was to be held in October 2020 but due to the global COVID-19 pandemic, it was rescheduled 
to October 2021 with the hope this situation will have improved. However, due to the persistence of 
pandemic globally, a decision was made to deliver a virtual congress.

The organizational arrangements for the joint IGC-IRC Kenya 2021 were coordinated by a National 
Organizing Committee (NOC), comprising of members from (MALFC, APSK, KALRO, University of 
Nairobi, International Livestock Research Institute (ILRI), International Centre for Tropical Agriculture 
(CIAT), Intergovernmental Authority on Development (IGAD), International Union on Conservation of 
Nature (IUCN) and the Kenya’s Ministry of Interior and Coordination of National Government and other 
stakeholders involved in the development and management of Grasslands and rangelands in Kenya.  The 
NOC worked in consultation with the International Grassland Continuing Committee and International 
Rangeland Continuing Committee that usually manages the affairs of the IGC and IRC between different 
congresses. 

The congress NOC Secretariat used an online platform to handle abstract and paper submissions and 
reviews as well as maintain efficient communications with authors and keynote speakers. The papers 
were subjected to a review process before they were accepted for presentation at the plenary or as 
posters. A virtual congress platform was used to host the congress. A total of seven invited plenary 
Keynotes, 173 papers were accepted for oral presentation and 217 as posters through the virtual 
platform. Sixteen virtual exhibitions were also displayed. The oral papers were presented in 6 concurrent 
sessions, comprising of 45 sessions each dealing with a particular aspect of grasslands and rangelands. 
The total delegates who attended the congress online were 675 (35% female and 65% male) from 66 
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countries.  The attendance was spread across 11 regions: (i) Africa (246), (ii) Europe (84), (ii) North 
America (78), (iv) South America (45), (v) South Asia (39), (vi) Oceania (33), (vii) East Asia (30), 
(viii) Mediterranean (23), (ix) Northern Eurasia (16), (x) Middle East (14), and (xi) Central America 
and Caribbean (14). There were excellent online discussions and people followed the congress through 
social media platforms including You-Tube. Through the virtual platform, many new friendships were 
made, old ones strengthened/renewed, and collaborations born.

The representation was diverse and encouraging. We would like to express our gratitude to the sponsors, 
reviewers of abstracts and papers and technical partners of the joint congress. Special thanks are due 
to the government of the Republic of Kenya which was a major sponsor and host of the congress, 
presenters and authors of papers and posters, our colleagues on the NOC and subsidiary sub-committees, 
institutions, groups and individuals who assisted in one way or the other, and the esteemed congress 
participants.

After the Congress, the papers were then subjected to light technical reviews and language editing, thus 
ensuring that intellectual content remains that of the authors.
The proceeding contains the papers that were presented as oral presentations and posters. The document 
will be a good reference for use by scientists, policy makers and practitioners to promote the interchange 
of scientific and technical information on all aspects for the development of grasslands and rangelands 
globally.

Harry Kimtai, CBS
Principal Secretary, 
State Department for Livestock,
Ministry of Agriculture, Livestock, Fisheries and Cooperatives
The Chairman, National Organizing Committee (NOC) of the Joint International Rangeland and 
Grassland Congress
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KEY MESSAGE / OUTPUTS
1. The International Rangeland and Grassland virtual congress platform opened an excellent opportunity 

for budding scientists and practitioners, and established inclusivity paths. The platform offered more 
flexible participation options and new opportunities for early-career scientists to engage, network, 
form research collaborations, exchange cutting-edge ideas and results. The young scientists also 
had the chance to explore new fields with rangeland and grassland luminaries from across the world 
to sufficient scale without the need for travel, thereby significantly reducing associated cost and 
time. The formatting of online congress allowed a more effortless transfer of information, especially 
considering the ease of recording and accessing all of the information, questions and participants 
within the (concurrent) sessions. As a result, the problem of choosing between parallel presentation 
tracks is becoming non-existent.

2. Rangeland and Grassland are an essential part of the complex and diverse livestock production and 
biodiversity conservation systems necessary for sustainable human development and global climate 
regulation mechanisms. These ecosystems that constitute over 50% of earth drylands provide 
significant opportunities for investment in sustainable development goals whose vision is to create 
a better, fairer world by 2030. But some serious challenges and threats must be addressed. We must 
harvest the diversity that exists and engage more widely with all key stakeholders.

3. The Congress recognized the critical role of pastoralism as one of the most sustainable production 
systems worldwide that play a significant role in safeguarding ecosystem services and biodiversity 
in rangelands. In addition, the unique biological and cultural diversity of rangelands and grasslands 
ecosystems contributes to goods, services, and knowledge that benefit humans beyond the herding 
communities. However, the current data on grassland, forestry, agriculture and livestock are 
insufficient for informing policymaking on rangeland-based livestock systems. There is urgent need 
to populate sufficient data at scale to inform policy and investment options for the rangelands and 
grasslands systems. Only enabling technologies, policies, investments, and institutions will ensure 
that Africa’s rangeland and grassland ecosystems transition to help, not to hurt

4. There is need for a paradigm shift towards sustainable pastoralism and sustainable use, conservation, 
and restoration of rangelands and grasslands. The concept of ‘’sustainable land management’’ 
in a rangeland/grassland context should begin with establishing appropriate institutions and be 
accompanied by behavioural change. This recognizes that the integrity and sustainable use of land 
resources and water are inextricably linked to functional traditional, local and other institutions.

5. Improving the information base is high on the agenda of the ongoing initiative to designate 2026 
as an International Year of Rangelands and Pastoralists (IYRP) to raise global awareness of the 
importance of rangelands and pastoralists for livelihoods and healthy ecosystems. Countries 
worldwide are encouraged to put forward an Action Statement for the next decade to ensure a 
sustainable future for rangelands/ grasslands and pastoralists. This will include launching actions 
by partners and partnerships at global, regional and national levels to change policies and increase 
development resources and political commitments.

6. To sustain the global network of experts working in rangeland and grassland ecosystems, the Kenya 
experts resolved to create the Rangeland and Grassland Association of Kenya. The new association 
is expected to follow up on the Congress deliberations and momentum created by the Joint 24th 
International Grasslands and 11th International Rangelands Congress (IGC/IRC). The Rangeland 
and Grassland Association of Kenya will bring together researchers, professionals, practitioners 
and resource users to address the challenges facing grasslands and rangelands in Kenya and the 
IGAD region. In addition, this body is to unify, stimulate and foster focus and interest on grasslands 
and rangelands for their development to play the rightful role in national and regional economic 
development.
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7. The international participants missed opportunity for a face-to-face interaction besides the huge 
dividends accrued from the virtual meeting. Technology, while incredibly useful, can often be bound 
to certain constraints and unforeseen circumstances which in-person events can more easily adapt 
to. In the same breadth, there was no opportunity during the virtual congress to take someone aside 
for a “hallway conversation.” There were often threads of a particular topic of interest that needed to 
be discussed further with presenters informally. This is one of the many benefits of in-person social 
interactions that are missing in the world right now. Additionally, Kenya could not sufficiently show 
case the very rich cultural and natural heritage.
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OPENING SPEECHES

SPEECH BY THE HON. PETER G. MUNYA, CABINET SECRETARY, MINISTRY OF 
AGRICULTURE, LIVESTOCK, FISHERIES AND COOPERATIVE (KENYA) DURING THE 
OFFICIAL OPENNING OF THE JOINT 24TH INTERNATIONAL GRASSLAND CONGRESS 

AND 11TH INTERNATIONAL RANGELAND CONGRESS, KENYA 2021

The Chairman, Continuing Committee of the International Grassland Congress
The President, Continuing Committee of the International Rangeland Congress
The Chief Administrative Secretaries, present
The Principal Secretaries, present
The Chairman, Animal Production Society of Kenya 
Distinguished Participants
Distinguished Guests, Practitioners Pastoralists and farmers Ladies and Gentlemen,

It gives me great pleasure to participate in this auspicious occasion of the opening of the Joint International 
Grasslands and Rangelands Congress, Kenya 2021. I am informed this is the 24th International Grassland 
Congress and the 11th International Grassland Congress. Although the two congresses have been held 
for many years, with International Grassland Congress having a history of 100 years, I am informed that 
this is the first such joint congress in Africa, and the first virtual congress for both IGC and IRC. I want 
to take this early opportunity to thank the IGC and IRC continuing committees for the decision to hold 
this first joint meeting in Africa, here in Nairobi, Kenya.

Ladies and Gentlemen
The theme of the conference is ‘Sustainable Use of Grassland/Rangeland Resources for Improved 
Livelihoods’. This theme is very appropriate at this time in the history of mankind when we have 
challenges ranging from climate change to Covid-19 pandemic.

I am informed that the Congress is organized under seven thematic areas of rangelands and grasslands 
research and development, with a good balance between the people, social, policy and more traditional 
topics. I am also informed that the congress will cover 40 sessions each dealing with a particular aspect 
of grasslands and rangelands. This is very high concentration of information that should definitely be 
useful in managing grasslands and rangelands going forward.

Ladies and Gentlemen
The importance of grasslands and rangelands to the economy of Kenya and indeed for the Horn of 
Africa cannot be over emphasized. In Kenya the rangelands cover over 83% of the land mass and are 
home to 70% of the livestock and 83% of the wildlife. Over 10 million people derive their livelihoods 
from the existing natural resource in these areas. Due to the importance of grasslands and Rangelands, 
my Ministry has developed the Range Management and Pastoralism Strategy 2021-2031. The Strategy 
provides deliberate direction towards the realization of sustainable development of the rangelands in 
Kenya, recognizing the need for climate change adaptation and mitigation for better livelihoods, which 
is part of Kenya’s obligation as a signatory to the United Nations Framework Convention on Climate 
Change. The strategy has clear objectives of reducing land degradation, restoring degraded areas, while 
increasing land productivity; sustainably exploring the existing natural resources, development and 
adoption of appropriate technologies; support enterprise development and marketing of products; and 
promotion of other sustainable livelihoods in the rangelands besides livestock production. This is also 
articulated through, the Kenya’s Vision 2030, the Presidential Big Four Agenda and the Agricultural 
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Sector Growth and Transformation Strategy 2019-2029, which all identified agriculture as one of the 
key sectors to deliver the economic growth rate envisaged in our development plan.

Ladies and Gentlemen
My Ministry recognizes the role of agricultural research and understands that the success of the sector 
is attributable to agricultural research and development initiatives over the years. I am glad that the 
Joint International Grassland and Rangeland Congress brings together scientists, policy makers and 
practitioners to promote the interchange of scientific and technical information on all aspects of grasslands 
and rangelands: including ecology; forage production and utilization; livestock production systems; 
wildlife, tourism and multi-facets of grassland and rangeland; drought management and climate change 
in rangelands; pastoralism, social, gender and policy issues, and capacity, institutions and innovations 
for sustainable development. I hope this scientific and technical information will be used to improve the 
productivity of the grasslands and rangelands globally - including Kenya and the Horn of Africa. 

Ladies and Gentlemen
Allow me to turn to climate change issues. The productivity of the grasslands and rangelands has been 
under threat in the recent decades due to various factors. These include climate change and variability 
especially frequent droughts, fires and floods; land degradation and loss of biodiversity. These have 
threatened the sustainability of rangeland resources and created economic and environmental challenges 
that need urgent attention to safeguard the well-being of the communities especially the pastoralists. 
Urgent measures and interventions are therefore required to protect the grasslands and rangelands 
resources and enhance their sustainable utilization.

Kenya and indeed the Horn of Africa countries are currently facing a major drought that is threating the 
productive assets of the pastoralists, their livestock. I recently declared the current drought a national 
disaster to enable the country mobilize resources to protect the livelihoods of the people living mainly 
in the arid and semi-arid grasslands and rangelands of Kenya.

My Ministry recognizes the threat climate change poses to sustainable development and is actively 
integrating climate change information into national policies. In this regard, Kenya launched its 
National Climate Change Response Strategy in 2010. The focus of the strategy is to enable Kenya 
reduce vulnerability to climate change and to improve the country’s response to climate change.
Kenya is also a signatory to the UN Framework Convention on Climate Change and the Kyoto Protocol. 

Kenya signed and ratified the Paris Agreement and the country has been an active participant in the 
Conference of Parties. Kenya has also ratified the United Nation Convention to Combat Desertification 
which is the sole legally binding international agreement linking environment and development to 
sustainable land management.

While the United Nations Convention to Combat Desertification address the reduction of land 
degradation; enhanced land productivity; sustainable utilization of the natural resources; development, 
adoption  of appropriate technologies; support enterprises  development, marketing of products; and 
promotion of other sustainable livelihoods in the rangelands besides livestock production, the Kenyan 
Strategy and Action plan is our commitments towards halting and reversing land degradation, restoring 
degraded ecosystems and sustainably managing our land resources. The major focus of these national 
strategies and action plans is mainly addressing the grassland and rangeland ecosystems that constitute 
over 80% of Kenya's landmass.

Ladies and gentlemen
Kenya is committed to ending drought emergencies and my Ministry has developed the National Drought 
Management Strategy which aims to building the resilience of the communities living in the rangelands 
of Kenya. Through Ending Drought Emergency Strategy, my Ministry has set out a system that will help 
us respond to drought emergencies in good time to prevent human suffering and death and also to protect 
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the productive assets of our livestock keepers. In this regard, my Ministry has set aside funds that can be 
mobilized quickly whenever we have a drought emergency. In addition to this, my Ministry has piloted 
and is now together with the private sector is implementing index based livestock insurance scheme to 
protect pastoralist livestock.

I am glad to note that the congress gives attention to climate change issues and has a theme on drought 
and climate change. I hope the papers presented under this theme will underscore the urgency for all of 
us to unite in addressing climate change issues globally.

Ladies and Gentlemen
I take this opportunity to thank the organizers for electing to hold this congress in Nairobi and also 
underscore the efforts put in to make sure the congress is successful considering the challenges caused 
by the Covid-19 global pandemic. I am informed that during normal times, the congress is attended by 
at least 1,200 delegates. It would have been my wish and pleasure to have you all physically in Kenya 
as you share your knowledge and experiences on matters grasslands and rangelands, and to appreciate 
Kenya’s landscape.

Although you are holding a virtual meeting due to the Covid-19 pandemic, I want to take this opportunity 
to welcome you all to Kenya. Whenever you can please come and enjoy our world class hospitality, 
wonderful and unique wildlife, and our cultures.

Lastly, I congratulate the organizers for organizing this great congress and putting together world class 
keynote speakers to address important issues that affect grasslands and rangelands globally.

It is now my pleasure to declare the Joint 24th International Grassland and 11th International Rangeland 
Congress 2021, officially open.

THANK YOU VERY MUCH AND GOD BLESS YOU.
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OPENING REMARKS BY PROF. HAMADI BOGA, EBS, CGH, PRINCIPAL SECRETARY (PS), 
STATE DEPARTMENT FOR CROP DEVELOPMENT AND AGRICULTURAL RESEARCH, 
MINISTRY OF AGRICULTURE, LIVESTOCK FISHERIES AND COOPERATIVES, NAIROBI, 

KENYA

Chief Administrative Secretary, Ministry of Agriculture Livestock Fisheries and Cooperatives, State 
Department for Livestock, Lawrence Omuhaka
Principal Secretary, State Department for Livestock, Harry Kimtai
Director General, KALRO, Dr. Eliud Kireger 
President, International Rangelands Congress, Prof. Dana Kelly  
Chairperson, International Grasslands Congress, Prof. Ray Smith

Ladies and Gentlemen
Agriculture is essential for sub-Saharan Africa’s growth and for achieving the sustainable development 
goals particularly ending hunger, achieving food security, improving nutrition and reducing poverty. 
The Agricultural Sector Transformation and Growth Strategy 2019 -2029 (ASTGS) addresses the 
challenges in the agricultural sector and recognizes that the sector can contribute significantly to the 10 
percent annual economic growth that is envisaged under the economic pillar of Vision 2030. Presently, 
however, agricultural production is negatively affected by constraints and changing factors that include: 
unsustainable land and environment management practices.  The Government of Kenya recognizes 
the important role agricultural technology development and application can play in transforming and 
modernizing agriculture. Adoption of agricultural technologies and innovations can lead to increased 
productivity and quality along agricultural value chains. The department particularly wants to associate 
with The International Rangelands Congress and Grasslands Congress with an aim of; 

• Bringing to the fore the role of public and private partnerships in improving grassland/ 
              rangeland  resources and their derived livelihoods, particularly for pastoral people; and 
• Enhancing sustainability of grasslands and rangelands against adverse climate change.

Our direct equivalence to the two objectives, the ministry is implementing Kenya Climate Smart 
Agriculture Project (KCSAP), which among other areas, supports collaborative research programs 
to develop technologies, innovations and management practices for climate smart crops, livestock, 
aquaculture, land, water, agro-forestry, sustainable bio-energy and socio-economic research. The 
objectives are in the three wins: increased productivity, incomes and reduced Green House Gases (GHG). 
Implementation of this project is multi-sectoral, bringing communities, county extension service and 
research along specific value chains, identified by counties as priority areas. Specific projects already 
supported under the project are: Pigeon-pea technologies, innovations, management practices for 
enhancing productivity, food and nutrition security of smallholder communities in Kenya; Digital Dairy 
– ICT advisory to realize the forage triple win Validate and promote grass based diets for low enteric 
methane emissions for finishing steers, Evaluating input and output market systems for CSA finger 
millet in various Counties in Kenya among others. 

Ladies and Gentlemen
National Agricultural Research System (NARS) Policy 2012 was formulated for the sector and has 
been implemented since 2013. Other legal instruments for agricultural research include, Technology 
and Innovation Act 2013; the Kenya Agricultural and Livestock Research (KALR) Act 2013; as well 
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as the Universities Act of 2012. The National Agricultural Research System Policy is under review and 
seeks to streamline, rationalize and put in place a system that is consultative, efficient and effective and 
one that takes into account economies of scale to not only use the current scientific, human and physical 
capacities but also position Kenya as a hub for agricultural research, innovations and knowledge base 
in the region. 

Within these broad priorities there were two priority research programs, namely, conservation of 
resources, which includes national soil/water management, farming systems research in dry land areas, 
livestock systems in pastoral areas and the generation and application of improved technologies in 
major agricultural zones. The second one was on crop and livestock research. This included breeding of 
improved varieties of major crops and vegetables and breeds of livestock, animal nutrition and veterinary 
research in areas of epidemic diseases and parasites.

It is expected that the reform process prompted by the policy will be harmonized and mainstreamed into 
the transformational processes that are taking place in the fields of agricultural education, training and 
extension, as well as in other scientific fields for the realization of the Government’s Big Four agenda 
on 100% food and nutrition security, and the Agricultural Sector Transformation and Growth Strategy 
(ASTGS), 2019 - 2029.

Despite past and ongoing initiatives, the East Africa region lacks strong policies to support implementation 
of the necessary climate change adaptation strategies so far researched. Some of the existing policies 
and frameworks, such as the East African Community Climate Change Policy (EACCCP), are not yet 
felt at the grassroots. 

Ladies and Gentlemen
Crop-livestock integration one of management strategies that contributes to nutrient cycling that leads to 
sustainable productions systems.  Vast amounts of crop residues available after grain harvesting become 
an important source of livestock feed especially during the dry seasons, while manure from livestock 
form organic fertilizer for crop production. It is common to see these crop residues being transported 
to grasslands and even rangelands for livestock feeding during drought.  Manure is in turn transported 
from grasslands and rangelands to improve soil fertility and structure in crop lands. This system when 
managed efficiently can contribute significantly to sustainable grassland and rangeland productivity.  It 
is my hope and believe that during this joint Congress information sharing on crop-livestock integration 
shall be explored for overall Agricultural productivity and improved livelihood. 

I wish to take this opportunity to wish all delegates fruitful deliberations and say, we look forward to 
your input into our research programs and policies that shall make global agriculture responsive to the 
theme:  ‘Sustainable use of the Grasslands and Rangelands for Improved Livelihoods’. 

THANK YOU 
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OPENING SPEECH BY DANA KELLY, PRESIDENT OF THE INTERNATIONAL 
RANGELANDS CONTINUING COMMITTEE

Welcome to the Joint International Grassland & International Rangelands Congress, hosted by Kenya. 
This is the first time there has been a joint international Grassland & Rangeland Congress in Africa. 
So, this congress is a significant moment in the history for both our organisations (the International 
Rangelands Continuing Committee and the International Grasslands Continuing Committee).

Rangelands and grasslands are important to the world, as these regions cover about half of the earth’s 
land surface area. We have rangelands and grasslands across the world: in much of Africa, in the Arctic, 
Australasia, Central Asia and Mongolia, eastern and southern Asia, the Middle East, North America, 
South American, the Caribbean, and even in Europe.

The health of these landscapes are critical to the wellbeing of more than 500 million people, some of 
the most marginalised people’s of the world. Pastoralists and others who derive their livelihoods from 
rangelands are both users and stewards of the land. Their stewardship is critical for building resilient 
economies, achieving food and water security, and improving environmental conditions. In Africa, 
rangelands and grasslands occupy almost half of the continents inhabited surface, and are home to 40 
per cent of continent’s population. These regions support an estimated 50 million pastoralists and up to 
200 million agropastoralists. However, many forces threaten the productivity and ecological integrity of 
these lands and their caretakers. 

Rangeland degradation world-wide is a significant issue. Misunderstanding of rangelands is 
widespread; a common conception is that these lands are wastelands with little value, which need 
to be repaired, improved, or developed. This problematic notion of rangelands informs policies 
which are implemented in rangeland regions in many countries. The lack of understanding about 
complexities and regional nuances in rangeland means that the pastoralists who live here, have 
ended up as some of most marginalised and disadvantaged people in the world. 

One initiative that will help overcome this lack of understanding is the proposal for an International 
Year of Rangelands and Pastoralists (IYRP), which has been proposal by Mongolian Government. 
While economic, social and institutional issues of rangelands are beginning to be recognised in some 
parts of the world, rangelands and pastoralists are often not a major consideration in government policy 
around the world. The proposed International Year of Rangelands and Pastoralists is an opportunity to 
promote messages about the importance of pastoralists. 

The United Nations decision about whether or not an IYRP will happen, is likely to occur later this year.  
Please use your networks to encourage the government in your countries to support the IYRP – not only 
the Departments of Agriculture, also Departments for the Environment, forests and range management, 
and Departments of Foreign Affairs. Many of you may have contacts in pastoralists organisations, 
scientific and research organisations – all of these organisations can write and support the IYRP. 

I would like to call on people around the world to step up. We need individual, communities, organisations 
and governments to support an IYRP.

This Congress will also increase our understanding of rangelands and grasslands. It is appropriate 
that this Congress is in Kenya – rangelands and grasslands are particularly important here, comprising 
80% of this beautiful country, and are home to about 10 million people. These regions support 70% of 
the national livestock population and 90% of the wildlife, which is key to the tourism industry. There is 
a strong history of scientific research. 

The Kenyans are bringing us a very exciting Program! The theme of the Congress is “Sustainable Use 
of Grassland and Rangeland Resources for Improved Livelihoods”, which is particularly topical at the 
moment. Much of Kenya is currently facing drought as the short rains are late, on top of previous dry 
seasons. Other countries in East Africa are in a similar position, with a La Nina weather pattern causing 
low rainfall. Government policies and funding are needed to support pastoralists in the short term, and 
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strategies are needed to improve livelihoods in the rangelands in the longer term. 

One of the seven themes at this Congress focuses on “Drought management and climate change”. 
Other themes focus on livestock, forage production as well as social and institutional issues. At this 
congress, the combined “people” related themes have one the largest number of papers (with about 60 
papers). Ecological aspects of rangelands and grasslands also feature strongly (with about 40 papers). 
The balance of disciplines represented in presentations has changed over the years. The focus is more 
interdisciplinary, with a wider scope of topics now than 10 years ago. 

The presentations, panel sessions and videos provide insights from both scientist’s perspectives, and 
importantly, insights from pastoralist’s perspectives. I am delighted that we have pastoralists from rural 
Kenya talking in Plenary sessions. It is not common that pastoralists present their views at an international 
rangelands and grassland congress. We tend to hear more from scientists at these congresses, yet it is vital 
that we hear from the people who actually manage our rangelands and grasslands. Congratulations to 
the organising committees for bringing us these different perspectives about rangelands and grasslands. 

This congress is all virtual, another first for both the IGC and IRC. We all certainly wish we were able to 
meet face-to-face. We appreciate the time zone challenges of the online format; and thank those of you 
who are getting up very early or staying up very late. One of the benefits is that this format does allow 
people from remote villages to join in, some of these people would not be able to attend an international 
congress in person.

Welcome to all of you, to people from all over the world. I hope that you enjoy the exchange of ideas 
and find something of particular interest to you in this excellent program!
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    XXIV IGC BUSINESS MEETING MINUTES – ALL VIRTUAL MEETING

OCTOBER 27 2021 FROM 2:15 TO 3:45PM IN KENYA

Item
Opening Comments

•	 Dr Ray Smith thanked attendees at the IGC Business Meeting and acknowledged the 
tremendous efforts of the Kenyan National Organising committee in organising this 
congress.

•	 The congress in Kenya has been jointly organised between IGC and IRC. Circumstances 
dictate that the next two will be IGC only in USA in 2023 and in Europe probably in 
2027 celebrating the 100th anniversary.

IGC Continuing Committee Members
•	 Ray Smith thanked members of the Continuing Committee (CC) for their contributions 

since the last Congress in India in 2015.
•	 We have suggested that the terms for current IGC CC members be extended until 2023 

given that the IGC constitution requires members to be nominated from attendees at 
the Congress. This was not possible with the Virtual nature of this year’s congress (see 
resolution 6 below).

•	 There have been two changes necessitated by current CC members being unable to 
complete their term. 

o Dr.agr.Iveta Gutmane, Latvia completing the term of Dr. Alexander 
Adamovich, Latvia. 

o Dr. Christian Huyghe, France completing the term of Dr Jean-François 
Soussana, France.

•	 Appendix A shows all current IGC Continuing Committee members

Review and Approval of Minutes
•	 Motion: That the minutes from 2015 Congress are a true and accurate record

o Moved: D Woodfield / P Ballerstedt                                  CARRIED

Review of Resolutions from XXIII IGC
•	 Dr Smith read out the actions that had been taken by the Continuing Committee in 

response to the resolutions from IGC XXIII in India in 2015.
•	 Appendix A lists the 2015 Resolutions and actions taken.  

Constitution Amendments
•	 No Constitutional amendments were received in the period required leading up to the 

XXIV IGC congress.
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IGC History
•	 A comprehensive update of the IGC history has been written by Dr Vivien Allen and 

Dr Roger Wilkins as the primary authors and additional with input from Co-authors 
Dr. Garry Lacefield and Dr. Ray Smith.

•	 This history is available via the IGC website under publications (pdf can be downloaded 
for free or hardcopy ordered for $26.75 plus shipping). 

IGC Proceedings
•	 The majority of proceedings papers presented at the last 5 IGCs are now available 

via a link on the IGC website to the site UKnowledge. (This project has been funded 
primarily by the University of Kentucky library system for which we are very grateful. 
Supplemental funding from the Forage and Grassland Foundation (private foundation 
started from the profits of the XIV IGC in Lexington, KY).

•	 The Proceedings site has an internal search function or one can use any search engine 
to find papers by using author’s name and keywords from one of their Proceedings 
papers. Once found papers can be read from the site or downloaded free. If this 
simple search does not work, then add International Grasslands to the search. A 
record of the number of downloads will also be provided for author’s vitaes. The 
International Grasslands Congress recently obtained copyright permission from 
Wageningen Academic Publishers for the XX IGC in Ireland (2005) to be included 
in the searchable database, previously this Proceedings could only be purchased as a 
hard copy or e-book. To reach the main site go to internationalgrasslands.org under 
click on publications or google International Grassland Proceedings.

Announcement and Invitation to the XXV IGC Congress in Kentucky USA 14-19 May 2023
•	 An extensive video was played inviting all delegates to Kentucky in May 2023. The 

venue will be in Northern Kentucky and in the wider Cincinnati area.
•	 The last time the IGC was held in USA was in 1981. The meeting will be organised 

and hosted by the American Forage and Grassland Council.
•	 A call for papers has been developed and will be re-released following the conclusion 

of  IGC XXIV. 
•	 First announcement is already on the IGC website.
•	 The date for title/summary submissions is 1 June 2022.
•	 The Organising committee are also asking for potential thematic sessions by 1 April 

2022.
•	 A series of proposed pre-congress and mid-congress tours were outlined.
•	 Members at the business meeting reinforced the need for low-cost hotel packages to 

be available for delegates given that USA is a high-cost region for many people.
•	 The Organizing Committee is raising funds specifically designated for delegate 

sponsorships.  
•	 Announcement of venue for XXV IGC in 2023 – USA.   https://internationalgrasslands.

org/igc-2023/ 
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100th IGC Congress 2027
•	 Dr Frank Ewert and Dr Jurgen Pickert proposed Leipzig as the venue for the 100th 

anniversary IGC in 2027.
•	 They outlined the range of German organisations in the Grassland and Forage Community 

that have expressed their support for this event and two Government ministries in Saxony 
and Brandenburg regions.

•	 Julius Kuehn Institute – Grassland Science focus - interested in supporting this congress
•	 Thunen Institute
•	 Venue proposed is very near the location of original 1927 International Grassland Congress.
•	 Potential dates and pre- and post-Congress tours were discussed.
•	 It will be important to ensure that we avoid conflicts with timing of the European Grassland 

Federation meetings.
•	 Other groups can still propose other venues for this Congress and a full bid must be 

submitted to the IGC Continuing Committee before a final venue is confirmed. At present, 
the Leipzig bid is the only serious contender. Besides Leipzig, only convention bureaus 
have expressed interest, but none are connected with a grassland organization.
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Resolutions from IGC XXIV
The IGC Resolutions Committee (Dr Derek Woodfield, Dr Fernando Ortega, Dr Ray 
Smith & Babo Fadlalla) presented the following resolutions to attendees.

Resolution 1 – The members of the XXIV IGC congratulate the Kenyan Organizing 
Committee for their perseverance in putting together an excellent Congress in the face 
of an unprecedented pandemic that caused its delay until 2021 and ultimately resulted 
in a move to a virtual congress. The congress plenary sessions were informative and the 
volunteer oral and poster presentations provided an excellent overview of grasslands 
around the world. Carried: Unanimously

Resolution 2 - We thank the sponsoring organizations for their financial and in-kind 
support of the XXIV IGC particularly given the global financial situation associated 
with Covid-19. Sponsorship is a critical component in minimising registration costs 
for delegates, therefore, we recommend that the IGC continuing committee appoint a 
sub‐committee to assist the XXV IGC Local Organizing Committee in identifying the 
appropriate contacts for sponsorship. Carried: Unanimously

Resolution 3 – That the XXV IGC Organizing committee make every reasonable effort 
to enable participants from as many countries as possible to attend by keeping costs 
low (including a range of accommodations), providing delegate sponsorship, and make 
every effort to promote the Congress Internationally.  Carried: Unanimously

 Resolution 4 – That ten dollars USD per attendee earned during the XXV IGC Congress 
should be provided to the IGC Continuing Committee as start-up funds for the next 
congress and to support early career researchers attending the congress. Carried: 
Unanimously

  Resolution 5 – The Continuing committee should commission a study on the Global 
future of grasslands and present this at the 100th anniversary of the IGC in 2027. The 
study would involve all relevant stakeholders. Carried: Yes from 87% of those voting 

Resolution 6 – That the term of the current IGC Continuing Committee members be 
extended until the next in-person IGC Congress 14-19 May 2023 in the USA since 
our constitution requires that “new members shall be nominated from the participating 
delegates in attendance at the Congress”. Consultations with past IGC CC Chairs 
provided the recommendation that new members should be nominated from those 
physically attending a Congress. Carried: Unanimously

Resolution 7 – That the IGC fully support the International Year of Rangelands and 
Pastoralists initiative for 2026 including providing representatives to the IYRP Global 
and Regional Support Groups. Carried: Unanimously

Resolution 8 - That the incoming IGC Continuing Committee consider the need for 
updated Country Pasture Profiles and lobby FAO for resources to update and reinstate a 
full set of publicly available Country Pasture Profiles. If successful, IGC will:

•	 Identify potential authors to build on the previous work; 
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Other business
•	 None

Meeting closed 3.48pm EAT

1. Appendix 1 – Current IGC Continuing Committee Members

Appointed in 2015 

Region III [South America] Dr. Fernando Ortega, Chile

Region VI [East Asia] D.r Joung-Kyong Lee, South Korea

Region VII [Middle East] Dr. Hayatullah Esmati, Afghanistan

Region VIII [Mediterranean] Dr. Ates Serkan, Jordan

Region X [Northern Eurasia] Dr. Alexander Adamovich, Latvia – Term will be completed by Dr.agr.
Iveta Gutmane, Latvia

Region XI [Africa] Dr. Babo Fadlala, Sudan

India Organizing Committee serves one term - Dr. P.K Ghosh, India

Appointed in 2013

Region I [Canada, USA] Dr. Ray Smith, USA – Chair CC

Region II [Central America] Dr. Fernando Ibarra Flores, Mexico

Region IV [South East Asia] Dr. P. K. Ghosh, India

Region V [Oceania] Dr. Derek Woodfield, New Zealand

Region IX [Europe] Dr. Jean-François Soussana, France – Term will be completed by Dr. 
Christian Huyghe, France

2. Appendix 2 – Response and Actions to Resolutions from XXIII IGC India

Resolution 1 – The members of the XXIII IGC congratulate the Indian Organizing Committee for putting 
together an excellent congress and we also thank the sponsoring organizations for their financial and inkind 
support. The congress plenary sessions were informative and the volunteer oral and posterpresentations 
provided an excellent overview of grasslands around the world. The Organizing Committee is especially 
commended for publishing “Grassland: A Global Resource Perspective”. This will be a foundation text 
on the world’s grassland resources for many years to come. Carried: Unanimously  Thank-you again Dr 
Ghosh for this very successful meeting

Resolution 2 – The XXIV IGC Organizing committee make every reasonable effort to enable as many 
countries as possible to attend by keeping costs low (including a range of accommodations) and make 
every effort to promote the Congress Internationally. Carried: Unanimously This was an important factor 
in setting the low registration fee for Kenya when it was in-person and setting a low virtual Congress fee.  

Resolution 3 – Since sponsorship is a key component of keeping registration costs at a reasonable level, 
the IGC continuing committee should appoint a sub‐committee to assist the local Organizing Committee 
in identifying the appropriate contacts for sponsorship.

Carried: Unanimously We did not do a good job with this but neither did the IRC Continuing Committee. 
Jim O’Rourke, the IRC Secretary, obtained the majority of the sponsorship.
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Resolution 4 – The IGC continuing committee should appoint a sub‐committee to assist the local 
Organizing Committee in assigning papers to the appropriate themes. Carried: Unanimously  We assisted 
with this and thanks to all those committee members who were active reviewers.

Resolution 5 – Ten dollars USD per attendee earned during the congress (starting IGC XXIV) should 
be provided to the IGC Continuing Committee to be startup funds for the next congress and to support 
early career researchers attending the congress. Carried: Unanimously  This will be collected from 
Kenya. Ten dollars USD for IGC and ten dollars for IRC for every delegate. We did not use these funds 
for early career researchers since Jim sponsorship dollars were all designated for delegate sponsors and 
these funds were not all used.

Resolution 6 – The Organizing Committee of the XXIV IGC should give strong consideration to 
incorporating a mid‐congress grassland tour into the congress program and to design some of the pre- 
and post‐congress tours to highlight African grassland agriculture.

Carried: Unanimously Extensive tours were planned for Kenya and we already have good pre and mid-
Congress tours options planned for IGC 2023.

Resolution 7 – Continue the Early Career Researchers Forum that was started in Australia and insure 
that early career researchers are included as keynote speakers. Carried: Unanimously  An early career 
research forum will not happen in Kenya, but one is planned for IGC 2023. We should commit to early 
career researchers for keynote speakers. An effort was made in this regard for Kenya.

Resolution 8 – Given the demonstrated benefits of the joint IGC‐IRC 2008 meeting in China and 
considering the worldwide decreasing number of researchers as well as funds available for research 
in grassland and rangeland, the members of the XXIII IGC recommend that future IGC Continuing 
Committees make every endeavor to conduct joint activities with the IRC in order to maximize 
synergies in knowledge, practice, and resources.  Carried: Unanimously  As you know, Kenya 2021 is 
a joint Congress. We have a very good working relationship with IRC and look forward to continued 
joint meetings in the future. We have been very supportive of the International Year of Rangeland and 
Pastoralists Initiative spearheaded by IRC. Looking forward, IGC has a Congress in the USA in 2023 
and IRC has a Congress in Australia in 2025. Since 2027 is the 100th Anniversary of IGC it is not planned 
to be a joint Congress. 

Resolution 9 – The Continuing committee should commission a study on the Global future of grasslands 
and present this at the XXIV IGC. The study would involve all relevant stakeholders. Carried: 
Unanimously  This is a resolution that has not been followed up on, but may be one to consider going 
forward, especially with our 100th Anniversary approaching. IRC commissioned a similar study. Here 
is the link 

https://www.unep.org/resources/report/case-benign-neglect-knowledge-gaps-about-sustainability-
pastoralism-and-rangelands 

Resolution 10 – In order to move the IGC Conference Proceedings to a higher scientific level, the

Continuing Committee should pursue having the proceedings approved by Thompson Reuters to be

listed in the Conference Proceedings Citation Index and be designated with an ISBN number.

Carried: Unanimously  I have been advised by our librarian that ISBN numbers are only for books and 
not Proceedings, but we have made great progress on our initiative to have all IGC Proceedings online 
and completely searchable. This project is in collaboration with the University of Kentucky library. 
A simple google search with appropriate keywords will now find individual Proceedings papers from 
the last 4-5 Congresses. We have just obtained permission from the publisher of IGC 2005 in Ireland 
to make these papers available for free on this website. Previously, only the hard copy or ebook of the 
Proceedings could be purchased. Authors can also obtain data on the number of downloads for their 
papers. We are planning to go back to 1927. We may limit the papers from the first two Congresses since 
we likely want to translate these from their original language of German.

https://www.unep.org/resources/report/case-benign-neglect-knowledge-gaps-about-sustainability-pastoralism-and-rangelands
https://www.unep.org/resources/report/case-benign-neglect-knowledge-gaps-about-sustainability-pastoralism-and-rangelands
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Continuing Committee and Business Meeting Minutes

XI International Rangeland Congress Kenya – held as a Worldwide Virtual Congress

Sunday October 25 – Friday, October 29, 2021

1) One Continuing Committee Meeting was held on Sunday, October 25  and one meeting on 
Friday, October 29 Congress.  Delegates were not invited to first meeting October 25th and did 
not attend. Congress delegates were invited to the second meeting on October 29th; attendance is 
recorded in Minutes of this meeting.

2) Traditionally two Business Meetings have been held, one on Sunday or Monday in which the 
Resolutions Committee and the Nominations Committee are introduced to the entire delegation 
in order for delegates to contact these people to submit resolutions and nominations, which then 
get voted on in the second Business Meeting traditionally held on Friday.  At this Congress only 
one Business Meeting was scheduled, that on Wednesday, October 27, 2021.  This did not give 
delegates the opportunity to submit resolutions or nominations during the week of the congress 
and resulted in a second Business Meeting held on Friday, October 29, 2021.

3) Opening and Welcome 

OPENING REMARKS IRC BUSINESS MEETING

Wednesday 27 October 2021, by President Dana Kelly

“The aim of the International Rangeland Congress is to promote the interchange of scientific and technical 
information on all aspects of rangelands: research, planning, development, management, extension, 
education and training” (https://rangelandcongress.org 2021 p.1). To achieve this aim, the key activity to 
date for Continuing Committee (C.C.) members is to help organise an International Rangeland Congress 
(IRC), normally held every 3-5 years. 

Organising an International Congress

We have excellent Congress Planning Guidelines, which go into detail about the various committees that 
need to be formed, exactly what those committees need to do and, most importantly, by when. These 
guidelines are on the IRC web-site (https://rangelandcongress.org Future Congresses tab) and are up-
dated after every Congress. This time, the Guidelines will need considerable up-dating because this first 
Congress to be in a virtual format.

Organising an international congress that normally attracts between 500 to 1000 delegates (and over 
1,500 in China) with several concurrent streams, is much more time consuming than most people 
realise. This is especially true if the country or organisation hosting the congress has not run many or 
any conferences of this size and scope.  Surprisingly for many, organising papers and publications is 
the easiest part, even though it is perhaps the most visible and important part of the congress.  Scientists 
organising scientifically-focused tours, negotiating contracts with hotels, coordinating bus timetable to 
pick everyone up from hotels amongst traffic jams — these are tasks that do not come naturally. 

The Continuing Committee 

The current C.C. has highlighted various other activities and actions that the C.C. could be involved 
with. These ideas have evolved from various chats over the past few years and culminated in an excellent 
discussion at our Sunday C.C. meeting. One of these activities is of course, the International Year of 
Rangelands and Pastoralists (IYRP).

I think it is time in the evolution of the IRC C.C. to consider the role of the committee and the roles of the 
various C.C. members. Up until now, too much responsibility for helping with the up-coming Congress 
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has left to the IRC Secretariat and the President, and this is not sustainable. As member of the C.C. for 
5 years before I become President, I must admit I did not feel very engaged and had little to do. Our 
discussions about the possible future roles for the C.C. have been developed into Resolutions. 

I would like to take this opportunity to thank the Resolutions Sub-Committee for the sterling job they 
have done in taking our rambling discussions and developed these into some coherent and concise 
resolutions. These are quite open and really leave the job of refining what happens next to the new C.C.. 
As the retiring past President, I have an ex-officio position on the new C.C. so I’m around to continue 
these discussions with you. I would be glad to do so. While I had lots of ideas about how the C.C. could 
develop, I ended up too busy with the Kenyan Congress organisation to do anything else.

Indigenous and Traditional peoples

One thing I was involved with was how the Congress could better in terms of sharing the perspectives 
of Indigenous and Traditional Knowledge holders. While this is a passion of mine, this desire to hear 
more from Indigenous peoples has been reflected in IRC Resolutions for some time. The first significant 
mention was in a resolution at the Argentinian Congress in Rosario in 2011. Resolution 3 was about the 
“Recognition, support and participations of Indigenous and traditional pastoral peoples”. 

My Kenyan colleagues and I had many discussions about how Indigenous people could be more involved 
and how to get Indigenous peoples from around the world to participate in the Congress in Kenya. An 
Indigenous Traditional Knowledge Forum was planned which planned to:

	bring people from Indigenous Communities around the world and take them to rural areas 
where they were to be hosted by several Kenyan communities. Several were involved in 
discussions regarding their desire to be hosts, their challenges and costs.

	bring visitors and locals back to Nairobi to spend time together to discuss their experiences.

	hold a Forum to hear from Indigenous peoples  about their land management  techniques, their 
challenges and successes, what issues they had in common as well as the differences.

Not everything that we initiated eventuated, due to chaos of Covid-19. The risks were high in bringing 
potentially vulnerable elders to Kenyan rural communities where vaccination rates were low and medical 
facilities are limited. Even though various options to minimise risks were considered, advertising around 
the world was not undertaken because of the uncertainties. Nonetheless, various actions were started. 
What did happen was that we:

	Reached out to communities around the world, making contacts.

	Initiated a film documentary about the role Indigenous Traditional Knowledge in Africa, 
especially in the IGAD countries in East Africa

	Formed an ITK Committee, which will continue after the Kenyan Congress committees close.

	Developed a plan for a Webinar series, which will hopefully run from 2021 until 2026, the 
proposed year for IYRP.

Interest in ITK is growing internationally, and we are starting to see greater awareness of the value of 
ITK. In Australia, interest is developing in how Australian Indigenous or Aboriginal culture may provide 
insights into how to manage increasing climatic variability. These insights could be in terms of land 
management e.g. cultural fire management; and also, in terms of governance arrangements and how to 
make decisions that embrace uncertainty and support resilient communities.

Next on the IRC Business Meeting Agenda

We shall now discuss the Resolutions that have been developed; as I said these indicate some possible 
future directions for the IRC C.C.. It is my view is that several sub-committees may be needed  to 
help implement any new activities. I shall now hand over to James Bennett from the Resolutions sub-
committee. 
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4) Update on IRC Secretariat 

INTERNATIONAL RANGELAND CONGRESS SECRETARIAT REPORT

Submitted by James T. O’Rourke

For Period July 2016 to October 2021

1.  IRC website domain name was renewed on 10/2016 ($60.95) and 9/2021 ($14.95).

2.  IRC mailing list ability renewed annually with Linksky.  Current charge on 5/2021 was $83.40 
annually.

3. Jerome Vogel has provided a tremendous amount of support with IRC mailings at very little 
cost.  Last payment to Jerome was for $700 on 7/ 2016.

4. Maintain MOU with Society for Range Management annually which allows IRC a 
complementary booth in the Trade Show at SRM Annual Meetings. Shipping charges in two 
cases for IRC banner to be in place.

5. A fee of $60 was paid for typing of the IRC History, edited by Jim O’Rourke, and will be 
included in the Kenya Proceedings.

6. IRC office is maintained at Chadron State College Rangeland Complex where computer, 
photocopy, FAX and telephone services are provided to IRC at no cost. IRC Archive of all past 
congresses is held here.  Frequent requests for copies of papers in past proceedings are received 
at which time photocopies are made and emailed to the person requesting these reprints.

7. Emails checked daily (or weekly during summer season). Volume is huge.

8. U.S. IRS (Internal Revenue Service) application/renewal last completed on 9/2015.  Annual 
Tax Preparation by firm in Chadron Nebraska maintains that tax exempt status at a cost of $250 
in 2021.

9. Annual submission of IRC Profile to Sam.gov, which is necessary to receive grants/sponsorships 
from U.S. government agencies.

10. Password for Grants.gov renewed every 60 days, which is also necessary to receive grants/
sponsorships from U.S. government agencies.

11. Sponsorships from U.S. government agencies must be made to a U.S. entity.  Thus the IRS 
501c3 status (tax exempt).  U.S. sponsorships made up 95% of sponsorships for the Kenya 
Congress. When these sponsorships are received they are wired to the Host Country.  In the 
case of Kenya some of these funds were retained in the U.S. to make dollar payments to IRC 
and IGC personnel who were traveling to Kenya to provide support in order to make payment 
easier and avoid wiring fee charges. IRC President made 3 trips, IGC Chair made 2 trips paid 
by sponsorships and at least two more at his expenses, and IRC Secretariat 2 trips.

12. IRC made a loan of $20,000 to Kenya Organizing Committee.  This has been repaid by holding 
back that amount from sponsorships received into the IRC bank account.  The loan IGC made 
of $10,000 to the Kenya Organizing committee was repaid in the same fashion.



xxvi

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

13. The IRC bank account has been used for IYRP efforts with sponsorships received for IYRP and 
payments made for IYRP expenses keep separately.

14. Bank statement balanced monthly.

15. See the separate IRC Financial Report.

                                                          FINANCIAL REPORT TO IRC CC
                                                                        October 13, 2021
                                  Covering period from January 1, 2015 to October 14, 2021

                                               Submitted by James T. O’Rourke, Secretariat

EXPENSES:
1.  Website                                    $75.80
2. Mailing List                            $487.80
3. Jerome Vogel                         $ 700.00
4. Advertising                             $106.00
5. IRS (for 501c3 status)            $410.42
6. Tax Preparation                    $1220.00
7. Bank Charges                           $20.00
8. Typing                                      $60.00
TOTAL EXPENSES:                  $3080.02

REVENUE:

1. Interest – -$261.31

2. Canada Profits - $19,962.50 – Of this amount $5290 was for the $10 per delegate attending 
fee due to IRC. The remaining ($14,672.50) was a sponsorship from Canada for the Kenya 
Congress.  This $14,672.50 has been used for travel by IGC and IRC personnel to and from 
Kenya to assist in planning preparations.

Additional Revenue and Expenses:

1. IGC and IRC travel to and from Kenya has totaled $25,488.38.  With $14,672.50 from Canada 
Profits, $2455.00 from ICARDA and $3000.00 from CSU used for this item an additional 
$5360.88 will be held back from sponsorships to Kenya to offset these expenses.  

2. IRC has loaned Kenya $20,000.00.  This will be due back to IRC.

3. Items 1 and 2 immediately above, a total of $25,360.88, will be collected from Kenya when all 
sponsorship funds arrive in the IRC account, with any remaining returned (wired) to Kenya.

4. The IRC bank account has been used to assist the IYRP effort.  $5500.00 has been received in 
sponsorships to support the IYRP.  $3677.80 has been expended.  Thus $1822.20 remains in the 
IRC account for use by IYRP.

Bank Balance August 1, 2017 immediately before Canada final payment to IRC                   $37,651.62

Bank Balance September 21, 2021                                                                                                  $48,257.94

       Less amount held for IYRP                                                                                                            $1,822.20
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       Less amount in bank from sponsorships to be used to repay IRC/return to Kenya           $30,000.00

       Temporary Bank Balance pending repayment and Kenya $10 per delegate fee                $16,435.74

       With repayment of $25,360.88 in 3. above                                                                             $41,796.62   

        With payment of $10 delegate fee from Kenya (registration figures yet to be seen)             ?                    

                                       SPONSORSHIPS RECEIVED FOR THE KENYA IGC/IRC:
1. Canada Organizing Committee 2016                                                                             $14,672.50
2. Agricultural Research Service (ARS) of USDA                                                            $60,000.00
3. Natural Resources Conservation Service (NRCS) of USDA                                         $10,000.00
4. Colorado State University                                                                                              $11,500.00
5. ICARDA                                                                                                                           $2455.00
6. FAO  on behalf of CIRAD France                                                                                   $5,000.00

5. Review of Resolutions passed at 10th IRC Saskatoon, Saskatchewan Canada 2016

Resolutions Passed at the 10th International Rangeland Congress Saskatoon, Saskatchewan, 
Canada 2016

1. INTERNATIONAL YEAR OF RANGELANDS AND PASTORALISTS 
The delegates from the member countries of the International Rangelands Congress 2016, 
support a United Nations designation of an International Year of Rangelands and Pastoralists 
in the Year 2021.

2. GENDER & INDIGENOUS 
That future IRC Congress Organising Committees provides a forum for sharing the 
experiences of all genders, youth and indigenous peoples, so that their perspectives can be 
better integrated into science and policy regarding rangeland management.

3. THANK YOU TO CANADA 
The delegates and the Continuing Committee of the IRC thanks the organisers of the IRC 
Canada Congress for an excellent congress, especially the structure of congress sessions, the 
program and superb organisation, in a very short space of time.

4. MULTI-FUNCTIONALITY 
Future International Rangeland Congresses strive to highlight pastoralism as a multifunctional 
activity, with sessions linking production, environmental, social, cultural and institutional 
issues towards local development perspectives.

5. JOINT MEETINGS 
The IRC Continuing Committee explore opportunities for joint meetings with allied groups 
(such as ecology, conservation, economics, social development, wildlife, livestock and 
grassland groups) to address selected emerging regional/global management issues in 
rangelands.

6. REPRESENTATION ON CONTINUNG COMMITTEE 
The IRC strive for equal representation of men and women, and substantial representation 
from the global south, on the Continuing Committee.

6. New Resolutions passed at the 11th International Congress, Oct, 2021

Virtual and Mombasa, Kenya

The Resolutions Committee was co-chaired by James Bennett and Robin Reid and included David 
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Phelps, Elisabeth Huber-Sannwald and Tony Palmer.  Eight resolutions had been received 
prior to the Business Meeting on Wednesday as a result of communications with delegates 
prior to the congress.  These resolutions were reviewed by the Resolutions Committee and 
modifications made in consultation with the person/groups submitting the resolutions.  Only 
one of these resolutions received suggested amendments during the Business meeting on 
Wednesday resulting in that resolution being voted upon during the Friday Business Meeting.  
The approved resolutions, as voted upon by the full delegation include:

Resolution 1: Thank you to the Kenyan Organising Committee
The continuing committee extends its gratitude to the Kenyan Organising Committee for all its hard 
work in pulling together the International Rangeland Congress 2021, under difficult circumstances.

Resolution 2: Congratulations to Australia
The continuing committee congratulates Australia on the award of the International Rangeland Congress 
2025.

Resolution 3: Actively Work with IYRP (International Year of Rangelands and Pastoralists) (IYRP 
Resolution 1) 
Individual Continuing Committee (CC) members of the International Rangeland Congress (IRC) will 
be responsible for working with other IRC delegates and the International Year of Rangeland and 
Pastoralists (IYRP) Global and Regional Support Groups to gain country-level commitments to support 
the IYRP 2026 initiative, through letters and other acknowledgements submitted to the Mongolian 
Government in reference to their IYRP 2026 proposal to the United Nations, until such time as the UN 
General Assembly designates the International Year.  

Resolution 4: Mobilize Support in Countries for IYRP (International Year of Rangelands and 
Pastoralists) (IYRP Resolution 2) 

Individual CC members of the International Rangeland Congress will be responsible for mobilizing 
scientists and rangeland practitioners in the countries and regions that they represent, to support and work 
with the Regional IYRP Support Groups in developing IYRP Action Plans concerning the activities that 
will be conducted prior to and during the Year. These activities will coincide with the 12 monthly themes 
developed by the International Support Group (ISG) of the IYRP and will be discussed at the Society for 
Range Management Conference in February 2022. The IYRP Action Plans should be finalized before 
the end of 2022, and implementation commenced in January 2023, unless otherwise decided by the 
Global Coordinating Group of the ISG.

Resolution 5: Establish IYRP (International Year of Rangelands and Pastoralists) Sub-Committee 
of the International Rangeland Congress Continuing Committee (IYRP Resolution 3)
The CC of the IRC will establish an IYRP Sub-Committee that will prepare a report identifying priority 
research and comparable methodologies needed to address the knowledge gap findings, including those 
of the Gap Analysis conducted by UNEP in 2018, by October 2022 as an input to the IYRP Action 
Plans. This Sub-Committee will work with the Regional IYRP Support Groups including International 
Agencies, amongst them UNEP, FAO, ILRI, and regularly report on progress to both the CC of the IRC 
and the Global Coordinating Group of the ISG. The Sub-Committee will report on its achievements and 
findings to the IRC in 2025, including implementation of these three resolutions. 

Resolution 6: Establish Kenya IYRP (International Year of Rangelands and Pastoralists) 
Committee
The Kenya International Rangeland Congress Organising Committee will work with the rangeland 
counties in Kenya to establish - in liaison with the Kenyan ministries of agriculture, livestock and 
fisheries -- a joint Kenya IYRP Committee responsible for coordinating regional and country-level 
commitments in support of the International Year of Rangelands and Pastoralism (IYRP) 2026 
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initiative. This committee will also encourage members of IGAD (Intergovernmental Authority on 
Development, covering the countries in the Horn of Africa) to participate in the IYRP.  This will include:

•	 Developing action plans each year until the IYRP is launched

•	 Identifying and supporting research priorities that support the goals of the IYRP
Resolution 7: Support international liaison for the International Rangeland Congress 2025 and 
beyond
The International Rangeland Congress (IRC) Continuing Committee will establish effective international 
liaison in support of congress attendance in conjunction with future host nation organising committees, 
in order to:

1. Identify historically under-represented countries at IRC and how more effective linkages might be 
established, e.g. with in-country organisations, to facilitate closer liaison with IRC.

2. Identify potential constraints to delegate attendance at IRC from these, and other countries, and 
how these might be addressed. 

3. Actively build the capacity of under-represented countries to host future congresses.

Resolution 8: Explore Opportunities for Joint Congresses with Allied Groups

The International Rangeland Congress Continuing Committee will explore opportunities for joint 
meetings with allied groups (such as ecology, conservation, economics, social development, wildlife, 
livestock and grassland groups) to address selected emerging regional/global management issues in 
rangelands. 

Resolution 9: Extend International Rangeland Congress Procedures to Include Virtual Congresses
In light of the current pandemic it is proposed that the IRC continuing committee revise existing Congress 
Guideline Procedures to include handling a virtual congress.

Resolution 10: Encourage and Report on Regional Activities

A strategic planning meeting of Continuing Committee (CC) members, is established after each congress 
to clearly identify what the roles of CC members will be for the period to the next congress.  Indicative 
roles and activities to involve but not be limited to:

i. Fostering communication among region members;

ii. Promoting and encouraging the mission of the International Rangeland Congress amongst member 
countries;

iii. Supporting IYRP (International Year of Rangelands and Pastoralists), participating in gap analysis 
of rangelands and pastoralism.

That these activities are then reported on at a meeting of CC members held every 12 months.

Resolution 11: International Rangeland Congress Continuing Committee and Organizing 
Committee to Establish Diversity Sub-committees

The International Rangeland Congress (IRC) Continuing (CC) and Organizing Committees (OC) will:

•	 Establish Sub-Committees on Diversity, Equity and Inclusion to advise on all IRC CC and OC 
activities, including recruiting and retaining diverse leadership and membership, conference 
program development and structure, keynote and session speakers and panels, scholarship 
awards, field trips and other activities. 

•	 Develop a Diversity, Equity and Inclusion statement and implementation plan to guide these 
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decisions (see examples of such a statement by the US Society of Range Management here).  

Resolution 12: Incorporate Indigenous Leadership and Participation

The International Rangeland Congress (IRC) Organizing Committees will:

•	 Incorporate the expressed goals, participation and leadership of Indigenous Peoples of the 
hosting countries in all aspects of each IRC meeting.  

•	 Apply this to leadership and membership, conference program development and structure, 
keynote and session speakers and panels, scholarship awards, field trips and other activities of 
the meeting.  

•	 Form an IYRP (International Year of Rangelands and Pastoralists) sub-committee of the IRC 
Continuing Committee (CC) for this purpose and/or

•	 Include this role within any other relevant committees of the IRC CC.

This resolution assumes that the next IRC will be held in 2025 as currently planned, and that the IYRP 
will be approved for 2026.

Nominations for New IRC Continuing Committee Members

CC members were encouraged to seek at least two nominations per region. Nominations had been 
made by CC members for persons to replace those going off the CC at this congress. Those 
nominations were reviewed at the CC Meeting on Sunday and presented to the full delegation 
at the Wednesday Business Meeting. Only one region had more than one nomination with the 
voting for that region on Wednesday resulting in a tie vote.  One of these nominees subsequently 
withdrew his nomination.  Following the Wednesday Business Meeting one other nomination 
came forward from another region.  It became obvious that delegates had not had sufficient 
notice and time to submit nominations and therefore a second Business Meeting was scheduled 
for Friday with notice sent to all delegates to submit nominations as they wished.  By the time 
of the Friday Business Meeting only this one region had received an additional nomination.  
On Friday, all nominations were voted upon to insure that delegates were comfortable with 
the nominations even if only one nomination had been received.  Outgoing, Continuing and 
Newly Elected member are:

Region Outgoing 
member

2011-2021

Continuing 
member

2016-2025

Nominations

2021-2029

New member

2021-2029

Australia/Ocea-
nia

Dana Kelly David Phelps 

(Australia)

Nicole Spiegel (Aus-
tralia)

Nicole Spiegel

Africa: Southern 
Africa, Sub-Sa-
haran Africa

Anthony R 
Palmer

George Azenga 
Keya

(Kenya)

Igshaan Samuels   
(South Africa)     

Africa: Northern 
Africa and Mid-
dle East

Mounir Lou-
haichi

Mohamed Tar-
houni

(Tunisia)

Nahid Naghizahed    
(Iran)

Nahid Naghizahed

Asia: Central 
Asia and Mon-
golia

A y u r z a n a 
Enkh-Amgalan

Dildova Aralova

(Uzbekistan)

Tungalag Ulambayar  
(Mongolia) 

Tungalag Ulam-
bayar

https://rangelands.org/about/diversity-and-inclusion/
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Asia: China and 
East Asia

Fujiang Hou Guodong HAN 
(China)

Yongfei Ba  (China) Yongfei Ba

America: North 
and Mexico

Elisabeth Hu-
ber-Sannwald 

Robin Reid (USA) Luis Ortega Reyes 
(Mexico)

Luis Ortega Reyes

South America Cristina Genro

Susana Feld-
man

Diego Bendersky (Ar-
gentina)

Walter Ayala (Uru-
guay)

Diego Bendersky

Walter Ayala

Europe James Bennett Bernard Hubert

(France)

Pablo Manzano Baena 
(Finland)

Pablo Manzano 
Baena

7. Update on IRC History compilation

Jim O’Rourke reported that the History has been updated from the early History that had been compiled 
after the first 4 congresses.  This updated History is to be included in the proceedings of this 
Congress.

8.  Update on scanned of Congress Proceedings (past & current)

Ray Smith has organized for the proceedings of this Congress to be scanned by the University of 
Kentucky.  Congresses since Hohhot in 2008 have been produced electronically but it is 
unclear if these can be accessed by the worldwide audience.  Funding is needed to digitize 
earlier congresses.

9. No constitutional amendments were received prior to the 6 months preceding the IRC 2021 
meeting, therefore there will be no changes to the constitution.

10.  Presentation from IRC 2025 Australian Organizing Committee

David Phelps presented the Welcome to attend the IRC Congress to be held in Australia in 2025.

11. At the Friday, October 29, Meeting of the CC David Phelps was elected to serve as President 
and Robin Reid as Vice President of the IRC CC until and including the next Congress in 
Australia in 2025.
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12. Minutes of the Final Business Meeting, Kenyan IRC—Friday 29 October 2021 
(Saturday 30 October 2021 AEST)

Agenda:

•	 Vote of revised Resolution 6

•	 Finalise voting procedure and ratification of new committee members

Meeting opened: 1.15 am AEST (GMT+10)

Apologies: none received 

Attendance (as per on-line platform at start of meeting):

•	 Otto Kaufmann

•	 Gaci Dihia

•	 Abdelmajid Bechchar

•	 Adubeker Hassen

•	 David Phelps

•	 George Keya

•	 Elly Sabiliti

•	 Mounir Louhaichi

•	 Nahid Naghizadeh

•	 Bernard Hubert

•	 Luis Ortega Reyes

•	 Robin Reid

•	 Anthony Palmer

•	 David Briske

•	 Jacob Barasa Wanyama

•	 Maria Fernandez-Gimenez

•	 David Kariithi

•	 Cecile Godde

•	 James Bennett

•	 I Samuel

•	 Cecilia Turin

•	 Ann Waters-Bayer

•	 Elizabeth Huber-Sanwald

•	 Diego Bendersky

•	 Julius Tjelele

•	 Mulisa Faji Dida
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•	 Khuliso Ravhuhali

•	 James O’Rourke

•	 Mohamed Tarhouni

•	 Anna Seidel

•	 Gabriel Olivia

•	 Charne Viljoen

•	 Clement Cupido

•	 Nicole Spiegel

•	 Otgontuya Lkhagvajav

Please note: 33 people actively in attendance. Another 69 people had entered the meeting at some point 
(names were not recorded).Dana Kelly opened the meeting by welcoming all delegates and noting there 
would be a meeting of the new committee at the end of this meeting. It was noted that all delegates are 
welcome to attend both meetings. Dr Kelly explained that voting needed to be re-done for the revised 
Resolution 6. Whilst this was put to the First business meeting on Wednesday and passed, the voting 
results were not recorded in the system.

Dr Kelly then opened the floor for discussion (via the type-in discussion facility 
online). 

Voting proceeded.

Revised Resolution 6 was passed unanimously.

Dr Kelly then formally opened the procedure to appoint new committee members. She thanked the 
outgoing members: Anthony Palmer; Mounir Louhaichi; Ayurzana Enkh-Amgalan; Fujiang Hou; 
Elisabeth Huber-Sannwald; Cristina Genro; Susana Feldman; James Bennett; and noted that she had 
also completed the maximum allowed two terms on the IRC CC.

Dr Kelly then explained that nominations for committee positions had been requested prior to the First 
business meeting through all IRC CC representatives. This was a pragmatic decision to ensure enough 
time to implement the polling procedure on the virtual platform. Nominations were received for each 
region prior to the First Business meeting.

Nominations had been ratified and voted on at the First Business Meeting on Wednesday. However, a 
nomination was received during the first business meeting. This is allowed under the IRC CC constitution 
and therefore needed to be considered. It was acknowledged that it was possible that not all delegates 
had received fair notice to lodge nominations prior to the First business meeting. 

The IRC CC nominations committee met out of session and determined that all existing and new 
nominations should be reconsidered at the Final business meeting on Friday, to ensure procedural 
fairness under the constitution.

In a first for the IRC CC, there was a tied vote during the First meeting, between Brandon Bestelmeyer 
(USA) and Luis Ortega (Mexico) who were both nominated as representatives for the America: North 
and Mexico region.  A second call for nominations was issued to all delegates via the virtual platform 
notification system during Thursday 28 October 2021. This second call closed at 7pm (EAT, GMT+3) 
Thursday 28 October 2021. Prior to the close of the second call for nominations, Brandon Bestelmeyer 
(USA) withdrew to ensure the successful nomination of Luis Ortega and that the North American region 
retained representation from Mexico.

All other previously received nominations were noted as received. One additional nomination that met 
all requirements was received, which triggered the need for a vote on the representative for the Southern 
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Africa and Sub-Saharan Africa region.

Dr Kelly read the list of nominees where voting was not required, and the meeting welcomed the 
following new committee members by acclamation:

•	 Nicole Spiegel (Australia/Oceania)

•	 Nahid Naghizahed (Africa: Northern Africa and Middle East)

•	 Tungalag Ulambayar (Asia: Central Asia and Mongolia)

•	 Yongfei Ba (Asia: China and East Asia)

•	 Luis Ortega (America: North and Mexico)

•	 Diego Bendersky and Walter Ayala (South America, two vacancies)

•	 Pablo Manzano Baena (Europe)

Dr Kelly called for nominees or others to discuss the two nominations for the Southern Africa and Sub-
Saharan Africa region, via the type-in discussion facility.

Voting was then opened, with sufficient time given for all delegates in attendance to vote. The final 
displayed vote was 72% in favour of Igshaan Samuels and 28% in favour of Abubeker Hassen. It should 
be noted that the voting system did not allow voters to change their vote.

Dr Kelly announced that Igshaan Samuels led the poll by a substantial margin and that an official 
statement would be provided once the count was finalised after the meeting closed. Dr Kelly thanked 
both candidates for their interest in contributing to the international community through the IRC CC.

Dr Kelly, then announced that the position of President and Vice-President were vacant, and called for 
nominations to the position of President.

Robin Reid (USA) nominated David Phelps of Australia. Dr Phelps accepted the nomination. Delegates 
were then given time to offer additional nominations; none were received. Dr Phelps was ratified by 
acclamation as President until the next IRC. Dr Kelly then stepped down as chair of proceedings and Dr 
Phelps assumed the role and oversaw voting for the position of Vice-President.

Dr Phelps called for nominations to the position of Vice-President. Nicole Spiegel (Australia) nominated 
Robin Reid (USA). Dr Reid accepted the nomination. Delegates were then given time to offer additional 
nominations; none were received. Dr Reid was ratified by acclamation as Vice-President until the next 
IRC.

A motion of congratulations and gratitude for the work of Dr Dana Kelly as President for 2016-2021 
was moved by David Phelps, seconded by Robin Reid and supported by acclamation and expressions of 
support from the meeting delegates. A motion of gratitude for the decades of hard work and support to 
the committee by James (Jim) O’Rourke as IRC CC Secretariat was moved by Dana Kelly and seconded 
by Robin Reid and resoundingly supported by acclamation and expressions of support from the meeting 
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delegates. 

The meeting was closed at 1.36am AEST (GMT+10).

All delegates were invited to stay for the first meeting of the new IRC CC.

Minutes of the first IRC Continuing Committee Meeting with the 2021-25 committee, Kenyan 
IRC—Friday 29 October 2021

The first meeting of the new IRC CC (2021-2025) was then held, chaired by Dr Phelps. It was noted that 
all delegates were welcome to attend and to provide discussion. 

International Rangeland Congress Continuing Committee (IRC CC)

First business meeting of the 2021-25 committee, Kenyan IRC—Friday 29 October 2021

Meeting opened: 1.37 am AEST (GMT+10)

Apologies: none received 

Attendance (as per on-line platform at start of meeting):

•	 Ann Waters-Bayer

•	 Anna Seidel

•	 Bernard Hubert

•	 Cecilia Turin

•	 David Briske

•	 David Phelps

•	 Diego Bendersky

•	 Elly Sabiliti

•	 Gabriel Olivia

•	 Gaci Dihia

•	 George Keya

•	 Jacob Barasa Wanyama

•	 James O’Rourke

•	 Luis Ortega Reyes

•	 Mohamed Tarhouni

•	 Nicole Spiegel

•	 Robin Reid

•	 YongFei Bai

•	 Solomon Tefera Beyene 

•	 Yohana Ogom

•	 Caroline Kute

•	 Jose Luis Zaragoza Ramirez
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•	 Mulisa Faji Dida

•	 Tungaa Ulambayar

•	 Walter Ayala

Dr Phelps noted his intention to build the committee as team based on shared values, goals and actions; to 
work to implement the Resolutions passed at the Congress; and to work with the Australian Organising 
Committee and the International Year or Rangelands and Pastoralists support groups to support successful 
events and raise the profile of rangelands and pastoralists over the coming years.

Dr Reid noted her intention to lead the implementation of more formal structure for the IRC CC and of 
the Resolutions passed.

Both noted that there are many passionate, dedicated and innovative professionals globally whose 
assistance to the IRC CC will be gratefully accepted to deliver this agenda of enhancing the capacity 
and impact of the IRC CC.

Meeting closed 1.59am AEST (GMT+10).

International Rangeland Congress Continuing Committee members (2021 - )

Region Outgoing 
member

2011-2021

Continuing 
member

2016-2025

Nominations

2021-2029

New member

2021-2029

Australia/Oceania Dana Kelly David Phelps Nicole Spiegel Nicole Spiegel
Africa: Southern Af-
rica, Sub-Saharan 
Africa

Dr Anthony R 
Palmer

George Azenga 
Keya

Igshaan Samuels

Abubeker Hassen

Igshaan Samuels

Africa: Northern Af-
rica and Middle East

Mounir Louhai-
chi

Mohamed Tar-
houni

Nahid Naghizahed Nahid Naghizahed

Asia: Central Asia 
and Mongolia

Ayurzana Enkh-
Amgalan

Dildova Aralova Tungalag ULAM-
BAYAR

Tungalag Ulam-
bayar

Asia: China and East 
Asia

Fujiang Hou Guodong HAN Yongfei Ba Yongfei Ba

America: North and 
Mexico

Elisabeth Hu-
ber-Sannwald 
(Mexico)

Robin Reid 
(USA)

Brandon Bestel-
meyer (USA) 
(withdrew follow-
ing a tied vote)

Luis Ortega (Mex-
ico)

Luis Ortega

South America Cristina Genro

Susana Feldman

Diego Bendersky

Walter Ayala

Diego Bendersky

Walter Ayala

Europe Dr James Ben-
nett

Bernard Hubert Pablo Manzano 
Baena

Pablo Manzano 
Baena
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KEY ISSUES GENERATED FROM THE XI INTERNATIONAL RANGELAND CONGRESS 
2021

SUMMARY AND WAY FORWARD
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on rangelands; social-ecological systems on rangelands

Abstract 

The important issues, knowledge gaps, and evolving research approaches for the global rangelands are 
summarised in this review of submissions to the Joint XXIV International Grasslands and XI Interna-
tional Rangelands Congress (IGC/IRC). In the big picture, it is concluded that stand-alone studies of 
livestock production are becoming rare compared to that of the past International Rangelands Con-
gresses (IRC). Rather, added effort is now being directed at understanding the fuller context of social-
ecological systems (SESs) on rangelands in a quest to improve the prospects for sustainable resource 
management as well as the enhancement of human welfare. Although climate change is upon us, there 
was still a dearth of papers that dealt with broad- scaled climate-adaptation per se; opportunities to im-
prove local drought response were the default topics here with a focus on implementing better drought 
early warning systems and integrating perspectives among producers and scientists. Invasive species 
challenges remain as prominent global concerns, and woody encroachment is viewed as a major con-
tributor to rangeland degradation. Treatments to combat rangeland degradation can involve innovative 
layering methods incorporating grazing management and use of prescribed fire. While there is an impor-
tant backdrop concerning ecosystem services from rangelands, research in this area is still in its infancy. 
Analysing trade-offs between production and conservation for services such as carbon sequestration 
loom large going forward. There were relatively few papers concerning wildlife, tourism, and associ-
ated issues; successes and challenges for natural resource conservancies were noted, in particular. These 
are topics that merit more creative research and development attention in the future. Some contributions 
highlighted the important issue of landscape conversion from rangelands to cultivation; in conjunction 
with human population growth, loss of such key resources can be very negative for wildlife and asso-
ciated values. In terms of pastoralism and related sub-themes, while it was noted that the majority of 
studies now embrace SESs and integrated, participatory, action- oriented approaches, there is little effort 
to standardize methodologies. A focus on repeatable methods can help grow “sustainability science” on 
rangelands, and this is a challenge for research and outreach education. The volume of studies submitted 
overall indicated a decided numerical advantage for the Global South over the Global North. Why this 
is the case remains unclear, however. Disciplinary research traditions in wealthier nations may not yet 
provide the incentives needed to spur innovative SES work. Finally, policy makers are seen by many 
investigators as being ignorant of rangeland development issues. It is argued, however, that this view 
has not changed for 40 years. How to better engage policy makers in comprehensive SES projects is an 
important future goal. Policy makers themselves can then also become human research subjects in the 
overall process. Based on our review the future for IRC stakeholders is clear: Continue the expansion of 
interdisciplinary SES and action-based approaches and increase attention to climate-change adaptation/

mailto:Layne.Coppock@usu.edu
mailto:andrew@ajashassociates.com
mailto:birving@ualberta.ca
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mitigation, ecosystem services, community-based development, human empowerment, market develop-
ment, poverty mitigation, and creation of effective policy frameworks.

Introduction

 The rangelands component of the IGC/IRC congress was organized around six of the seven sub-themes 
as follows: (1) Rangeland ecology; (3) Livestock production systems; (4) Wildlife, tourism, and multi-
facets of rangelands; (5) Drought management and climate change in rangelands; (6) Pastoralism, social, 
gender, and policy issues; and (7) Capacity, institutions, and innovations for sustainable development of 
rangelands. The co-authors of this summary paper were asked to review a sample of contributions and 
identify important issues, knowledge gaps, and evolving research approaches. This process would help 
identify a way forward for future congresses.

Methods 

Authors were assigned different sub-themes to review. There was flexibility in what could be empha-
sized. Ash and Irving examined submissions for sub-themes (1) and (3) to (5) to identify key, recurrent 
insights, assessing 103 papers and 50 posters in total. In contrast, Coppock examined submissions for 
sub-themes (6) and (7) with a focus on the global distribution of work and the evolution of field methods.

Findings 

Sub-theme: Rangeland Ecology 

A sample of 49 submissions in this category were reviewed. As expected, the breadth of topics cov-
ered was too great to be captured in detail here. Thus, this review is limited to general observations. 
Although the keynote speaker for this sub-theme (Smith, 2022) noted that rangeland systems degraded 
from overuse by livestock comprise only a small portion of global resources, singular studies indicate 
that rangeland degradation remains as a serious challenge (Treydte et al., 2022). One common form 
of rangeland degradation continues to be invasion by woody species. This ecological transformation 
is almost universally viewed as negative. One paper in this group, however, noted an improvement 
in rangeland condition associated with an increase in tree cover for an area that had endured extreme 
woody reduction due to cutting for fuel, building materials, and overgrazing (Nyaga et al., 2022). In-
vasive species are commonly noted as being a significant threat to global biodiversity, possibly second 
only to impacts from climate change (Mutua and Chiuri, 2022). A new invasive species that has moved 
from South America to Kenya (Parthenium hysterphorus) represents a trajectory from the New World 
to Old World that is a contrast to patterns typically reported. Overall, land-use change continues to be a 
concern for ecologists, especially for places that occur on the productive interface between agriculture 
and rangelands (also see below). Finally, climate change has been speculated to reduce the resilience of 
global rangelands in response to what one paper described as system shocks (Treydte et al., 2022) such 
as severe drought or catastrophic fire. 

The compendium of papers in the ecology theme covered a wide variety of topics that were significant in 
expanding global science. One subset of work can best be described as descriptive studies of the physi-
cal environment. Alamin and Hassan (2022) described a new rangeland type in Sudan, while Mitchell et 
al. (2022) reminded us that the occurrence and germination of plants from a soil seed bank in Australia 
does not have the same dominance pattern as occurs in the parent sward. In other words, perennial spe-
cies were poorly represented in seed banks that were dominated by ephemeral species.

There was another suite of papers dealing with livestock grazing behaviour on rangelands, many of 
which were focused on investigating locally adapted animals. Some studies investigated influences of 
novel livestock species, mostly documenting introductions of small ruminants into systems previously 
dominated by large ruminants (Schneider et al., 2022). Other studies examined novel strains of animals 
within the same species that are well-adapted to local situations (Pauler et al., 2022). Locally adapted 
strains were generally already known to local producers, but initially unknown to researchers. Novel 
situations were also detailed where established management practices, such as multiple cutting of brush, 
were deployed in new and different environments (Wedel et al., 2022).
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There were also descriptive studies of practices to better manage rangelands. Treatment layering—
namely, the application of simultaneous or subsequent sets of treatments to help manage or solve the 
same rangeland problem—was commonly reported, especially for woody invasion challenges (Wedel et 
al., 2022). Treatment layering could be comprised of repeated applications of prescribed fire, prescribed 
grazing, or livestock herding in various combinations. Kreuter et al., (2022) described use of commu-
nity-based, prescribed-burning associations to enhance the use of prescribed fire where periodic miti-
gation of catastrophic fire events is required. Community-based approaches can help spur adoption of 
prescribed fire methods by spreading the risk from a few individuals to a larger group of resource users.

Climate-change mitigation and drought readiness was a common theme amongst numerous studies (Oli-
va and Gaitan, 2022; Muller et al., 2022), with some duplication with submissions to other sub-themes 
(see below). The Ecology section papers mostly studied soil carbon and its response to various grazing 
regimes or treatment applications, information that could be used to aid predictions for a more global 
discussion of climate change.  In general, moderate stocking is promoted as a means for rangeland man-
agers to better survive droughts and promote soil carbon storage (Liu et al., 2022). Providing support for 
traditional grazing practices was another common research topic. Some studies promoted expansion of 
deferred grazing systems via the use of livestock exclosures (Abdulahi et al., 2022). Others investigated 
constraints limiting a return to traditional grazing practices based on restoration of mobility (Manzano et 
al., 2022). While the benefits of mobile pastoralism are well appreciated in many systems, it is also true 
that traditional grazing practices based on sedentary attributes can also be valued. Sometimes thresholds 
based on human population growth or intensive resource use may be crossed to a point where a return 
to historical practices (i.e., mobility) is no longer possible.

Sub-theme: Drought Management and Climate Change 

Adapting to droughts, climate variability, and climate change with appropriate and timely management 
strategies is a huge challenge for rangeland managers and pastoralists. This is especially true for those 
managing livestock where the base forage supply is already highly variable from year to year. Materi-
als reviewed here include a plenary talk (Howden, 2021) along with a sample of 18 oral papers and 22 
posters.

Effective drought management requires early action. Whilst many such actions have been identified, 
Bulle (2022) argued that drought management strategies to reduce livestock mortalities—including de-
stocking programs, supplementary feeding, provision of early warning information, water development, 
and veterinary services—are usually introduced too late during drought events and most have little em-
phasis on ecosystem sustainability. Attempts to identify early warning tipping-points in ecosystems to 
help inform timely actions are elusive (Klingenfuss, 2022). In developing drought management strate-
gies, there needs to be better integration of producer expertise with science-based approaches. This was 
highlighted in a study by Brinkmann et al. (2022) who noted the challenges of differences in coping 
strategies, with pastoralists or farmers focused on short-term responses while scientific experts pro-
moted longer-term management strategies.

In his plenary address, Howden (2021) highlighted changes in rainfall variability will have as much im-
pact on rangelands as will changes in total rainfall. Further, changes in rainfall seasonality patterns will 
likely cause changes in plant species composition of rangelands (Zhou and Du, 2022). The most damag-
ing trends for livestock production will occur in rangeland regions that are already the most vulnerable 
in terms of productivity and socio-economics (Godde et al., 2022).

Adapting to climate change will be crucial if livelihoods from rangelands are to remain viable. However, 
very few oral papers at the congress addressed climate adaptation measures. A few of the poster papers 
did provide some options on better managing forage supply in response to a more variable climate. A 
large diversity of adaptation options on- and off-farm (or ranch) have already been developed, includ-
ing approaches that vary from tactical to strategic and incremental to transformational (Howden, 2021). 
Working with ranchers shows that positive outcomes can be achieved where there is a focus on imple-
menting practices that increase resilience to climate change while balancing other risks (Brinkmann et 
al., 2022). Other studies highlighted the importance of understanding the limits to climate adaptation, 
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how to remove barriers to adaptation, and how to better integrate adaptation strategies with emission-
reduction strategies for greenhouse gases.

Climate change mitigation options include improved farm or ranch management, direct reductions in 
methane from livestock, carbon sequestration in soils and vegetation, and reducing losses and wast-
age in food systems. Results from Kenya (Ndung’u et al., 2022) showed that emissions from livestock 
systems are highly variable, and in a conclusion that challenges conventional wisdom, the best low-
input systems can be as emission-efficient as industrial-style intensification. Increasing soil carbon in 
rangelands has production trade-offs, and increasing woody vegetation (i.e., Leucaena hedgerows in 
semi-arid rangelands) doesn’t always lead to significant increases in soil carbon (Banegas et al., 2022). 
Further, using rangelands for carbon sequestration needs to consider future climate change to ensure 
optimum landscape use for carbon abatement, but this issue is rarely considered in policy-led, carbon 
sequestration initiatives (Waters et al., 2022). 

Sub-theme: Livestock Production Systems 

Livestock production has been a major area of interest in past rangeland congresses. In this congress, 
however, there were just 18 studies submitted with only four focused on the biophysical aspects of in-
creased livestock production. The remaining 14 contributions covered broader aspects of livestock pro-
duction including grazing systems, sustainability, crop-livestock interactions, food security, livestock-
wildlife interactions, socio-ecological drivers, and market interactions.

In his plenary address, Smith (2022) highlighted that despite societal concerns about environmental 
challenges of livestock production, in rangelands livestock help support the livelihoods for 200 million 
households globally. Rangeland production systems can also provide co-benefits from ecosystem ser-
vices (i.e., carbon sequestration and biodiversity).  A number of papers and posters were focused on how 
grazing management can achieve both production goals with improved environmental outcomes. Most 
studies suggest that balancing forage production with stocking rate is key, with the grazing system per se 
being of less importance for production, although rest from grazing can benefit land condition and plant 
species richness (McDonald et al., 2022).

Whilst grazing systems receive much attention in the rangelands of wealthier nations, a large global 
survey of producers identified feed shortages as the main constraint to improved livestock productiv-
ity in Africa and Asia. Improvements in livestock productivity require a comprehensive systems ap-
proach that addresses all constraints simultaneously i.e., nutrition, genetics, health, finance, markets 
(Duncan, 2022). The concept of systems approaches to achieve better outcomes in livestock production 
has led to the development of various frameworks to assess multiple values, benefits, and trade-offs to 
help decision-making where rangelands are providing multiple functions (i.e., wildlife habitat, symbi-
otic reciprocity among different users—Wedderburn et al., 2022; Michler et al., 2022; Malhotra and 
Nandigama, 2022). Smith (2022) concluded that for livestock systems in rangelands to be sustained, 
rangeland managers and pastoralists need to embrace change, harness diversity, and engage widely with 
different stakeholders.

Sub-theme: Wildlife, Tourism, and Multi-Facets of Rangelands 

This is another relatively small category with only 18 papers submitted. Key issues, however, are appar-
ent. In general, it is almost universally accepted that any practice, policy, or application that maintains 
open spaces on grasslands and rangelands will be good for wildlife and other non-agricultural goods and 
services (Reid, 2022). Community-based tourism—where local communities are intricately involved in 
the management of local resources, including large wildlife species—is a research topic of intense inter-
est, especially in Africa (Das, 2022).

Conservancies are a specialized form of community-based tourism. Conservancies are relatively com-
mon in Africa and specific examples are provided by Parmisa and Kitengela (2022). There have been 
successes in adding value for large wildlife species for local communities so that systems can better tol-
erate negative effects of livestock on natural ecosystems. There is cause for concern, however, as some 
conservancies in dry lands are also being transformed to towns and croplands as human populations 
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grow. For example, local herding groups can become villages, villages can become towns, and there is a 
general tendency for agriculture to expand—all of which can result in a reversal of conservancy benefits 
for wildlife (Galvin, 2022).

The challenge of rangeland cultivation and land-use conversion to annual crops was also noted as a rap-
idly developing problem in the Pampas of Brazil, where highly productive native grasslands are being 
converted to soybean plantations (Moreira et al., 2022). The dynamic challenges of such land conver-
sions are apparent in this example, as cultivation of soybean destroys natural vegetation, raises land 
prices, and changes the landscape and habits of producers. In addition, the conversion process diversifies 
production and generates more income for ranchers, who then become mixed farmers who need to cre-
ate marketing and fodder alternatives for cattle (Moreira et al., 2022). Local wildlife (some of which are 
migratory) then absorb the loss of resources while the local economy receives the gains. This may be a 
situation that is playing out on a global scale.

Papers that document problems associated with the conversion of rangelands to cultivated fields may 
be the most consequential for this congress. They collectively point to incremental changes that might 
be indicative of much larger challenges to come. Perhaps one statistic can summarize where rangelands 
and the associated wildlife are at on a global scale, namely that an incredible 96% of all mammalian 
biomass on the planet is now comprised by either humans or their livestock (Treydte et al., 2022).  That 
fact should make us wonder where large wildlife populations and associated suites of other natural life 
forms is headed, given that human populations continue to grow, requiring that range landscapes be 
converted to farming.

Sub-themes: Pastoralism, Social Issues, Institutions, and Innovations 

The focus in this sub-theme shifts to an analysis of the global origins of papers as well as an overview 
of evolving research approaches.

The 62 papers reviewed for these sub-themes were unevenly distributed around the globe. There were 
considerably more submissions overall from the Global South when compared to that for the Global 
North. Only 11 percent originated from North America and Europe, while over half (54 percent) origi-
nated from Africa, Latin America, the Middle East, and central or southern Asia. There were no submis-
sions from Australia (Fig. 1).

Figure 1. Global distribution of 62 paper submissions by region for pastoralism and related topics, 
Joint XXIV IGC and XI IRC, October 2021. 

Sixteen percent of papers offered a global perspective, while the rest were specific to regions, nations, or 
localities. Overall, the attention given to different biomes was fairly well balanced considering temper-
ate, tropical, or subtropical situations. For example, temperate settings were well-represented by China, 
Mongolia, Central Asia, North America, Europe, and parts of the Middle East. The tropics and subtrop-
ics were well-represented by Africa, Latin America, and southern Asia.
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In terms of research approaches, 73 percent of papers were based on mixed methods (i.e., social and 
environmental sciences). Twenty-five percent of papers were only based on social science. Two percent 
were only based on environmental science (i.e., ecology, biology, climate, etc.).

Social science questions and methodologies thus dominated these submissions overall. Examples of 
common social-science perspectives included a focus on livelihoods, policy constraints, gender, co-
production of knowledge, participatory research, governance, valuation of ecosystem services, political 
constraints, and creation of human and social capital. Research methods relied heavily on social surveys, 
interviews, focus groups, participatory engagement, action research, land-use planning, and role playing 
among project stakeholders. In seven percent of cases research involved use of simulation models to 
organize research and illustrate support for recommendations.

Discussion

A significant number of papers in the Ecology stream (Theme 1) is an extension of current knowledge 
into new regions.  Some specific examples are new description of seed bank responses, new examina-
tions of locally adapted species and strains of livestock, and applications of established methods such 
as prescribed fire or targeted grazing to new areas for woody control, rangeland use enhancement, or 
improved livestock production.  Climate change mitigation and adaptation is perhaps a new theme to 
an old challenge of drought preparedness.  There was a recurring observation, evident in several papers, 
that moderate stocking rates by livestock improved sustainability as reported in new research (enhanced 
carbon sequestration) and to manage old challenges (ability to withstand drought).  There is also a resur-
gent interest in practitioner knowledge and a return or maintenance of locally sustainable management 
practices as a way forward for many rangeland management challenges.

Although livestock production remains a critical output from the global rangelands, research on how to 
improve animal performance was only a minor component of this IRC. This reinforces a trend of placing 
range livestock production in a broader ecological and social context. This pattern has its origins follow-
ing the II IRC (Adelaide) with a plea from Box (1986) who noted:

“It (this congress) did not adequately address rangeland products other than livestock. To focus on com-
mercial pastoralism, a human lifestyle of developed nations, is to further marginalize the people issues 
of rangelands.” 

Some traditional livestock or grazing issues, however, continue to receive attention after many decades 
of research and debate. For example, quantifying the advantages and disadvantages of different grazing 
systems still provokes considerable interest (di Virgilio et al., 2019), and this was also addressed at this 
IRC. This will likely remain as an important topic of future study, despite that livestock production in 
general may be receiving less attention.

Despite a clear appreciation of the emerging implications of global climate change (i.e., Howden, 2021; 
Godde et al., 2022), it was surprising that very few papers explicitly addressed climate adaptation op-
tions for pastoralists and other rangeland users. It is difficult to explain this anomaly, as there is an 
increasing number of studies in the wider literature on climate-adaptation for agriculture, including 
rangelands. A few papers here examined drought preparedness, raising the question: Does the lack of 
specific papers on climate-adaptation reflect a view that options for simply dealing with weather vari-
ability (i.e., droughts, floods, heat, etc.) are sufficient? It would be disturbing if this is the case because 
the wider literature is quite clear about the urgent need for transformational change to address climate 
change in agroecosystems. Hopefully, there will be a stronger contribution on climate-change adaptation 
at the next IRC.

Overall, it is clear the vast majority of research approaches reviewed under the pastoralism and related 
sub-themes involved a robust mix of social science with environmental science. This makes sense given 
that most projects had a goal to improve resource management and/or livelihoods, and thus there is a 
need to better understand stakeholders and encourage long-term buy-in for sustainable problem-solving. 
This philosophy embodies a “social-ecological systems” (SESs) perspective (Ostrom, 2009; Partelow, 
2018). In the big picture, this shift from traditional, descriptive, and disciplinary biophysical research 



xliii

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

(Box, 1986) to complex interdisciplinary work that tackles real-world problems is both necessary and 
remarkable. This indicates that the cadre of rangeland professionals attending the IRC has collectively 
embraced “research for development,” a new way of working advocated by Ashby (2003). 

The SES approaches employed by congress participants, however, are “organic” with respect to genesis 
and very diverse. This is understandable given the high diversity of investigators including researchers, 
practitioners, community members, etc. In most cases, there appears to be no reliance on a unifying 
scholarly SES framework (i.e., SESF; Ostrom 2009) that can be used to more efficiently to integrate 
social and environmental research components. The pattern for most studies at this IRC, rather, seems to 
be idiosyncratic as social science research is used to characterize the human dimensions of a certain situ-
ation, while environmental research is used to characterize the natural resource concerns. Cross-links 
between social and environmental spheres can thus be lost without a standard approach. One excep-
tion, however, is work carried out by Huber-Saanwald and colleagues (2019) where different research 
sites (i.e., “participatory observatories”) are studied using the same set of integrated research questions. 
There have been other attempts to distil a comprehensive SESF that can accommodate many types of 
natural-resource management situations and generate comparable sustainability indicators (Partelow, 
2018). It may be useful if investigators study ideas embodied in the analysis by Partelow (2018) or 
adopt concepts from Ashby (2003) and use a more standardized SESF approach in the future. This can 
help grow “sustainability science” in the drylands (Ashby, 2003). Similarly, foundational approaches for 
“action research” (Whyte, 1989), participatory rural appraisal (Chambers, 1994), or innovation systems 
(Röling, 2009) are also uncited by IRC investigators. Embracing a standardized knowledge base and re-
fining ways of working among peers is more likely to happen if there are incentives to do so. Incentives 
in this case can be facilitated by more education on SES and action-oriented methods for researchers, 
change agents, and community members. 

Policy concerns are important in 61 percent of the papers in the subthemes covering pastoralism and re-
lated topics. And although policy concerns are a common backdrop for projects, “hard” policy analysis 
is very rare. Authors often contend that policy makers do not understand or adequately value pastoralism 
or rangelands when making important decisions. This can lead to situations, for example, where key re-
sources (i.e., water, land) are annexed from rangelands by external actors, resulting in the destabilization 
of pastoral production systems. That variable rangeland ecology requires producers to manage risk via 
mobility and household diversification appears to be under appreciated. Policy makers often come from 
non-pastoral backgrounds and lack the necessary frame of reference for decision- making concerning 
rangeland management or rangeland development. One intervention often forwarded by investigators is 
to better inform policy makers as to why rangelands and pastoralists are important and thus deserving of 
more aggressive and relevant policy support. Action-oriented interactions must replace our seemingly 
ineffective engagement with policy makers. We need to better understand the wants and needs of policy 
makers with respect to decision-making that affects the world’s rangelands. 

The arguments about policy above make perfect sense, but such challenges have existed for many years 
(Galaty et al., 1981). We thus should ask ourselves why so little progress has been made? Alternative ap-
proaches for the next IRC (Adelaide 2025) could be to focus more attention on integrating policy makers 
into rangeland and pastoralism projects at the start, and make policy makers themselves another cadre of 
human subjects in SES investigations.

One last observation from the body of work concerning pastoralism and related sub-themes is why 
there is such an imbalance in the paper contributions from the Global North versus that for the Global 
South (Fig.1). Rangeland systems in the developed world (i.e., Europe, USA, Canada, Australia) matter 
greatly, so why are their contributions relatively limited? One impression is that scholars in the develop-
ing world may more readily recognize the IRC as a key forum for their work, leading to more innova-
tion in terms of adopting SES approaches. There are many possible reasons why such an unbalanced 
pattern occurs. The simplest explanation deals with scientific traditions. It is speculated that research in 
the economically developed Global North is more conventional and disciplinary in response to research 
funding that continues to emphasize technical studies, discount the human dimensions, and limit direct 
involvement with systemic problem-solving. The latter is neglected because of the high transaction costs 
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of interdisciplinary or community-based research (Coppock, 2019). Research incentives in the Global 
North would need to change if the playing field is to be levelled with that of the Global South (Whitmer 
et al., 2010). 

Conclusions

Based on our review, compared to the past, it appears that traditional, disciplinary studies focused on 
topics such as range livestock production, forage production, and grazing management have become 
more diminished. The trend in paper submission to the IRC is towards more social-ecological systems 
(SESs) research underpinned by interdisciplinary research. Social science investigation is increasingly 
based on community participation and action-oriented efforts to better engage stakeholders and solve 
problems. The reliance on SESs may, however, be strengthened as a form of “sustainability science” 
with more attention to methodological rigor. At the next IRC we fully expect that more attention will be 
given to topics such as climate-change adaptation and mitigation, ecosystem services, community-based 
development, human empowerment, market development, poverty mitigation, and creation of effective 
policy frameworks. More efforts are needed to better unite work in the Global North with that of the 
Global South. 
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Abstract

This summary used as its main sources the plenary and keynote papers and talks in Sub-theme 2: Forage 
Production and Utilization and Sub-theme 3: Livestock Production Systems as well as a sampling of oral 
talks presented at the XXIV International Grassland Congress (IGC).  This IGC was held virtually and 
jointly with the International Rangeland Congress and hosted in Nairobi, Kenya during 23-29 October 
2021.  The XXIV IGC was also the first to be held on the African continent in Congress’ 94-year 
history.  The summary is further focused on that information presented under the concept “cultivated 
grasslands” (e.g., a small number of species exposed to high management inputs) and is independent of 
the rangeland summary presented elsewhere in these proceedings. As with all previous IGCs, pasture 
productivity, quality, and persistence were emphasized, but understandably, mainly for aspects relevant 
to Africa and the tropics. However, carbon sequestration, pasture resilience, adaptation, and greenhouse 
gas mitigation were addressed as part of cultivated grassland management.  These additional concerns 
will challenge everyone as new technological advances are deployed into global agriculture.  Impacts 
on social, environmental, and economic issues remain important, but ill-defined. Future considerations 
include improving research and out-reach programs for the tropics, but especially adaptation of both 
tropical and temperate systems to projected climate change issues such as higher temperatures and 
inconsistent rainfall for all geographies.  Fitting the current sustainability narrative to the science and 
not the other way around is important going forward.  Finally, one must keep in mind how pastoralists 
and producers will be impacted with any future research projects and policy changes.

Introduction

The objective of this paper is to provide a summary that highlights important topics and key points 
pertaining to grasslands that were presented in the 2021 Joint IGC and IRC. Out of the 7 keynote 
presentations,  173 oral presentations, and 219 poster presentations, a definition of what constitutes a 
grassland compared to a rangeland would be needed. Using the broad differentiation between grassland 
and rangeland as cultivated versus native ecosystems (Caradus, 2021), this summary focused on 
“cultivated grasslands”. 

Cultivated grasslands are often made up of a small number of plant species, management is normally 
intensive and the inputs are high, whereas rangelands are complex ecosystems consisting of numerous 
plant species, management is extensive, and there are limited inputs. With this definition in place, the 
focus for this summary centered on the plenary address by Jank, et al. (2021), and the keynote addresses 
by Caradus (2021), and Smith (2021) as well as highlights of talks from Sub-theme 2: Forage Production 
and Utilization and Sub-theme 3: Livestock Production Systems.
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Cultivated Grasslands: Plenary and Keynote Addresses

Looking back at the 10th IGC in Helsinki, Finland (1966), Finland’s Minister of Agriculture emphasized 
“Grassland research in Finland should be intensified with the objective of increasing yields per hectare, 
as well as improving the quality and efficiency of utilization” (Allen, et al., 2021). This prevailing 
attitude of the time was probably bolstered by the commonality that most of the attendees had first-
hand experiences of how World War II devastated the food supplies across the globe. There were also 
predictions by Paul Ehrlich and others, promoted extensively by the press, of looming worldwide 
famine due to human over-population. That mindset led to  the Green Revolution, and an emphasis on 
high yields and the use of fertilizers that likewise put a heavy importance on maximizing production of 
cultivated grasslands. 

Fast-forward 55 years to the current 2021 Joint IGC-IRC in Kenya  where the plenary address by Jank 
(2021) defined new standards for cultivated grasslands. Similar to the standards defined at the Helsinki 
congress, there remains an emphasis on pasture productivity, quality, and persistence, but now an added 
emphasis on carbon sequestration, pasture resilience, adaptation, and greenhouse gas mitigation. Also, 
novel compared to the Helsinki congress was how pasture sustainability will contribute to positive 
social, environmental, and economic impacts. Thus, there has been a notable shift from a singular focus 
on maximizing pasture productivity to now include sustainability of cultivated grasslands and how this 
fits into the global ecosystem. 

In his keynote address, Caradus (2021) went further and defined challenges for the new standards within 
cultivated grasslands. With the new emphasis on enhanced environmental consciousness, caution is 
warranted. The integration of large numbers of agritech developments into current pastoral systems may 
have unintended consequences that negatively impact sustainability of grasslands. This will challenge 
farmers and society as whole.

In his keynote address on livestock production, Smith (2021) encouraged the engagement of critics on 
the facts surrounding livestock impacts on greenhouse gas production as well as sustainability.  To meet 
sustainability goals and continue to reduce greenhouse gas emissions, production on a per animal basis 
must be increased.

Cultivated Grasslands: Sub-Theme 2: Forage Production and Utilization Highlights

There were 40 oral presentations and 81 posters presented in 11 topic areas for this sub-theme.  Across 
these topical areas was the consensus that production is still a key goal although achieving sustainability 
within production systems was an ever-present theme throughout most of the presentations.  A few 
noteworthy highlights were found for a selected number of the topics.

For the topic Grass Research in Kenya and Other African Countries, it was shown that starting in Brazil 
in the 1950s, the two grass genera (Urochloa and Brachiaria) have continued to expand their use and 
importance throughout the tropics.  There was excellent research presented from Kenyan scientists on 
agronomic studies to determine growth, production, and utilization in Africa, as well as evaluating new 
cultivars.  There still seems to be confusion over taxonomy differences between the two genera that 
needs to be resolved.  

For the topic Tropics and Tropical Genetic Resources, several talks reemphasized the importance of 
tropical agriculture and especially the conservation and stewardship of its genetic resources.  More 
collections are needed, and accessions identified and curated.  Gene banks need to be better funded and 
resourced.

For the topic Forage Breeding and Genetics, reviews were presented around temperate/tropical breeding 
successes. There was also a continued emphasis from past IGC conferences on implementing modern 
forage improvement methods, including biotechnologies, but not at the level of recent previous IGC 
conferences. However, this is to be expected with the Congress’s emphasis on tropical species where 
applications (and costs) for biotechnologies are still to be determined.
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For the topic Forage Legumes for the Tropics, the greatest challenge is to increase the adoption and use 
of forage legumes especially tropical legumes. Research on grass-legume mixtures found that they are 
still the best way to increase fodder nutritive quality and reduce N fertilizer use but were also reported 
to achieve positive greenhouse gas balances.

Cultivated Grasslands: Sub-Theme 3: Livestock Production Systems Highlights

There were 27 oral presentations and 29 posters presented in 7 topic areas for this sub-theme. One 
issue that emerged was around the topic of management intensive grazing where there is not a global 
one size fits all scenario.  Short-term high-performance pastures are a great example of pushing animal 
production on pasture to their genetic limit while taking advantage of environmental opportunities.  As 
climate patterns continue to produce larger weather extremes, methods to take maximum advantage 
of environmental opportunites must continue to be explored.  In addition to weather, identification 
of stakeholder socio-economic hurdles that limit pasture-based livestock production in economically 
challenged regions of the world must continue.  Advances here will permit producers to not only feed 
their family, but make a profit as well as contributions to feeding the global population.

Another important topic in several presentations was balancing production and sustainability where 
short-term gains result in long-term losses if maximal productivity is favored over sustainability.  
Rest-grazing systems were also reported to achieve greater productivity in the long-term compared 
to continuous grazing.  As intensification continues, one must not be tempted by short-terms gains. 
Producers must continue to explore opportunities to bring grazing animals back to pasture, such as in 
intensive dairy operations where meat production on pasture could be optimized alongside production 
of dairy products.  

Under a topic that could be labelled as drought, desertification, and degradation, there has been an 
unfortunate narrative change over time. The narrative evolved from an example of short-term gains in 
livestock productivity favored over long-term sustainability of the grassland through overgrazing and 
overuse contributing to degradation and desertification of pastures to a narrative where grasslands were 
an environmental solution as an ideal use of land in increasingly harsh climates. Now grasslands used 
for livestock production are again being criticized as a greenhouse gas source problem.  This needs 
to change through educating policy decision makers and the general public that the coexistence of 
grassland and livestock management is still a solution to land degradation.  Implementing drought-risk 
financing to build resilience was a very good suggestion.  

Conclusion

Future considerations for the IGC include improving research and out-reach programs for the tropics 
as well as how cultivated grassland can adapt to the current climate change narrative, especially the 
projected higher temperatures and inconsistent rainfall.  Grassland scientists must also fit the sustainability 
narrative to the science and not the other way around, and scientists must not forget the pastoralists and 
how they can capitalize on possible future economic opportunities such as carbon sequestration.  All 
grassland scientists must continue to do good science, communicate findings to peers and decision 
makers, and steer the current sustainability narrative in the right direction, possibly even into the schools.
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Abstract
Rangelands and pasturelands are often assessed using different methodologies. The Interpreting 
Indicators of Rangeland Health and Pasture Condition Scoring methodologies, two techniques used 
widely across the USA, were developed for rangelands and pasturelands respectively. These two 
grazingland assessment techniques were determined to be complementary and if integrated could 
provide an optimized approach to measure grazinglands without regards to specific use (i.e. range or 
pasture). We present an improved grazingland assessment protocol that merges indicators and attributes 
from Interpreting Indicators of Rangeland Health and Pasture Condition Scoring methodologies. This 
Integrated Grazingland Assessment (IGA) approach allows evaluators to assess site conditions and to 
make interpretations regarding management based on site-specific attributes (soil and site stability, 
hydrologic function, biotic integrity) that can potentially optimize the ecological potential and livestock 
carrying capacity of a site. The IGA provides a way of detecting changes in these ecological attributes 
relative to a site's ecological potential. The IGA can also inform land managers about the utility of an area 
for livestock production or factors that could be keeping the area from operating at its full productive 
potential, while accounting for the different management objectives (e.g. increase productivity while 
maintaining native rangeland, optimizing seed mixes to improve planted pasture productivity) for the 
grazinglands where these methods are usually applied.

Introduction
In many parts of the world grazinglands have 
traditionally been assessed based on a particular 
use. Some are managed as pastures where the 
grazingland is devoted to the production of 
introduced or indigenous forage for harvest by 
grazing, cutting, or both; while others are managed 
as rangelands in which the native vegetation is 
predominantly grasses, grass-like plants, forbs, 
or shrubs that are grazed or have the potential 
to be grazed (Allen et al., 2011). In the United 
States of America, the most used rangeland health 
assessment protocol is the Interpreting Indicators of 
Rangeland Health (IIRH; Pellant et al., 2020) and 
the most common pastureland assessment protocol 
is the Pasture Condition Score (PCS; Ogles et al., 
2020). Individually, the IIRH protocol provides 
a detailed, site-specific ecological assessment of 
the area being evaluated while the PCS provides 
a broader ecological assessment that can be used 
as a monitoring and management tool. Together, 
these tools can provide an ecological assessment 

and management optimization approach for all 
grazinglands. An integrated grazingland assess-
ment approach would expand on the strengths of 
the IIRH and PCS methods to provide a detailed 
assessment of the ecological attributes of an area 
and inform management (Toledo et al., 2016). 
Relevant ecological attributes include soil and 
site stability, hydrologic function, biotic integrity, 
and livestock carrying capacity. These attributes 
contribute to forage/fodder production and to 
additional services such as sequestration of soil 
carbon (C), nutrient cycling, and prevention of soil 
erosion (Nelson 2012).

Materials and Methods
Experts in either or both types of assessments 
were convened into a focus group to determine 
method commonalities, differences, potential 
for unification, and potential for adoption of a 
new unified approach (Toledo et al., 2014). A 
field study using each assessment methodology 
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was performed at 4 different locations in the 
northern Great Plains region of the United States 
to determine methodological overlap and gaps 
(Toledo et al., 2014). This is a semi-arid to dry 
sub-humid region where most rangelands are 
dominated by perennial grasses. An integrated 
assessment methodology was developed based 
on qualitative and quantitative results from 
these efforts. Tests for the resulting integrated 
assessment methodology were performed at two 
different locations in the northern Great Plains 
region of the United States (Toledo et al., 2016).

Results
Focus group discussions suggested that most 
indicators in each of the two protocols could be 
combined into one common approach. Based 
on our data, we have identified redundancies 

between the two protocols in ecologically based 
indicators of cover, erosion, compaction, and plant 
vigor for this region. Quantitative comparisons of 
erosion indicators were correlated with indicators 
related to soil compaction; plant mortality was 
correlated with plant vigor; and litter amount 
was correlated with plant residue. Although 
statistically significant, the strength of the 
relationships between both protocols were not as 
high as predicted. It was especially striking to see 
that ero¬sion could be rated very differently by the 
two methods even at the same site, where it should 
be both quantitatively and qualitatively identical. 
The focus group also identified indicators that 
have no close matches between IIRH and PCS but 
are important in terms of ecology and management 
interpretation. These indicators included, but were 
not limited to, soil surface resistance to erosion, 

Ind No. Core Set of Qualitative Indicators Attribute

1 Rills SSS, HF
2 Water-flow patterns SSS, HF
3 Pedestals and/or terracettes SSS, HF
4 Bare ground % SSS, HF, LCC
5 Gullies SSS, HF
6 Wind-scoured, blowouts, and/or deposition areas SSS
7 Litter movement SSS
8 Soil surface resistance to erosion SSS, HF, BI
9 Soil surface loss or degradation SSS, HF, BI
10 Plant community influences on infiltration and runoff HF
11 Soil compaction layer (surface and subsurface layers) SSS, HF, BI
12 Functional/structural groups SSS, HF, BI
13 Plant mortality/decadence BI, LCC
14 Litter amount HF, BI
15 Annual production SSS, HF, BI, LCC
16 Invasive plants BI
17 Plant vigor BI, LCC (vigor)
18 Percent desirable plants LCC
19 Forage diversity LCC
20 Plant residue BI, HF, LCC
21 Percent nontoxic legume LCC
22 Uniformity of use LCC
23 Livestock concentration areas LCC

plant community composition and distribution relative to infiltration and runoff, uniformity of use, and 
livestock concentration areas.
Since the IIRH method provides a standardized, site-specific way of evaluating ecological indicators, 
the integrated assessment system recommends using IIRH indicators to assess soil and site stability, 
hydrologic function and biotic integrity. PCS indicators that are specifically related to the ability of an area 
to support a sustainable livestock grazing operation and were recommended for the integrated assessment 
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While the comparisons focused on semi-
arid grassland, we believe that the improved 
grazingland assessment system would be 
applicable to other types of grazinglands. It allows 
evaluators to assess site conditions, and to make 
interpretations regarding management based on 
site-specific attributes that can potentially optimize 
the ecological potential and livestock carrying 
capacity of a site. For site specificity, assessments 
rely on Ecological Site Descriptions and Forage 
Suitability Groups (in the USA). For areas 
where Ecological Site Descriptions and Forage 
Suitability Groups do not exist, it is important to 
develop references for each type of land based on 
land potential, as determined by soil, climate and 
topographic conditions.   

Discussion [Conclusions/Implications]
We developed an integrated grazingland 
assessment system that capitalizes on existing 

methodologies to make ecologically based 
assessments that can be used for evaluating the 
outcome of current management practices, and 
for identifying areas where those practices may be 
improved. This approach, combined with proper 
adaptive management, can optimize the ecological 
potential and livestock carrying capacity of a site 
over time. 
Management optimization requires the selection 
of management actions that will maximize the 
productive potential of a parcel based on a land 
manager's particular objectives and the ecological 
potential of an area. Management optimization 
through the introduction of agronomic inputs 
(e.g. irrigation, fertilization, etc.) can have 
both positive and adverse effects on ecosystem 
structure and function; such management actions 
require monitoring to maintain and improve the 
long-term sustainability of a grazing operation. 
Treatments in a degraded area are unlikely to 
have the intended consequences unless the factors 
causing degradation are addressed. The use of an 
ecological-based integrated assessment protocol 
will enable the identification of these factors, 
and facilitate adaptive management of all grazing 
systems, when used consistently and thoughtfully.
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are: percentage desirable forage species, forage 
plant diversity, plant residue, percentage legume, 
uniformity of use, and livestock concentration 
areas (Table 1).

Table 1. Twenty-three indicators of the integrated 
grazingland health assessment tool used to rate four 
attributes of grazingland health. The 23 indicators 
rate the following four attributes of grazingland 
health: soil and site stability (SSS), hydrologic 
function (HF), biotic integrity (BI), and livestock 
carrying capacity (LCC) (adapted from Toledo et 
al., 2016). 
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Abstract
Sudden regime shifts or tipping points pose a major threat to various ecosystems and people's livelihoods 
worldwide. However, tipping points are still hard to predict and often occur without warning. To 
avoid dramatic social-ecological consequences, it is crucial to understand tipping point behaviour and 
to identify early warning indicators. Previous studies have hardly implemented an integrated social-
ecological approach, which has led to a fragmented understanding and oversimplification of tipping 
point phenomena. Against this background, we present a systemic research framework that harmonizes 
ecological and social perspectives to gain a mechanistic understanding of tipping point behaviour. 
We utilize a social-ecological systems (SES) approach to identify drivers, consequences, and feasible 
preventive strategies. Our proposed framework consists of a retrospective, a comparative and a 
prospective perspective; each of them utilizes interdisciplinary studies in both sub systems at multiple 
scales. The research framework was developed by the members of NamTip, an inter- and transdisciplinary 
research project aiming to understand and manage desertification tipping points in Namibia’s semi-
arid rangelands. The NamTip project represents a practical implementation of the research framework, 
that uses an integrated, social-ecological study design combining the threefold approach with dynamic 
modelling. This includes analyses of time-series and archival data, experimental and observational 
studies, as well as scenario development and exploration of decision-making with local farmers. After 
the initial practical implementation and with our ongoing evaluation, we are convinced that such an 
ambitious and complex framework will guide the way to a profound understanding of tipping point 
phenomena and feasible management options.
Introduction

Climate change coupled with societies’ increasing 
demand for natural resources are a cause of major 
concern for ecosystem stability and health. When 

vulnerable ecosystems can no longer cope with 
environmental change, they might experience 
drastic regime shifts, or tipping points (Milkoreit 
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et al., 2018). Ecological tipping points may have 
dramatic consequences for nature and people, such 
as the loss of biodiversity and critical ecosystem 
services. Unfortunately, they are difficult to predict, 
and often come as unwelcome surprises (Milkoreit 
et al., 2018). Until now, only few attempts have 
been made to better understand tipping point 
behaviour from an integrative social-ecological 
perspective (Kéfi et al., 2016).

The art of studying ecological tipping points
Over the last decade, researchers have used 
different approaches to study ecological tipping 
points. These include the use of mathematical 
models (Plagányi et al., 2014), observational 
studies (Clark et al., 2013), historical ecological 
records (Lamentowicz et al., 2019), and remote 
sensing techniques (Krishnamurthy R et al., 
2020). As stated by Scheffer et al., (2009), 
only a smart combination of these different 
approaches in a unified framework will enhance 
our capacity to anticipate critical transitions. In 
this context, a social- ecological systems (SES) 
perspective is helpful (Schlüter et al., 2014). Due 
to the complexity of integrative studies, however, 
research with an SES perspective has tended to 
oversimplify either the social or the ecological 
subsystem of an SES (Lauerburg et al., 2020; 
Schlüter et al., 2014). At this point, we argue that 
an integrative SES perspective can yield valuable 
insights into ecological tipping point behaviour, if 
an effort is made to take a holistic approach from 
the onset of the project (Dearing et al., 2015). Such 
an approach should integrate natural and social 
science research as well as local stakeholders 
to achieve a better understanding of complex 
interactions (Linstädter et al., 2016).

Here we present a novel, integrated research 
framework for studying ecological tipping points 
in coupled SESs. By using an interdisciplinary 
project on ecological tipping points in dryland 
grasslands as an example, we demonstrate the 
strengths of our integrated SES approach.

A methodological framework for tipping point 
research
Characteristics of the study design
An SES is characterized by dynamic interactions 
and feedbacks between the social and ecological 
subsystems which occur between societal actors 
with different ecosystem functions. Therefore, 

a study approach is required that ensures an 
examination in equal depth on both subsystems 
to avoid an overrepresentation of one single 
subsystem (Linstädter et al., 2016; Schlüter et 
al., 2014). For this purpose, scales and indicators 
need to be carefully pre-defined and applied 
complementarily in both subsystems in order to 
understand processes at the individual, community, 
and landscape level (Kéfi et al., 2016; Linstädter et 
al., 2016).

Scheffer et al., (2009) defined early warning 
signals as general indicators for tipping points, 
which requires long-term observational studies. 
For practical reasons however, this is rarely 
feasible. Following recommendations of Likens 
and Lindenmayer (2012), we propose a set of three 
alternative approaches to study ecological tipping 
points. Specifically, we propose combining (1) 
a retrospective view on tipping point behaviour 
with (2) a comparative and (3) a prospective 
approach. A retrospective or historical perspective 
allows a closer view on previous tipping point 
behaviour by collating different types of social 
and biophysical records, such as ecological time 
series, environmental archives, and oral histories 
(Dearing et al., 2015). In contrast, a comparative 
perspective allows studying tipping point dynamics 
via a space-for-time substitution (Pickett, 1989). 
Finally, a prospective or experimental approach 
enables studies of tipping point processes in the 
critical time window before a tipping point is 
crossed. Prospective approaches are however 
difficult to perform in the social subsystem of a 
coupled SES, as system manipulations are for 
ethical reasons not feasible.

Means of Integration
Studying ecological tipping points in real-world 
social-ecological systems requires inter and 
transdisciplinary work. This in turn presupposes 
the integration of methods, knowledge, and modes 
of thinking from different scientific disciplines 
(Linstädter et al., 2016). For this purpose, careful 
deliberations across the teams regarding the 
different components of the study during the 
planning phase are crucial (Jahn et al., 2012). 
Alongside this process, the input of non-academic 
experts and stakeholders is essential to achieve 
transdisciplinarity (Liehr et al., 2017). Research 
activities should be structured on a modular basis 
for the integration of empirical research, reflecting 
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the different disciplinary parts of the study as well 
as their respective contributions to the studied 
tipping point.

Besides the three empirical approaches outlined 
above, dynamic modelling offers an alternative 
solution to study tipping point phenomena. 
Generally, it allows one to substitute or complement 
data acquisition if time series are not available and 
experimentation turns out to be difficult (Carpenter 
and Brock 2006). However, dynamic modelling 
is also useful if empirical data are available: it 
encourages work at the intersections of different 
conceptual references, facilitates a common 
understanding of key variables, and provides a 
structure to relate different datasets to each other. 
Throughout the planning and implementation 
process, the validity and value of multiple ways 
of knowing including local ecological knowledge 
must be acknowledged (Yeh     2015).

Practical example: Desertification tipping points 
in Namibian rangelands
The practical implementation of our framework 
is presented by the NamTip project. This project 
aims to better understand the social-ecological 
mechanisms that lead to the crossing of a 
desertification tipping point (DTP) in Namibia’s 
semi-arid grasslands. With its transdisciplinary 
approach, this project addresses ecological and 
socio-economic processes at different spatial and 
temporal scales. It uses an integrated, social-
ecological study design combining retrospective, 
comparative and prospective methods with 
dynamic modelling.

Retrospective approach
Due to the difficulty of detecting early-warning 
signals for tipping points in real time, annual net 
primary production (ANPP) is used as a key proxy 
to understand DTP behaviour retrospectively, as it 
has been shown that ANPP changes prior to a DTP. 
Moreover, social factors of DTPs are studied from 
the historical perspective including the exploration 
of the interconnections between local and broader 
social, political, and economic processes. Through 
literature and archival research, past and recent 
policies affecting rangeland management are 
also analysed (Menestrey Schwieger and Mbidzo 
2020). Furthermore, we conduct land use and 
land cover change analysis over the past 60 years 
based on historical aerial photographs to explore 

underlying land use history leading to today’s 
rangeland conditions.

Comparative approach
From an ecological perspective, the comparative 
approach aims to replace a time-series analysis 
with a temporal gradient analysis. Here, we 
study the ecosystem structure and function along 
differently managed grazing gradients, using spatial 
phenomena to understand and model temporal 
processes. At several farms and communities, 
transects are laid out from water points and paddocks 
in the direction to the camp or open grassland to 
study how different ecosystem components change 
along transects. The comparative approach in the 
social subsystem contrasts case studies within 
and across the two main land tenure systems in 
the region (freehold and communal land). This 
way, we assess the divergences and similarities in 
terms of management practices and institutions, 
perceptions regarding DTPs, as well as the different 
socio-economic effects of DTPs, including ‘best 
practices’ for avoiding DTPs (de Vos et al., 2019).

Prospective approach
The ecological approach aims to use experimental 
manipulations that simulate future scenarios of 
drylands crossing DTPs. With a full factorial field 
experiment (“TipEx”) we intend to push semi-arid 
savannah rangeland beyond a tipping point by 
imitating severe drought and grazing two relevant 
drivers of desertification (Adeel and Kalbermatten 
2005). During the experiment, we record ecological 
parameters to evaluate the treatment effects in a 
synthetic analysis of ecosystem responses. From a 
social perspective, we employ two methodological 
approaches to explore the decision-making 
processes of communal and freehold farmers in 
the face of future DTPs. By means of scenario 
development and implementation (Rounsevell 
and Metzger 2010), we assess farmers’ strategies 
to cope with DTPs under circumstances that are 
difficult to observe (or which lie in the future). 
We also employed a decision-making game to 
complement this approach. Here farmers are 
confronted with a specific set of socio-political, 
economic, and environmental circumstances under 
which they must take management decisions in the 
face of desertification.
Synthesis and dynamic modelling
Early-warning indicators of system shifts are the 
basis for proactive management strategies, which 
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need to be realistic and match local conditions and 
capabilities. Thus, we perform an interdisciplinary 
synthesis of local and scientific knowledge to 
explore early-warning indicators and management 
options. Furthermore, results of the empirical 
examinations and the interdisciplinary synthesis are 
integrated in an agent-based simulation model. The 
model explores the dynamics of coupled rangeland 
SESs in time and space under different processes of 
global change. It is specifically designed to capture 
feedback processes between ecosystem dynamics 
and farmers’ management strategies. This gives us 
a mechanistic understanding of the emergence of a 
DTP (including early-warning indicators) and how 
livelihoods of farmers are affected under changing 
system conditions.

Conclusion and outlook
The proposed framework for studying ecological 
tipping points in social-ecological systems 
combines tools and methods from previous tipping 
point studies or SES studies in a novel, highly 
integrated way. It allows a more holistic view 

on tipping points and can be applied in various 
ecosystems. The application of this framework 
within the NamTip project has been successful 
and accompanied by achievements, but has had 
its challenges as well. The social and ecological 
subsystem studies found common denominators 
and applicable scales, although a full evaluation 
and feasibility check is still ongoing. We encourage 
researchers aiming at a full understanding of a 
tipping point phenomenon to conduct similar 
efforts concerning their study framework.
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Abstract
Dry savannahs are water-limited and under increasing anthropogenic pressure. Thus, considering climate 
change and the unprecedented pace and scale of rangeland deterioration, we need methods for assessing 
the status of such rangelands that are easy to apply, yield reliable and repeatable results that can be applied 
over large spatial scales. Global and local scale monitoring of rangelands through satellite data and 
labour-intensive field measurements respectively, are limited in accurately assessing the spatiotemporal 
heterogeneity of vegetation dynamics to provide crucial information that detects degradation in its early 
stages. Fortunately, newly emerging techniques such as unmanned aerial vehicles (UAVs), associated 
miniaturized sensors and improving digital photogrammetric software allow us to transcend these 
limitations. Yet, they have not been extensively calibrated with rangeland functional attributes. In our 
study, we fill this gap by testing the relationship between UAV-acquired multispectral imagery and field 
data collected in discrete sample plots in a Namibian dryland savannah along a degradation gradient. 
The first results are based on a supervised classifier performed on the very high resolution multispectral 
imagery to distinguish between rangeland functional attributes, with a relatively good match to the field 
observations. Integrating UAV-based observations to improve rangeland monitoring could greatly assist 
in climate-adapted rangeland management.

Introduction
Land degradation in drylands remains one of the 
most serious environmental problems to these 
systems (Mansour et al., 2012), especially because 
productivity is already constrained by limited 
moisture availability (Millennium Ecosystem 
Assessment 2005; Middleton 2018). Despite their 
low productivity, their structurally and functionally 
diverse ecosystems serve as habitats for wildlife, 
are suitable for livestock rearing, play a dominant 
role in carbon sequestration, and support over 
two billion people (Millennium Ecosystem 
Assessment 2005; Smith et al., 2019). With such a 
high dependence it is no surprise that close to 30 % 
of drylands are estimated to be severely degraded 
(Millennium Ecosystem Assessment 2005). Thus, 
considering climate change and the unprecedented 
pace and scale of land degradation, it is crucial that 
methods assessing the status of such rangelands are 
rapid, easy to apply, yield reliable and repeatable 
results and can be applied over multiple spatial 
and temporal scales. The monitoring of rangelands 
at global and local scales through satellite-based 
information and field observations respectively, 

are limited in providing crucial information to 
detect degradation in its early stages. For example, 
while satellite-based remote sensing provide large 
scale automated and repeatable data products, 
imagery can be costly, their quality is affected by 
climatic conditions such as cloud cover and their 
resolution can be inadequate for detecting subtle 
changes especially in heterogeneous landscapes 
such as savannahs. On the other hand, although 
field-based observations provide fine-scale 
information, they are labour-intensive, intrusive, 
require field specialists and interpolations are 
based on a limited set of samples with inter-
sample information lacking. Fortunately, 
extensive progress has been made over the last 
two decades to integrate multiscale information 
that accurately map and monitor indicators 
of vegetation condition to provide answers to 
ecological questions (Lawley et al., 2016; Karl et 
al., 2017; Díaz- Delgado et al., 2019; Gillan et al., 
2020). Unmanned aerial vehicles (UAVs), better 
known as drones, with associated sensors are 
receiving increasing attention from the ecological 
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research community for monitoring vegetation 
and other ecosystem components (Assmann et 
al., 2019; Gillan et al., 2019; Alvarez-Vanhard 
et al., 2020). Yet, the relevant data processing 
and analysis methods are still largely ad-hoc and 
their application still requires standardization and 
extensive calibration (Gallacher 2019). These 
methods need to encompass the complexities of 
the systems in which they are used, especially if 
they are to be integrated for long-term monitoring. 
Our study uses field observations to evaluate the 
applicability of UAV-based multispectral imagery 
in assessing rangeland status in a dry savannah 
along a degradation gradient in Namibia.

Materials and Methods 
To assess rangeland condition, the research was 
conducted in a semi-arid savannah found in 
central Namibia a typical representative of dryland 
systems. A MicaSense RedEdge MX sensor (www.
micasense.com) mounted on a DJI Phantom 3 
Advanced (www.dji.com) drone was used to acquire 
imagery along a 1500 m degradation gradient with 
increasing distance away from a water point. The 
multispectral sensor captures images in 5 spectral 
bands (Blue – 475@20nm, Green – 560@20nm, 
Red – 668@10nm, Red edge – 717@10nm and 
Near infrared – 840@40nm), with radiometric 

calibration achieved through the use of a reflectance 
calibration panel and irradiance sensor (www.
micasense.com). The imagery was acquired in 
January and March 2020 (early and mid-growing 
season respectively) using the Pix4DCapture 
(www.pix4d.com) flight planning application. 
Flight height was 80 m above ground level, 
resulting in a 5.8 cm/ pixel resolution. This very 
high spatial resolution imagery was pre-processed 
in Pix4DMapper Pro (Pix4D, Switzerland, V3.3) 
to generate mosaicked, orthorectified reflectance 
images. Using the maximum likelihood classifier 
in ENVI, visual training data (Figure 1) were used 
to classify the images into rangeland functional 
attributes (RFAs) (bare, non-woody plants, and 
woody plants). To validate the drone-based 
estimates, field assessments using an adapted 
version of the line-point intercept method (Herrick 
et al., 2017) to estimate the RFAs cover by only 
recording the topmost canopy layer (bird’s eye 
perspective) were done in 9 x 100 m2 plots along 
the degradation gradient. The proportional cover 
of the three main rangeland functional attributes 
(RFAs) were estimated from the high resolution 
imagery and compared with field-based estimates 
in the early growing season (January) and mid-
growing season (March) along a degradation 
gradient.

Figure 1: Visual training data collection in ENVI using the region of interest tool and different band 
combinations to highlight different rangeland features (left composite: NIR-G-B for woody plants; 
right composite: G-NIR-B for non-woody plants)

Results
The general trend of the RFAs cover along the 
degradation gradient is similar between the 
UAV-estimates and the in situ estimates, with the 
largest difference found during the mid-growing 
season for bare ground and non- woody cover 
estimations, while the least difference (except for 
January at 0 m) was found for the woody RFA 
across the gradient and throughout the season 

(Figure 2). Both methods indicate that bare ground 
was higher in the early growing season, especially 
at the beginning of the gradient where the highest 
livestock impacts occur and the non-woody 
(herbaceous) cover increased along the gradient 
and as the season progressed. Although the UAV-
estimates captured bare ground in all the plots in 
the mid-growing season, the in situ observations 

www.micasense.com
www.micasense.com
www.dji.com
www.micasense.com
www.micasense.com
www.pix4d.com
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Discussion [Conclusions/Implications]
There is a relatively good match between the UAV 
estimated RFAs and the field-based observations, 
highlighting the applicability of this technology to 
assess the condition of rangelands. For example, 
in January at 390 m away from the water point, 
both methods closely estimated the cover of the 
three RFAs, while woody cover was most closely 
estimated by the two methods along the gradient 
and across the season. As expected, higher bare 
ground was found closest to the water point, which 
declined with decreasing livestock impacts along 
the gradient and as the season progressed (Figure 
2). During the mid-growing season, the field 
estimates did not record bare ground for the plots 
further away from the water point, largely because 
in situ observations are bound to sampling points, 
from which extrapolations are made, a limitation 
that may mislead the management of rangelands. 

This underlines the need to calibrate and integrate 
the rapidly advancing UAV technology, which 
offers a complete overview of the area of interest 
with greater flexibility, efficacy and sufficient 
accuracy for rangeland monitoring (Laliberte et al., 
2010), as evident in Figure 2. The first results from 
this research showcase how UAVs may be a better 
option for rapidly assessing heterogeneous systems 
to address a range of ecological phenomenon 
(Rango et al., 2009; Barnas et al., 2019) such as 
climate change impacts and land degradation.
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Figure 2: UAV and in situ estimated proportional cover of rangeland functional attributes (RFAs) for 
early and mid-growing season along a degradation gradient with distance away from a water point. 
The values in the yellow boxes indicate the difference of the UAV estimated proportional cover from 
the in situ observations

did not record any in the plots at 390 m and 1500 m along the degradation gradient (Figure 2).
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Abstract
Despite the importance for people´s livelihoods, many semi-arid African savannas are prone to heavy 
degradation due to overutilization by people, livestock and increased climate variability. Rangeland 
management, such as transhumance and deferred grazing systems, practiced by the Maasai in northern 
Tanzania, can be useful in combating the negative consequences of overuse and increasing rainfall 
variability. But little is known on how different rangeland regimes, practiced by the Maasai, impacts the 
productivity of these rangelands.

We collected data on regrowth rates under different rangeland management regimes (rainy season grazing 
land, dry season grazing land, and seasonal exclosures), different harvest rates (month, season) and 
additional, uncontrolled grazing (fenced, open plots). We conducted the experiment for two consecutive 
growing seasons 2019 (GS1) and 2019/2020 (GS2).

Grass regrowth rates were similar for all rangeland management regimes. During dry conditions in 
GS1 seasonally cut plots showed significantly higher grass regrowth compared to monthly cut plots, 
when fenced. Outside the fence grass regrowth was generally lower and similar for both harvest rates. 
During high rainfall conditions in GS2, seasonally cut plots showed higher grass regrowth independent 
of fencing. Regrowth rates of forbs were not impacted by any treatment during GS1. It increased by 5 
times during GS2, and was significantly higher in the seasonally cut plots then.

Our results suggest that recovery phases between heavy grazing events is crucial to maintain forage 
provision of the rangelands. Uncontrolled additional grazing can hamper the rangeland productivity 
during times of low rainfall, but seem not to have influence when rainfall is frequent. Traditional 
rangeland management is based on the concept of granting seasonal recovery periods, which seems to 
be an effective way to maintain rangeland productivity despite intense harvest and unpredictable rainfall 
pattern. Implementation and control of grazing plans are crucial, particularly during times of drought.

Introduction
Despite the importance of ecosystem services 
(ESS) for people´s livelihoods, around 60% of 
the assessed ESS are at risk due to degradation 
or unsustainable use (Millennium Ecosystem 
Assessment 2005). Particularly semi-arid and 
arid regions such as African savannas are prone 
to heavy degradation due to overutilization 
by people and livestock and increased climate 
variability (IPCC 2014; Castellano und Valone 
2007) Rangeland management can affect the long-

term sustainability of rangeland-ecosystem use in 
arid and semi-arid regions (Bremer et al., 2001; 
Weber und Horst 2011; Verdoodt et al., 2010). 
Transhumance, traditionally practiced by the 
Maasai ethnic group in eastern Africa, has been an 
efficient grazing management system for decades 
to cope with unfavorable climatic events and 
high rainfall variability (O'Farrell et al., 2009). It 
allows the herders to adapt the location of grazing 
sites according to the season, environmental and 
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rangeland conditions as well as to the type of 
livestock (Oba und Kaitira 2006). Moreover, the 
pastoralists in many regions of eastern Africa 
practice a deferred grazing system, which sets 
aside parts of the grazing land as calf-pasture and 
forage reserve during dry season. These exclosures 
contribute to the conservation of biodiversity 
and provide high plant biomass (Selemani et 
al., 2013). However, extensive logging during 
the 1940s and land use policies of the last few 
decades set incentives for pastoralists to settle 
down and to extend their cropping land. The 
establishment of large conservation areas resulted 
in land fragmentation and further increased the 
pressure on the remaining grazing land, with 
livestock densities of up to 3.8 TLU/ha (Oba und 
Kaitira 2006). Increasing fragmentation of the 
landscape and changing precipitation patterns 
are likely to further impact the sustainability of 
the Maasai pastoralism (Goldman and Riosmena 
2013). Despite these challenges, little research has 
been done on the impact of different management 
regimes, practiced by the Maasai, on the rangeland 
vegetation under high grazing pressure and 
increasing rainfall variability.

The objective of our study was to evaluate the 
impact of high grazing pressure on the rangeland 
productivity under varying rainfall patterns. 
We experimentally tested how the provision of 
forage is changed by different ways of rangeland 
management and how different rates of forage 
removal impact the vegetation. We expected a 
positive impact of seasonal livestock exclusion on 
vegetation parameter and higher regrowth rates 
when the recovery time between harvest events 
increased.

Materials and Methods
The study sites were located in the Maasai Steppe, 
Simanjiro district, Tanzania, which is characterized 
by a semi-arid savanna landscapes receiving bi-
modal rainfall two of around 600 mm per annum 
(Miller 2015). In our study region, different 
rangeland management regimes are practiced: 
rainy season grazing land (RSGL), which is used 
for grazing during the rainy season, dry season 
grazing land (DSGL), which is used for grazing 
during the dry season and seasonal exclosures that 
are reserved for young and weak livestock to graze 
during dry season, among the Maasai known as 
Alalili (Mwilawa et al., 2008). Two Alalili, were 
selected together with two control sites in the 
surrounding RSGL and DSGL, respectively. The 

study sites were exposed to similar environmental 
conditions.

At each site, two blocks were established that 
comprised the following treatments: two fenced 
1 x 1 m plots (‘fenced’) that were cut every 
month (‘month’) and after one growing season 
(‘season’), respectively; two 1 x 1 m plots outside 
the fence (‘open’) that were cut every month and 
after one growing season, respectively. Grass and 
forbs were cut down to 2.5 cm above the ground 
at the beginning of each growing season. After 
every month and once after one growing season, 
depending on the treatment, the vegetation was 
cut again and dry matter of the regrown vegetation 
was measured and added up for the whole growing 
season. The cutting experiment was repeated for 
two consecutive growing seasons: March until 
June 2019 (Growing season 1), and November 
2019 until February 2020 (Growing season 2). The 
data were analyzed using a linear mixed model 
with the fixed factors ‘rangeland management’ 
(RSGL, DSGL and Alalili), ‘grazing’ (fenced, 
open) and ‘harvest rate’ (month, season). Separate 
analyses were conducted for each growing season.

Results
Preliminary results show that the grass regrowth 
rate did not differ significantly between different 
types of rangeland management, neither during 
growing season 1, nor during growing season 
2. We found a significant interaction between 
‘grazing’ and ‘harvest rate’ for the regrowth rate 
of grasses (F1,33= 9.6, p= 0.003, see Figure 1) 
during growing season 1. Inside the fence, grass 
regrowth was higher when only harvested after the 
growing season (‘season’) compared to plots that 
were cut every month (‘month’). Outside the fence 
the grass regrowth rate was similar for both harvest 
rates, and generally lower than inside the fence. 
During growing season 2, the grass regrowth rate 
was significantly higher for plots that were cut 
after one growing season compared to monthly cut 
plots. Fencing did not have a significant effect on 
the regrowth of grasses.

The regrowth rate of forbs in our sample plots was 
not influenced by any treatment during growing 
season 1. During growing season 2 forbs regrowth 
rates doubled (F1,30= .04, p= 0.01) when plots 
were cut after one season compared to monthly 
cut plots. Mean forb regrowth rate during growing 
season 2 was around five times higher compared to 
growing season 1.
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Discussion [Conclusions/Implications]
Rainfall patterns are predicted to become less 
reliable over the next decades, particularly in 
sub- Saharan Savanna (IPCC 2014). Resilient 
rangelands and, thus, appropriate management 
of rangelands, are crucial. Traditional seasonally 
deferred grazing systems are common practice 
for many pastoralists in Eastern Africa (Mwilawa 
et al., 2008). Traditional rangeland management 
regimes, however, did not impact the provision 
of forage in our study, which might be due to the 
young age of our exclosures. Seasonal exclosures 
have been shown to provide higher ground 
cover and higher standing biomass compared to 
continuously grazed land, which is crucial for 
rangeland health and pastoralists. This positive 
effect got stronger, the older the exclosure was 
(Selemani 2014).

Different frequencies of simulated heavy grazing 
events were found to have a tremendous impact 
on the provision of grasses and forbs in semi-
arid rangelands. Short recovery periods after a 
simulated heavy grazing events might hamper 
the forage provision of rangelands in the long run 
(Briske et al., 2008). Ideal duration and frequency 
of recovery periods are still under dispute and vary 
depending on the surrounding conditions (Müller  
et al., 2007). Higher grazing frequencies and 

animal density can result in higher forage quality 
for the livestock (Schönbach et al., 2012). On the 
other hand, long-term exclusion of herbivores 
was promoted a useful method to restore already 
degraded rangelands (Allington und Valone 2011). 
For this study, we did not imitate nutrient cycles or 
effects of trampling, which might have influenced 
the vegetation further (Lezama et al., 2016). 
Further research on grazing frequency is needed 
before giving final recommendations.

We found that additional, uncontrolled grazing 
of livestock and wildlife, had a strongly negative 
impact when environmental factors were 
unfavourable. Continuous high grazing pressure 
can undermine efforts of sustainable rangeland 
management, resulting in higher percentage of 
bare ground, lower standing biomass and lower 
biodiversity (Habtemicael et al., 2015).

We conclude that traditionally implemented 
seasonal recovery periods can be a suitable tool to 
maintain rangeland productivity under increasing 
variability of rainfall pattern and high grazing 
pressure. Grazing plans that include recovery 
periods are crucial for the rangeland functionality 
and should be implemented and controlled to avoid 
high and continuous grazing pressure, particularly 

Figure 1: Mean grass biomass [kg/ha] regrowth under different grazing accessibility (fenced and 
open) and different harvest rates (after each month: black bars; and after one season: gray bars) in the 
community of Loiborsiret, Tanzania. The graphs show the results of the two growing seasons March- 
June 2019 (Growing season 1) and November 2019 – February 2020 (Growing season 2). A) Significant 
interaction (p<0.05) between grazing and harvest rate. B) The harvest rate influenced the biomass 
regrowth rate significantly (p<0.05), fencing had no effect. Vertical bars represent ± 1 S.E.
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in times of low precipitation.
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Can high density, short duration grazing replace fire in a South African mesic grassland?
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Abstract
High density grazing (HDG), defined as the concentration of many livestock on a small area for a 
short period of time has become increasingly popular in the South African mesic grassland yet little 
is known about it impact. HDG is usually applied without fire, based on the assertion that it is a key 
contributor to desertification of grasslands. However, fire plays an important role in the development 
and growth of most South African mesic grassland plant species, as it stimulates resprouting and reduces 
competition for light. The aim of this study was to determine the impacts of high density grazing on 
plant species composition and soil physical properties in a South African mesic grassland. Using a 
fence-line contrast, the objectives were to compare the impact of HDG with annually burnt firebreaks; 
one which was grazed and the other one which was not grazed, on soil compaction, ground cover 
and species composition. Soils under HDG and annual burning with grazing were 54% and 32% more 
compacted, respectively compared to annual burning with no grazing. High density grazing compared 
to annual burning irrespective of grazing resulted in four-fold more litter accumulation that can reduce 
irradiation received by plants and limit growth. Grass species diversity was 10% lower under HDG and 
annual burning with grazing compared to annual burning with no grazing. Forb species diversity was 
similar between HDG and annual burning with no grazing. However, Jaccard’s dissimilarity index, 
showed a forb species turnover of 22%, with HDG having 3 and annual burn with no grazing having 
2 unique species, indicating that fire dependent species may have been replaced with fire independent 
species under HDG. Findings from this study indicate that HDG cannot replace the role of fire and 
potentially has a negative impact on a South African mesic grassland.

Introduction
High-density grazing (HDG), which is the 
concentration of many livestock in a small area for 
a short duration has become popular in the South 
African mesic grassland yet little is known about 
it impact. HDG discourages the use of fire, based 
on the assertion that fire is a key contributor to 
desertification of grasslands (Savory and Butterfield 
1999). However, fire plays an important role in the 
development and growth of most South African 
mesic plant species, it stimulates resprouting and 
reduces competition for light (Little 2015). South 
African mesic grasslands are grasslands found in 
high rainfall (> 600 mm per annum) areas. The 
aim of this study was to determine the impacts of 
high density grazing on plant species composition 
and soil physical properties in a South African 
mesic grassland. The objectives were to compare 
the impact of HDG with annually burnt firebreaks; 
one which was grazed and the other one which was 
not grazed, on soil compaction, ground cover and 
species composition.

Materials and Methods
The study area was located at Wakefield Farm 
in Forth Nottingham, KwaZulu-Natal province, 
South Africa (29°54'38.05" S, 29°29'55.22" E) at 
an altitude of 1401 m above sea level. The area 
has a mean annual precipitation of 843 mm which 
occurs mainly during mid-summer. The geology 
of the area is moderately deep sandy layer over 
the sandstone layers of the Tarkastad Subgroup of 
the Beaufort group, Karoo super group (Mucina 
et al., 2006). The soils are Clovelly and Avalon 
which are mostly clay soils formed by weathering 
and leaching processes. The stocking density for 
HDG was 20 LSU/ha for 5 – 7 days (max) and the 
rest period was 60 days. Large stock unit (LSU) is 
defined to be equivalent to a 450 kg cow with or 
without nursing calf with daily dry matter forage 
requirements of 10 kg (Meissner, 1982). The HDG 
paddock has had zero burning for 15 years and is 
grazed 3 times a year. The annual burnt firebreak 
with grazing has the same grazing and resting 
treatment as the HDG paddock.
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A total of 12 paired 10 m x 10 m plots were located 
on three different paddocks (HDG, annually burnt 
firebreak with grazing and annually burnt firebreak 
without grazing) along the fence. Soil compaction 
was measured inside each plot using a dynamic 
cone. Ground cover was measured using a modified 
point intercept method inside each plot. In each 10 
x 10 m plot, 0.25 m² quadrat was placed randomly 
13 times. Each plant species and it abundance was 
recorded. Litter mass was collected from 5 random 
quadrats in each 10 x 10 m plot, oven dried at 600 
for 48 hours and weighed. A one-way ANOVA 
on SPSS version 24 was used to analyse the data 
as well as the redundancy analysis (RDA) using 
CANOCO 4.5 package on the species data.

Results
Soils under HDG and annual burning with grazing 
were 54% and 32% more compacted, respectively 
compared to annual burning with no grazing (F = 
18.53, p < 0.0001). High density grazing compared 
to annual burning irrespective of grazing resulted 
in four-fold more litter accumulation (F = 5.680, 
P <0.0001) that can reduce irradiation received by 
plants and limit growth. Grass species diversity 
was 10% lower under HDG and annual burning 
with grazing 

Figures 1 & 2: Biplot of a redundancy analysis of grass (on the left) and forb (on the right) species 
composition (%) for plots between high density grazing (HDG), annual burning with grazing and annual 
grazing without grazing (n = 12) in Wakefield Farm of the KwaZulu-Natal province, South Africa. Axes 
one account for 18% for grasses and 8,9% for forbs of the cumulative variance. Triangels represent 
treatments. Key to grass species: T. tri = Themeda triandra, P. max = Panicum maximum, S. cent = 
Sporobolus centrifugus, B. serr = Bracharia serrata, D. fil = Diheteropogon filifolus, C. gay = Chloris 
gayana, D. ternat= Digitaria ternata, D. eri = Digitaria eriantha, H. hirta = Hyparrhenia hirta, H. fla = 
Harpachloa flax, S. afri = Sporobolus africanus, S. pyri = Sporobolus pyrimidalis, E. cur = Eragrostis 
curvula, T. leu = Triastachya leucothrix, D. con = Diheteropogon contortus and D. tri = Digitaria 
tricholaenoides. Key to forb species: H. splen = Helichrysum splendida, D. reptan = Diclis reptans, 
Gladio = Gladiolus, B. biflor = Bidens biflora, B. frut = Berkheya fruticolus, B. seti = Berkheya setifera, 
G. caff = Gnidia caffra and Aristea cognate.
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Discussion [Conclusions/Implications]
High litter accumulation under HDG as a result 
of not burning in mesic grasslands can reduce 
irradiation received by plants and limit plant 
growth. Furthermore, an indirect detrimental effect 
of excessive litter may be a potential increase in 
fire temperatures at the soil surface if the litter 
is ignited (Prior et al., 2017) and that can have a 
negative impact on the underground storage organs 
of forbs and buds that are on or just below the soil 
surface (Chamane et al., 2017). The forb species 

turnover between HDG and annual burn may 
indicate that there may be some fire dependent 
species lost under HDG and annual burn in the 
form of fire breaks has been shown to increase 
plant diversity (Bachinger et al., 2016). Findings 
from this study indicate that HDG cannot replace 
the role of fire in a South African mesic grassland 
and may potentially have a negative impact.
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Abstract
Guinea grass (Megathyrsus maximus syn. Panicum maximum) is an important pasture grass that has been 
introduced pantropically, yet in many cases has escaped cultivation and is invading native rangelands – 
threatening biodiversity at multiple trophic levels. An increasing challenge of rangeland management is 
balancing the importance of pasture grasses with their negative impact on ecosystem processes. Given 
this challenge, it is critical to understand the mechanisms that underlie grass invasion. In this descriptive 
study, our objective was to assess the ecological stress release hypothesis by comparing the relative 
abundance and functional traits of Guinea grass in Kenya's home range with its introduced range in 
Texas, USA. To characterize Guinea grass dominance in Texas vs. Kenya, we measured plant height 
and cover and examined the associated arthropod and ungulate abundances. We characterized these 
associations across three habitat types of differing resource availability; 1) Under woody legumes with 
higher soil moisture and soil nitrogen, 2) grasslands with higher light yet drier soils, and 3) riparian areas 
with higher soil water moisture and light. We found that Texas Guinea grass was 50% taller than Kenyan 
Guinea grass except for riparian environments comparable to its introduced range. Texan Guinea grass 
occupied 50 % more area than Kenyan Guinea grass and was especially abundant under woody legumes. 
Texas ungulate communities were less diverse and abundant. The arthropod herbivore diversity was 
twice as high on Kenyan Guinea grass. These results suggest that Guinea grass has escaped a rich 
assemblage of herbivores and likely explains some of its spread in non native ranges. The interaction 
between resource environment and herbivory may elucidate mechanisms important for Guinea grass 
escaping cultivation in its introduced range and lays the foundation for future ecological studies and a 
search for biological control.

Introduction
The introduction of perennial grasses for 
rangeland improvement has led to the pantropical 
distribution of highly invasive grasses (Marshall et 
al., 2012; CABI 2020). Intended and unintended 
release of invasive grasses has detrimental impacts 
on ecosystem processes (D'Antonio and Vitousek 
1992). A proposed mechanism for exotic plant 
invasions is the Ecological Release Hypothesis, 
which posits that specialist enemies will be absent 
from the new system and that generalists will prefer 
native plants (Keane and Crawley   2002). A second 
mechanism arises from theoretical community 
ecology, which relies on disturbance (Shea and 
Chesson 2002). It is critical to understand these 
patterns and processes in the context of both the 
native and introduced ranges in order to explain the 
underlying mechanisms of invasion (van Kleunen 

et al., 2010). This foundational understanding will 
lead to a general understanding of how an invasive 
grass's ecology and biology differ in its native 
and introduced range and open opportunities for 
directed management.

Two popular hypotheses surrounding the success 
of invasive species deal with a plant's ability to 
out compete native plants for resources (Blossey 
and Notzold 1995; Davis et al., 2000) or through 
apparent competition by losing natural enemies 
(Mlynarek et al., 2017). Together these ideas predict 
a landscape's invasibility due to the availability 
of resources and the higher invasiveness due to 
improved performance with less natural enemies. 
For both invasibility and invasiveness, species 
life histories and functional traits are important 
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indicators of plant success and are often highly 
correlated with their invasiveness    and dominance 
in a community (Cornwell and Ackerly 2010). 
This would lead to the expectation that high 
reproductive output, mode, tolerance to herbivory, 
and growth rates would be important indicators. 
While it is expected for perennial grasses in both 
the native and invaded range to have similar 
strategies, release from natural enemies would 
alter the phenology of functional traits.

Nutrient and water availability vary greatly across 
vegetation types. In savanna systems, woody 
vegetation and riparian patches integrate with 
a connected grassland matrix. Differing light 
environment, nutrient turnover in woody legumes, 
and water availability have essential impacts on 
grass growth (Zitzer et al., 1996; Ludwig et al., 
2004). Therefore, a gradient of available resources 
may be inferred by proxy through these areas and 
inference to Guinea grass response to resources.
Here we evaluate Guinea grass productivity through 
cover and height in its introduced range, and 
native range   differed across resource availability 
gradients in three different environments. We 
quantified the species richness of arthropods, and 
ungulates, in Guinea grass's introduced and native 
range and examined their impact on Guinea grass 
functional traits and reproductive output. We 
hypothesize that there will be higher richness and 
diversity of ungulate herbivores, and arthropod 
herbivores on Guinea grass in native ranges versus 
the introduced range. We hypothesize that this will 
be correlated with overall functional traits related 
to production, resistance, and reproductive output.

Materials and Methods
Study sites
We established field sites to examine Guinea 
grass occurring naturally in two savanna systems; 
1) Laikipia, Kenya, representing part of Guinea 
grass's native range, 2) South Texas, part of its 
current introduced range. We established locations 
across precipitation gradients (439 mm - 639 
mm in Kenya and 736 mm in South Texas). In 
Kenya, field sites were selected along the Ewaso 
Nyiro River on a North-South and Low-High, 
precipitation gradient in Laikipia, Kenya. On the 
west side of the river is Mpala Research Centre, an 
active cattle ranch with approximately 2000-3000 
livestock grazing at low to moderate stocking 
intensities on 19500        ha, including Zebu/Boran 
mix-breed of cattle, camel, goat, and sheep. On 

the east side of the river are communal tribal lands 
where cattle grazing is less structured and is often 
grazed at high stocking densities. Ten locations 
were selected in both Kenya and Texas, and at each 
study location (20 in total). Three samples were 
taken in woody mottes (thickets), open grassland 
matrix, and riparian zones. A total of 30 locations, 
each subdivided into 3 study sites (mott/grassland/
riparian) in Kenya and Texas, a total of 180 study 
sites.

Guinea grass height and percent cover
To understand how functional traits vary across 
land use, environmental gradients, and introduced 
vs. native range, we measured the height and 
percent cover at each site. We sampled three 1 m2 
quadrats in Guinea grass patches for percent cover 
and selected the largest plant from each quadrat 
for measuring the height. The average value of 
these plots was used in the analysis.

Arthropod associates
Three Guinea grass plants from each site were 
uprooted and placed in 20 litre buckets before 
being transported back to the laboratory. Five 
culms were selected from each grass clump were 
examined under a microscope for arthropod 
presence and damage. Arthropod specimens were 
collected and assigned morphospecies reference 
names, then identified to the family level using 
CO1 barcodes. Unique morphospecies identifiers 
were used to estimate species richness. Family level 
identification was used to estimate feeding guilds. 
Feeding guilds are leaf mining, leaf chewing, 
Stem-boring, fruit boring, granivorous, sap-
sucking, gallobionts, rhizophagous, detritivorous, 
saprophagous. Arthropod abundance was 
estimated by recording the number of arthropods 
by morphospecies per gram of wet plant tissue 
measured. Specimens were collected, cataloged, 
and then stored in ethanol in a 2 ml microtube.

Ungulate associates
Six camera trap locations along the south, central, 
and northern portion of Mpala Research Centre 
and in one of the two pastures at the Texas ranch 
were used to estimate the relative abundance of 
ungulates and species richness. Counts of each 
ungulate species were made and converted into 
ungulates per camera day to index their relative 
abundance. Ungulate species were then grouped 
into feeding guilds based on their behavior and 
physiology to grazer, mixed-feeder, and browser.
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Statistics
Cover and height were analyzed using mixed-
effects analysis with invasion status as an identity 
variance structure to deal with the heterogeneity of 
variance and site as a random effect to account for 
spatial autocorrelation. Arthropod and ungulate 
species richness are reported as raw values.

Results
Guinea grass height and cover
Texas Guinea grass of more than 50% taller than 
Guinea grass in its native range, yet there was an 
interactive effect of Guinea grass growing in the 
riparian areas where heights were closer to the 
invaded range (Figure 1).

Ungulate diversity
In Texas, we observed five ungulate species: Bos 
taurus, Odocoileus virginianus, Pecari tajacu, Sus 
scrofa, Boselaphus  tragocamelus. Collapsed into 
their respective feeding guilds, there were one 
grazer, three mixed feeders, and one browser.

In Kenya, we observed 22 ungulate species: Giraffa 
camelopardalis reticulata, Oreotragus oreotragus 
Tragelaphus scriptus, Tragelaphus strepsiceros, 
Alcelaphus buselaphus lelwel, Bos taurus, 
Equus burchelli, Hippopotamus amphibius, Ovis 
aries, Phacochoerus africanus, Syncerus caffer, 
Aepyceros melampus, Camelus dromedarius, 
Capra aegagrus, Equus grevyi, Gazella granti, 
Kobus ellipsiprymnus, Loxodonta africana, 
Madoqua guentheri, Oryx beisa, Raphicerus 
campestris, Taurotragus oryx. There were 11 
grazers, seven mixed feeders, and four browsers 
when collapsed in their respective feeding guilds.

The relative abundance of these feeding guilds as 
measured by camera traps are presented in Figure 
2.

Arthropod diversity
In Kenya, we described 25 unique morphospecies 
across 17 families whose members comprise 
nine feeding guilds: leaf mining, leaf chewing, 
Stem boring, fruit boring, granivorous, sap-
sucking, gallobionts, rhizophagous, detritivorous, 
saprophagous. In Texas, seven total morphospecies 
from five families, whose most diverse were 
detritivorous mites found in Guinea grass’s roots. 
Per plant sample, Guinea grass from Kenya had 
an average of 1.01 morphospecies, while grass 
samples from Kenya had 2.14. When standardized 

by the mass of sampled Guinea grass, native 
morphospecies were on average 0.28 ± 0.06 
species per gram of wet material, and 0.169 ± 0.03 
arthropod species per gram.

Discussion 
In this descriptive study, we show differences in the 
height and cover of Guinea grass across native and 
invaded ranges yet these measurements interact 
with areas of variable resource availability. Further, 
we document that the arthropod community varies 
drastically between the native and invaded range. 
This is also true for the totals species richness 
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of ungulates on the native versus invaded range 
and the relative abundance as binned into feeding 
guilds. Generally, the functional diversity of 
ungulates and arthropods was much higher in 
Kenya when compared to Texas.

Motte, grassland, and riparian areas represent 
different resource environments for plants (Zitzer 
et al., 1996), and the interaction between herbivore 
and resources in arthropods has an essential 
impact on community structure and, therefore, 
plant production (Fine et al., 2004). Our study 
suggests that Guinea grass was likely limited by 
nutrient resources available in mottes and not by 
ungulates or arthropod herbivores in an introduced 
range. However, in Kenya, height in rivers was 
much higher, and cover in rivers and mottes was 
more similar to Guinea grass in its invaded range. 
These differences are likely due to increased water 
resources in riparian environments and nutrients 
and shade in mottes (Zitzer et al., 1996). Also, 
we observed that Guinea grass growing in open 
areas in Kenya was anecdotally subjected to 
higher grazing rates, which translated into large 
differences in cover and height (Rhodes Obs.). 
Similarly, in Texas, the correlation between heavy 

rainfall and the lack of impact that cattle have on 
Guinea grass, whereas in milder conditions, the 
cattle can reduce Guinea grass height, cover, and 
dominance (Unpublished data).

In conclusion, Guinea grass represents a vital 
forage species for livestock globally (Jank, et al., 
2014), yet often escapes to degrade ecosystem 
function and diversity. This study represents an 
essential step in describing Guinea grass’s breadth 
of natural enemies in its native and invaded ranges. 
We are beginning to connect ungulate impact 
on Guinea grass and leverage cattle for targeted 
grazing of invasive African grasses in Texas. We 
are also beginning to document the ecological 
association ct of arthropods in Kenya and identify 
arthropods’ generalists in Texas. Together these 
projects will help develop targeted grazing tools 
and the search for a species-specific biological 
control.
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Abstract
The wide availability of free satellite imagery, the recent development of cloud platforms dedicated 
to big spatial data (Big Data) that integrates both image archives from different providers, processing 
algorithms, distributed processing capabilities as well as an application programming interface (API) 
that facilitate scripting and automation process opened new perspectives for the use of vegetation 
observation time series over long timestamps and over large spatial scales (almost planetary).
This work aims at harnessing these technologies and building up an automated solution to monitor 
rangeland rehabilitation dynamics in arid lands and to assess the effectiveness of stakeholder’s 
management strategies. Such solution is based on graphical user interface that facilitate the process and 
on the use of analysis functions relaying on analysing temporal trajectories (time series) of different 
spectral indices derived from satellite images (Landsat or Sentinel) at the required spatial analysis scale.
The solution is implemented using java script as scripting language using the functions offered by GEE 
API. The graphical user interface of the first prototype is exploitable by the means of a standard web 
browser and it is accessible even to people without any background in regard to programming languages 
or to remote sensing skills. The process was tested for two arid sites on Morocco: acacia ecosystems 
on the southern part of Morocco and the highlands on Moroccan eastern parts mainly on sites recently 
rehabilitated. It has been qualified is promising solution.

Introduction
Dray Lands cover almost 90% of Moroccan 
territory. The water scarcity within these lands 
shaped very specialized species and ecosystems 
with very low cover, including scrublands, 
dry forests, and deserts, among others. These 
specialized ecosystems constitute a natural capital 
that contributes to the provision of ecosystem 
services necessary for human well-being. In view 
of their their ecological and/or biogeographical 
particularities and their heritage values, certain 
ecosystems enjoy special protection status and 
constitute the main income source for livelihoods 
of people. Within this special lands, local 
population have developed ingenious systems 
and sophisticated strategies to cope with the 
challenging conditions over centuries. The land 
use includes mainly livestock rearing, and very 
located rainfed and irrigated crop agriculture.

Due to societal changes, it is well established that 
Moroccan drylands are degraded and still facing 
degradation trends. Then, the ecosystems’ ability 
to provide essential goods and services is declining 
making survival more difficult. Overgrazing and 
overexploitation of dryland forests are some of the 
man-made causes of arid land degradation.

Even with the concern of forest managers to 
society's needs while guaranteeing the integrity 
and functioning of the ecological systems involved 
(Bettinger et al., 2009) and with the high prevailing 
man made pressures on land resources, it is often 
difficult to make a rigorous assessment of the 
trends of ecosystems due to the lack of precise 
and up-to-date field data, which must relate to the 
biophysical, climatic and social context as well as 
to the natural capital involved.
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To compensate for the unavailability of field 
data, open access satellite images on the internet, 
mainly acquired by Landsat, MODIS and Sentinel 
staellites, have opened up very interesting 
development perspectives with well-documented 
case studies for vegetation monitoring using 
specific indices. Studies in the forestry field are 
numerous and relate to forest cover, primary 
production, plant biomass, soil degradation to fire 
severity, wood fuel moisture and others. 
Although some arid lands have special conservation 
status such as UNESCO MAB reserve to ensure 
the protection of the natural capital as well as the 
development of the population groups that have 
depended on it since 1998, the impact of this 
designation on the dynamics of the ecosystem 

often remains difficult to assess rigorously. This 
study, by making use of the GEE platform, aims 
to provide managers and scientists with a tool to 
facilitate the monitoring of arid forest areas based 
on satellite images available free of charge.

Materials and Methods
The study focused on arid lands located in the 
southwestern region of Morocco. The synoptic 
approach is dynamic and can be applied to 
any geographical area. It is inspired by new 
developments to ensure greater accessibility and 
portability of the GEE platform through user-
friendly and easy-to-use graphical interfaces (e.g. 
www.globalforestwatch.org ). Figure 1 illustrates 
the operating principle of the EEM platform.

Figure 1. Main solution interface

In parallel with the use of satellite imagery, the 
exploitation of multi-temporal series of images 
over large spatial areas suggests three challenges 
(Carrasco et al., 2019): i) protocol for the selection 
of images to be taken into account for optimal 
coverage of the area of interest with less cloud 
cover, ii) establishment of a platform for efficient 
processing of these data which, for long time 
intervals and large spatial scales, are massive in 
nature, and iii) development of a classification 
method with satisfactory performance. If the third 
challenge is more related to the context of studies, 
the first two are central concerns for researchers 
to whom recent computer developments have been 
able to bring elements of solution; as a ready-to-

use solution, Google Earth Engine (GEE, https://
earthengine.google.org) is a cloud-based platform 
for global geospatial analyses that provides access 
to satellite images and greatly facilitates their use, 
visualization and processing by taking advantage 
of Google's computing power (Williamson et al., 
2019).
The approach developed in the scope of this work 
consists of two components: the first involves the 
logic of processing from image acquisition to the 
production of the final deliverable, and the second 
implements an operating interface facilitating the 
execution of the code and the implementation of 
the analyses envisaged in the first component.

The first component is based on the monitoring 
of forest vegetation regeneration on the basis of 

www.globalforestwatch.org
https://earthengine.google.org
https://earthengine.google.org
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temporal trajectories of different spectral bands 
and particularly derived spectral indices (NDVI, 
NRI, EVI, NBR among others). The operational 
approach, implemented in the form of a GEE script, 
allows the selection, pre and post-processing of 
image series involving the comparison between 
scenes and the temporal aggregation of scenes.

The processing process to be implemented can 
be described follows: (i) Determination of the 
temporal ranges of analysis and the choice of the 
satellite imagery provider to be retained for the 
analyses, (ii) area of interest choice corresponding 
to the predefined arid lands. For the choice of 
images, two approaches can be adopted: a) 
limiting the choice to images with little cloud 
cover, otherwise b) applying masks to apply 
corrections; (iii) calculation of composite spectral 
indices for each scene (NDVI, SAVI, NRI, NBR, 
dNBR, EVI); (iv) temporal aggregation of data. 
The detection of the opening of the canopy can 
be easily detected on the basis of time series of 
images over a short period of time just after the 
occurrence of the phenomenon or operation. On 
the other hand, the dynamics of rehabilitation 
and closure of the canopy can only take place 
over large time ranges. This imposes to take into 
account different temporal windows. Thus for 
each derived spectral index, for each given time 
window, and for each pixel the maximum value 
of the pixel will be retained, storing the date of 
obtaining this maximum value could eventually 
provide information on the date of occurrence of 
the event in question (opening or closing of the 
canopy for example, fire). (v) Once the treatments 
have been carried out, the results can be exported 
and saved either on the Drive or downloaded to its 
own machine.

The second component of the work consists in 
implementing this approach in the GEE platform 
in JavaScript language in order to automate the 
process to users with no remote sensing background 
in such way that an implemented graphical user 
interface will allow defining parameters and 
getting results as maps, graphs and tables.

Results
The solution developed within the sope of this 

work simplify the processing procedure presented 
above. It facilitates evaluation of vegetation 
dynamics based on temporal dynamics of several 
spectral indices while considering the related 
seasonal and annual variation of climatic, physical 
and biophysical factors. The interface is structured 
around three pannels (Figure 1): (i) parameters 
definition, (ii) numerical results display, and (iii) 
cartographic results from previous analyses and 
calculations. Through this interface, users can 
easily define analysis period of the dynamics of 
vegetation cover. Then, he can choose spectral 
indices of interest (Normalized Difference 
Vegetation Index, Enhanced Vegetation Index, 
Normalized Regeneration Index, Soil Adjusted 
Vegetation Index, Normalized Burn Rate Index) 
which will be used for assessing dynamics 
vegetation cover dynamics.

Moreover, to understand the factors precluding 
temporal evolution of spectral indices, the solution 
offers the possibility to represent the factors 
underlying vegetation indices. Graphs representing 
variation of the spectral indices are represented at 
the same time as those of climatic factors. The 
prototype developed offers the possibility to assess 
vegetation dynamics in a given site, with regards 
to the prevailing climatic and biophysical factors. 
The tool is decision-support tool facilitating the 
assessment of ecosystem trends and then to plan 
conservation interventions. Furthermore, field 
data can greatly facilitate results validation and 
verify the conclusions which makes possible to 
compensate errors due to data sources.

Conclusion
With the increasing human pressure on natural 
resources and the need to adopt proactive 
management strategies, the use of new tools 
involving big spatial data analytics able to identify 
ecosystem trends in order to preserve ecosystem 
integrity remain necessary. Prototype developed 
facilitate monitoring tasks while overcoming field 
data lack. Both in terms of taking into account 
ground field data, optimizing processing (spatial 
and temporal aggregation, moving window size 
and shape) as well as taking into account other 
indices or other imagery could be proposed as 
amelioration perspectives.
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Abstract
Local communities have been coping with environmental dynamics since time immemorial, and they 
often possess considerable knowledge about environmental change, as well as mechanisms of coping 
with the consequences of such changes. Local knowledge on the changes in vegetation composition and 
abundance is therefore fundamental for the development of management strategies aimed at sustainable 
use and conservation of natural vegetation resources. Household interviews (n=150), Key informant 
interviews (n=30) and Focus group discussions (n=4) were used in this study to extract information 
on the communities’ perceptions on the status of vegetation in Rusinga Island of Homa Bay County 
of Kenya, and the suggested management strategies for the environment, particularly the vegetation 
resources for posterity. Rusinga Island is a biodiversity hotspot and an ancient historic area with 
numerous archeological sites that have given the World fossils dating back millions of years but the area 
has been experiencing downward trend in its ecosystems. Majority (86%) of the respondents reported 
having observed changes in vegetation composition and abundance in the study area. The changes 
were attributed to deforestation, high human population, overgrazing, inadequate rainfall, and soil 
erosion. Most (68%) of the respondents perceived the changes had occurred mainly in the forests/hills, 
in the entire Island (15.3%) and in the homesteads (2.7 %). To reverse the changes, the local community 
proposed tree planting, protection of existing trees, use of alternative sources of fuel, increased awareness 
creation on environmental conservation and controlled livestock grazing as the best strategies to reduce 
vegetation degradation. Besides sensitization and building capacity of the communities to engage in 
sustainable management of vegetation resources, land restoration interventions in the study area should 
target the plants species at risk through re-introduction and re-afforestation practices.

Introduction
Globally many plant species are decreasing at 
alarming rates driven majorly by the expansion of 
agricultural fields and ever-increasing demand for 
plant resources by the local people who depend on 
the natural resources as s source of livelihood. These 
trends are believed to be the cause of extensive 
losses in biodiversity and ecosystem goods and 
services (Strauch et al., 2016). Deterioration in 
the status of natural vegetation results into a clear 
decline in most of the highly valuable benefits 
derived from those resources with an apparent 
effect on local people’s daily lives (Lykke 2000).

Since time immemorial the local communities 
have been coping with the changes in their 
environments thus, they often have an extensive 
knowledge about environmental changes and 

means to cope with their consequences (Bowman 
2002). Such knowledge not only compels for 
a scientific investigation on the causes of the 
changes but also helps in the design of adaptation 
and mitigation measures to deal with changes in 
vegetation since the local people express their 
interests and desire for an improved management 
strategy (Chaudhary et al., 2011).

The local people hold detailed and reliable 
information about changes in vegetation, thus 
their knowledge is key in the awareness of the 
long-term changes in vegetation composition and 
abundance (Kinlund 1996). Moreover, the elderly 
people can give reliable information on the changes 
that have occurred in vegetation over a certain 
period of time (Lykke 2000). However, there is 

mailto:ngithimargeret@gmail.com
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no available data on vegetation resources found in 
Rusinga Island, their historical changes and status. 
Therefore, the objective of the current study was 
to assess the different uses of woody plant species, 
the perceptions of the local people on the changes 
in vegetation, the causes of the changes and their 
proposed management approaches to make sure 
that the woody plant resources will be available 
in future.

Methods and Study site
This study was carried out in Rusinga Island 
situated in Homa Bay County, within Lake Victoria 
region. The Island lies between latitudes 0°35’ and 
0°44’ South and longitudes 34°11’ and 34°22’ East, 
the altitude varies between 1100 and 1300 m above 
sea level and covers an area of 44 km2 (Olanga et 
al., 2015). The Island is divided into two locations 
namely Rusinga East and Rusinga West and there 
are six Sub- locations which include: Kaswanga, 
Wanyama, Kamasengre East, Kamasengre West, 
Wawere South and Wawere North. In Rusinga 
Island there are about 10 beach communities and 
a total of 36 villages (Olanga et al., 2015). Rusinga 
Island has around 25,000 inhabitants who generally 
speak the DhoLuo language together with Swahili 
which is a national language (Homan et al., 2015). 
The main occupational activities in Rusinga Island 
are subsistence farming of crops like Sorghum, 
maize, millet and fishing which is normally 
carried out by adult males with females involved 
in fish processing and trading (Weckenbrock and 
Oldesloe 2004). Fish net repair and boat making 
are other activities that are carried out in Rusinga 
Island (Olanga et al., 2015).

A purposive sampling approach (Molenberghs 
2010) was employed to select 150 households 
from six sub-locations in Rusinga Island. Semi-
structured questionnaires comprising of both the 
open and close- ended questions were administered 
to the 150 randomly selected households. Some of 
the information gathered was the perceptions on the 
changes in vegetation composition and abundance, 
factors influencing the vegetation status and 
dynamics and the suggested management strategies 
for the environment. In addition, purposive and 
snowballing sampling techniques (Tongco 2007; 
Shafie 2010) were used to select respondents 
for Focus Group Discussions (FGDS) and Key 
Informant Interviews (KIIS). In total, 4 focus 
group discussions were conducted, comprising 
of 8-12 men and women participants. Thirty (30) 

KIIs were conducted and the participants were 
selected based on their roles in the community, age 
group and gender.

Results
Majority (64%) of the households are headed by 
males compared to only 36% headed by females 
with majority of the household heads between 
31-60 years (59.3 %) followed by those over 60 
years (34.7%) and below 30 years of age being 
represented by 6%. The main source of livelihood 
as reported by the respondents was small scale 
farming (34%), followed by business (32%), 
fishing (18%) and formal employment (3.3%).

Most (86%) of the respondents had observed 
changes in vegetation composition and abundance 
in the study area during the last 30 years. 
Deforestation (43.3%), high human population 
(15.3%), overgrazing (10.7%), inadequate rainfall 
(10%) and soil erosion (6.7%), were mentioned by 
the respondents as the major causes of the changes 
in vegetation in the study area.

The respondents reported various uses of woody 
species, among them, fencing, construction, 
firewood, medicine and forage and fodder. The 
local people seemed to have a preference for 
species such as Acacia seyal, Senna siamea, 
Balanites aegyptiaca, Euclea divinorum, Leucaena 
leucocephala and Markhamia lutea for firewood. 
Senna siamea, Markhamia lutea, Olea africana, 
Leucaena leucocephala and Euclea divinorum were 
preferred for construction purposes. There was an 
overlap of species that were used for firewood 
and those preferred for construction. For instance, 
Senna siamea is a valuable firewood species and at 
the same time it is used for construction since it is 
resistant to termite attacks.

From the study, half of the respondents (50.7%) 
recommended planting more trees as a way 
of reducing vegetation degradation. Other 
proposed restoration strategies were; protection 
of existing trees (16%), use of alternative sources 
of fuel (8.7%), increased awareness creation on 
environmental conservation (6.7%) and controlled 
livestock grazing (4 %).

A total of 42 woody plant species both exotic and 
indigenous were mentioned by the informants to 
be found in Rusinga Island at present and about 
30 years ago. Out of these, 9 woody plants were 
proposed for a reforestation programme. Some 
of the most preferred species for rehabilitation 
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were: Markhamia lutea, Senna siamea, Leucaena 
leucocephala, Olea africana and Euclea 
divinorum while the least preferred species 
were: Thevetia peruviana, Eucalyptus species, 
Terminalia mantaly, Acacia seyal and Euphorbia 
candelabrum. The respondents cited harboring of 
snakes by some species like Thevetia peruviana, 
the requirement of a lot of water for some species 
to grow, myths of some species causing deaths in 
the family and some taking very long time to grow.

Discussions and conclusions
The large number of households headed by males 
is ascribed to the strong culture and tradition of 
the community which states that a man is the 
head of the family and the woman can only take 
up the role after the death of the husband (Rotich 
2016). Aged people have a broader knowledge 
and are able to understand the socioeconomic and 
ecological dynamics taking place in a particular 
area (Kaganga and Ndumbaro 2017).  Therefore, 
the high number of respondents above 30 years of 
age indicated that most of them were more familiar 
with the area, the resources that are derived from 
the woody plants and the changes that may have 
taken place in vegetation and their respective 
causes. Adoption of other sources of livelihood 
apart from fishing which is the most common in 
the area is attributable to the declining levels of 
fish in Lake Victoria thus the residents are opting 
to practice small scale farming and business as a 
source of income. Similarly, Ketelaars (2015) and 
Balirwa et al., (2003) found that many families in 
Rusinga Island were attempting to practice other 
forms of generating income like agriculture both 
for commercial and subsistence purposes and this 
was attributable to “lack of fish” in the lake, making 
the fishing activity less viable and unreliable as a 
source of income and a way of sustaining a family.

Majority of the respondents perceived that there had 
been negative changes in vegetation composition 
and abundance in the study area. The observations 
from the current study of high human population, 
deforestation, overgrazing as the main causes 

of the changes were also reported by Sambou et 
al., (2016) and Wasonga et al., (2011) in Senegal 
and Kenya, respectively. Similarly, Zegeye et al., 
(2006), in Ethiopia found that cutting down of trees 
for various purposes was the main threat to the 
vegetation resources in their study area.

The community revealed that the reasons for 
the preference of some species over others for 
firewood was because they burn with minimal 
smoke and last longer while cooking. The local 
people proposed a number of adaptation measures 
as a result of the decreasing availability of trees 
which are of high socio- economic importance as 
has been reported in some studies (Sambou et al., 
2016; Wezel et al., 2000). Celentano et al., (2014), 
reports that in order to overcome the continuing 
degradation of tropical forests planting trees ought 
to be considered as the best strategy.

This study showed that majority of the people 
in Rusinga Island are cognizant of the decline in 
woody vegetation in their area and the possible 
driving factors affecting the vegetation dynamics. 
For woody plant species to be effectively conserved 
and managed, the local people must be actively 
involved in the management and rehabilitation 
efforts. Some of the most preferred plant species for 
reforestation like Markhamia lutea, Senna siamea, 
Leucaena leucocephala, Olea africana and Euclea 
divinorum identified by the local people should be 
encouraged and promoted.
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Abstract
Grasses are the crucial component of the rural rangeland ecology. Besides the morphological studies, 
micro- morphological characters such as stem anatomy were also investigated in this study to get detailed 
understanding about variations during the summer and monsoon within species and also differentiating 
the species with the help of supplementary characters such as number of cortical layers and vascular 
bundles and xylem vessel length. In grass anatomy the characters are rather constant for some species 
and highly variable for others probably often due to the climatic variation. Still the characters are very 
helpful to differentiate and determine the genus. The study proves the adoptive anatomical characters of 

the selected species in the study area.

Introduction
Grasses belongs to one of the largest and 
economically important family Poaceae. In 
grasses the mature blades are mostly glabrous to 
pubescent and they bear trichomes on both a side 
(Metcalfe 1960), however for few species the 
trichomes are present only on the sheath (Metcalfe 
1960). The shape of the stem is varying from 
round, oval to crescent. Members of this family 
not only provide the stable food material like 
rice, wheat, barley, corn and other millets also 
provide fodder to the cattle. Increasing intensities 
and frequencies of drought events put rangeland 
agriculture under pressure in semi-arid and arid 
geographic areas. The geography of the selected 
study area Kovilpatti of Tamilnady, India, plays an 
important role in the diversity of the grasses. Major 
objective of the study is in order to have thorough 
knowledge on the diversity and distribution of 
the grass species used as fodder. Thus we have 
conducted a comprehensive study of the grasses in 
the study area.

Materials and Methods
The study area Kovilpatti is located in the 
Tuticorin district of Tamil Nadu, India. There 
are approximately 50 species of grasses were 
identified from the area, in which 15 species 
were selected for this study (Table 1). Most of the 
grasses are used as fodder by the local people for 

their cattle. Field explorations were carried out in 
wetland, scrub jungle, and cultivation field. Plant 
specimens were collected, prepared herbarium 
as per standard procedure and with the help of 
relevant literature, identified local and regional 
flora (Gamble 1935). The sample collections were 
made from the different sites with varied gradients 
(wetland, scrub jungle, cultivation field) based on 
both the details from floras and field Morphological 
variations and phenology were also noted in the 
field and microscopic observations were carried 
out in the lab. Voucher specimens were deposited 
in the G. V. N. college   Herbarium. Second node 
of the stem was selected as working material 
for microscopic observation. The hand sectioned 
stem tissues were stained in 1 % aqueous Safranin 
solution for 5 minutes, washed in distilled water 
and the parts were mounted in glycerin. The 
materials observed using a Leica DM 100 digital 
camera attached with Leica DM 2500 trinocular 
microscope.

Results and discussion
The study area comes under arid zone so the local 
people mostly depend on the fodder grasses as 
forage for their cattle. Apart from grasses there are 
certain other dichotomous plants are also used as 
fodder, however grasses are the most preferable 
fodder by the local people. During the summer, to 
tolerate the high temperature the grasses developed 
more adoptive characters such as perennial root 

mailto:bmkgvn@gmail.com
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stocks. Once the favourable condition occurs they 
produce new shoot. These adoptive characters 
are very important to tolerate the temperature in 
the rangeland. These anatomical characters also 
support the physiological activities of the plants 
(Metcalfe 1960). 

The sclerenchymatous tissues were continuous 
or it has been interrupted with collenchymas 
or chlorenchyma tissues (Table 1). Number of 
peripheral vascular bundle been grouped in two 
categories in which one group has less than 20 
vascular bundles and the other group has more than 
30 up to 50 vasular bundles. The size (diameter) 

of the stem does not correlate with the number 
of vascular bundles. Main vascular bundle varies 
from the range 25-80 and also the number of major 
vascular bundles vary from one layer to 4 layers 
(Table 1). Hallow pith was not observed in all the 
species. Among these 15 species the plants which 
have more vascular bundles on the peripheral area 
mentioned in Table 1 are very tolerant to the dry 
climatic condition. Different accessions of these 
15 species, accessions collected from cultivation 
fields and wetlands have more number of major 
vascular bundles than the accessions collected 
from the scrub jungle and the road side area.

Table 1: Major anatomical characters of the 
selected grass species

S.

No.
Binomial Habitat

Scleren-
chyma tous 
layer

No.of pe-
ripher al 
vascular 
bundle 
(VB)

No. of

Major 
VB.    
rows

Diameter 
of cross 
section in  
(mm)

1 Apluda mutica L.  Wetland,scrub 
jungle, road side continuous 14 2 0.9-2.7

2 Aristida adscensionis L.

Scrub jungle,

Bundsof

cultivated lands

continuous 17 2 1-4

3
Arundinella mesophylla

Nees ex Steud. (Figure 1. 
A)

Road side, waste 
land continuous 18 1 2-4.2

4 Chloris barbata Sw.
Cultivation field, 
road side, wet-
land,

continuous 28 3 1.5-3.3

5 Cynodon dactylon (L.) 
Pers. (Figure 1. B)

Wetland, bunds 
of cultivation field

discontinu-
ous 30 3 1-3

6 Dactyloctenium aegyptiu m 
(L.) Willd.

Road side, waste 
land continuous 26 2 0.5-1.2

7 Dichanthium annulatum ( 
Forssk.) Stapf

Scrub jungle,

Bunds of culti-
vated lands

continuous 17 1 0.9-1.7

8 Echinochloa colona (L.) 
Link

Cultivation field, 
road side, wetland continuous 38 3 0.4-0.7

9 Eragrostis amabilis (L.) 
Wight & Arn.

Wetland,scrub 
jungle, road side 

discontinu-
ous 35 3 0.3-0.8

10
Heteropogon contortus 
( L.) P.Beauv. ex Roem. 
&Schult. (Figure 1. C)

Wetland,scrub 
jungle, road side

discontinu-
ous 29 2 0.9-3

11 Panicum repens L. Wetland, bunds of 
cultivation field continuous 33 2 2-3.5

http://www.theplantlist.org/tpl1.1/record/kew-394154
http://www.theplantlist.org/tpl1.1/record/kew-394312
http://www.theplantlist.org/tpl1.1/record/kew-404690
http://www.theplantlist.org/tpl1.1/record/kew-406339
http://www.theplantlist.org/tpl1.1/record/kew-406339
http://www.theplantlist.org/tpl1.1/record/kew-406842
http://www.theplantlist.org/tpl1.1/record/kew-406842
http://www.theplantlist.org/tpl1.1/record/kew-406842
http://www.theplantlist.org/tpl1.1/record/kew-408597
http://www.theplantlist.org/tpl1.1/record/kew-408597
http://www.theplantlist.org/tpl1.1/record/kew-410176
http://www.theplantlist.org/tpl1.1/record/kew-410176
http://www.theplantlist.org/tpl1.1/record/kew-418712
http://www.theplantlist.org/tpl1.1/record/kew-418712
http://www.theplantlist.org/tpl1.1/record/kew-418712
http://www.theplantlist.org/tpl1.1/record/kew-418712
http://www.theplantlist.org/tpl1.1/record/kew-430067
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S.

No.
Binomial Habitat

Scleren-
chyma tous 
layer

No.of pe-
ripher al 
vascular 
bundle 
(VB)

No. of

Major 
VB.    
rows

Diameter 
of cross 
section in  
(mm)

12 Pennisetum glaucum (L.) 
R.Br.

Wetland, scrub 
jungle, road side

discontinu-
ous 26 3 3-7

13 Perotis indica (L.) Kuntze Cultivation field, 
road side, wetland

continuous 17 2 0.5-1.3

14 Trachys muricata (L.) 
Pers. ex Trin.

Wetland, bunds of 
cultivation field

discontinu-
ous

19 2 2-3.5

15 Zea mays L. Cultivated continuous 38 4 10-20

A. Arundinella mesophylla  B. Cynodon dactylon  C. Heteropogon contortus

Figure 1: A-C: Cross section of stem
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Abstract
Decomposition is a major determinant of terrestrial nutrient cycling and therefore an important regulator 
of ecosystem structure and function. It has been widely documented that large mammalian herbivores 
(LMH) act as a significant driver of changes to aboveground structure and modifications to edaphic 
properties. Little is known about the role of herbivory, and particularly the loss thereof, in mediating 
essential ecological processes in a herbivore-adapted system. The Nkuhlu exclosures, a large-scale, long-
term exclusion experiment in the Kruger National Park, South Africa, provided an opportunity to explore 
the effects of herbivory and/or its long-term exclusion on decomposition and stabilisation of detrital 
plant material. An extended, site-specific version of the Tea Bag Index approach was used to quantify 
decomposition rate (k) and stabilisation factor (S) of standardised litter substrate. Two hundred and fifty 
tea bags (125 green and 125 rooibos tea bags) applied in a paired tea bag design were exposed to three 
herbivore treatments along the sodic zone of the Nkuhlu exclosures and removed after three months of 
incubation. Decomposition rates (k) were highest in the presence of LMH and lowest in their absence. 
Conversely, stabilisation factor (S) was significantly higher in treatments from which herbivores have 
been excluded for ~18 years. Our study provides evidence that LMH can influence essential ecological 
processes such as decomposition and stabilisation of detrital plant material. Moreover, results confirmed 
that ecosystems that evolved with herbivores, are sensitive to herbivore loss as it reduces decomposition 
rates of plant detritus and hence, decelerates ecosystem nutrient cycling.

Introduction
Savannas are dynamic systems with a high 
degree of complexity, mainly due to their spatial 
heterogeneity – the product of system-specific 
drivers (Grant and Scholes, 2006; Van Coller 
et al., 2013; Wigley et al., 2020). Savannas are 
faced with numerous challenges, including heavy 
utilisation pressure from single-species domestic 
livestock at the expense of heterogeneous savanna 
herbivore communities, which contribute towards 
the structural and functional degradation of these 
systems (Grant and Scholes, 2006; Van Coller 
et al., 2013; Eldridge et al., 2019; Tuomi et al., 
2019; Wigley et al., 2020). Herbivory is an agent 
of disturbance and functions as one of the primary 
drivers of system dynamics in African savannas 
(Grant and Scholes, 2006; Van Coller et al., 2013). 
Numerous studies have reported on the ability 
of large mammalian herbivores (LMH) to alter 
vegetation structure and edaphic properties of a 
system (Grant and Scholes, 2006; Van Coller et al., 
2013; Eldridge et al., 2019; Wigley et al., 2020). 

Changes to system structure have the potential to 
directly influence and alter soil function in terms 
of decomposition and stabilisation of detrital 
plant material (Keuskamp et al., 2013; Becker and 
Kuzyakov, 2018; Eldridge et al., 2019; Tuomi et 
al., 2019; Wigley et al., 2020)

In southern African savannas, edaphic properties 
are stronger determinants of intensively utilised 
patches (IUP) than animal biomass alone (Grant 
and Scholes, 2006; Van Coller et al., 2013). Sodic 
patches are prominent IUP’s in granitic landscapes 
that are structurally open areas, which improve 
predator vigilance (Van Coller et al., 2013). LMH 
are also responsible for the formation and the 
maintenance of wallowing points in these systems 
during the wet season (Grant & Scholes, 2006; Van 
Coller et al., 2013). Sodic patches are ecologically 
important as they provide a positive nutrient 
feedback loop promoted by congregated herbivore 
activity (Grant and Scholes, 2006; Van Coller et 
al., 2013). Herbivores are therefore responsible for 
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maintaining invaluable ecological processes and 
corresponding integrity of sodic systems.

Large parts of protected African savannas are 
faced with herbivore loss, albeit the diverse suite 
of LMH, or elephants only (Van Coller et al., 2013; 
Wigley et al., 2020). Such losses might affect 
several underlying processes including soil-based 
decomposition and stabilisation of detrital plant 
material (Becker and Kuzyakov, 2018; Eldridge et 
al., 2019; Tuomi et al., 2019; Wigley et al., 2020). 
Decomposition entails the biochemical-driven 
degradation of complex organic compounds 
through mainly, microbial-mediated processes 
(Keuskamp et al., 2013; Eldridge et al., 2019; 
Petraglia et al., 2019). Decomposition studies 
are covered extensively for temperate and 
boreal ecosystems, while studies in subtropical 
ecosystems, especially in Africa, remain limited 
(Becker and Kuzyakov, 2018; Erasmus et al., 
2021).

Despite extensive use of exclosure experiments 
to investigate herbivore impacts, there is little 
consensus on their direct and indirect effects 
on soil function, particularly on decomposition 
and inherently, above– and belowground carbon 
sequestration (Eldridge et al., 2019; Tuomi et al., 
2019; Wigley et al., 2020). The Nkuhlu exclosures 
located within the Kruger National Park (KNP) 
provided an opportunity to examine the potential 
influence of complete (all LMH) or partial (only 
elephants) herbivore loss on essential ecological 
processes. This study therefore aimed to assess 
the intrinsic role of herbivores in soil-based 
decomposition and stabilisation in a herbivore-
adapted semi-arid, sodic African savanna. We 
hypothesised that the decomposition rate and 
stabilisation factor of organic material would differ 
across different herbivore treatments as herbivores 
actively alter key regulatory constituents of the 
decomposition subsystem. To test this hypothesis, 
we applied the Tea Bag Index (TBI) approach 
across three herbivore treatments with varying 
intensity to determine the effect of herbivory on 
potential soil-based decomposition rate (k) and 
stabilisation factor (S) of detrital plant material 
through the quantification of standardised litter.

Methods and Study Site
The study was conducted in the semi-arid Dry 
Sodic Savanna of the Nkuhlu research site 
(24°58′S, 31°46′E) located on the northern bank 
of the perennial Sabie River approximately 18 km 

downstream of Skukuza in the KNP, South Africa 
(Siebert and Eckhardt, 2008). Situated beneath the 
seepline on the foot slopes of undulating granitic 
landscapes ranging between 200 and 230 m above 
sea level (a.s.l.), the study site is characterised 
by sodium-rich, deep duplex soil, referred to as 
the sodic zone (Siebert and Eckhardt, 2008). The 
Nkuhlu exclosures were constructed in 2001 as part 
of a large-scale, long-term exclusion experiment 
based on the removal of certain ecosystem drivers 
(e.g. herbivory and fire) (Siebert and Eckhardt, 
2008). Herbivores have therefore been excluded 
for 18 years at the time of data sampling for this 
particular study. The experimental site is divided 
into three herbivory treatments comprising of 
(1) a partially fenced area (Elephant exclosure) 
designed to exclude elephants based on body size 
(also excluding giraffes), (2) an unfenced area 
(Control) which allows for unrestricted movement 
of all LMH and (3) a fully fenced area (LMH 
exclosure) excluding all herbivores larger than a 
hare (Siebert and Eckhardt, 2008).

The TBI approach introduced by Keuskamp et 
al., (2013) is an internationally standardised, user-
friendly method to collect comparable, globally 
distributed decomposition data. Test kits comprise 
of commercially available tea bags (Lipton® 
rooibos and green tea). Standardised litter (tea 
leaves) enables the TBI to identify and examine 
environmental drivers of decomposition without 
the ambiguous effects of site-specific litter, serving 
as a reference which facilitates data comparison 
across spatial scales (Keuskamp et al., 2013; 
Becker & Kuzyakov, 2018; Petraglia et al., 2019; 
Erasmus et al., 2021). The TBI comprises of two 
parameters describing (1) decomposition rate (k –
rate at which detrital plant material is lost) and (2) 
stabilisation factor (S

–sequestration of detrital plant material). 
Methodology conformed to the extended, site-
specific version of the TBI approach as described 
in Teatime in Kruger (Erasmus et al., 2021). Tea 
bags (125 green and 125 rooibos tea bags) were 
buried at a depth of 8 cm in a paired design among 
the three herbivore treatments in a sodic savanna 
ecosystem. After a three-month incubation period, 
tea bags were retrieved, followed by the standard 
protocol to calculate k- and S-values as described in 
Keuskamp et al., (2013). Results were compared 
with TBI values obtained from a diverse range of 
ecosystems globally (Figure 1).
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Since the data did not meet assumptions of 
normality according Kolmogorov–Smirnov and 
Shapiro–Wilk normality tests, a Kruskal-Wallis 
ANOVA was applied to the data in Statistica, 
(V13.3, TIBCO Software Inc., 2017) to test for 
significant variation in k and S of standardised 
litter amongst three herbivore treatments. Where 
statistically significant variance among treatments 
were attained, multiple comparisons of mean 
ranks were applied as post-hoc tests. Significance 
levels for all analyses were set at the standard 
significance level (p < 0.05) enabling confident 
conclusions made from statistical results.

Results
All measured k- and S-values occupied a similar 
range as that of global TBI references derived from 
Keuskamp et al., (2013) and Becker and Kuzyakov 
(2018). System 15 (Tanzania, savanna –Figure 
1) is the only system that partially relates to the 
study area in terms of system structure (Siebert 
& Eckhardt, 2008; Becker & Kuzyakov, 2018). 
Obtained S-values from the study area differs 
substantially from that of system 15, whereas 
k-values are more related (Figure 1). This supports 
the notion that S is dependent on environmental 
and climatic factors, reflecting site-specific drivers 
(Keuskamp et al., 2013; Becker & Kuzyakov, 
2018). 

Figure 1: Mean decomposition rate (k) and stabilisation factor (S) within a subtropical, semi-arid 
southern African savanna at the Nkuhlu exclosures, Kruger National Park. This system is divided into 
3 herbivore treatments (coloured circles). Whiskers indicate standard error of the mean based on the 
results obtained from 250 tea bags (125 green & 125 rooibos) over a 3-month incubation period. Black 
dots represent global TBI references adapted from Keuskamp et al., (2013) and Becker and Kuzyakov 
(2018).

{LMH exclosure, all LMH excluded; Elephant 
exclosure, elephants (and giraffes) excluded; 
Control, all herbivores present}.

Mean decomposition rate (k) decreased with 
increasing stabilisation factor (S) which 
corresponded with a release in herbivory pressure 
(Figure 2). After a 3-month incubation period, k 
of standardised litter did not vary significantly 

across herbivore treatments (p > 0.05; Figure 2a), 
whereas S varied significantly across treatments (p 
< 0.05; Figure 2b). S was significantly higher in 
the LMH exclosure when compared to the control 
(multiple comparisons: p < 0.05; Figure 2b), 
which corresponds with the lowest k-value in this 
treatment (Figure 2a).
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LMH exclosure, all LMH excluded; Elephant 
exclosure, elephants (and giraffes) excluded; 
Control, all herbivores present; ± 1.96*, standard 
deviations of the mean; SE, standard error; p, p < 
0.05 indicates a significant differences between 
groups.

Figure 2 (a,b): Mean decomposition rate -k (a) 
and stabilisation factor -S (b) of standardised litter 
after a 3-month incubation period across three 
herbivore treatments within the Nkuhlu exclosures, 
Kruger National Park. Significant differences (p < 
0.05) between herbivore treatments are indicated 
with different lowercase letters.

Discussion
Obtained results varied substantially from other 
systems (Figure 1), echoing the unique ensemble 
of environmental drivers present within the studied 
system. Differences between k- and S-values 
from the studied system and its closest relative 
(system 15 - Tanzanian savanna, 951 m a.s.l.) 
may be ascribed to combined effects of elevation 
and climatic variation on soil processes (Becker 
& Kuzyakov, 2018). Systems situated at low 
elevation, especially in semi-arid environments 
(such as the study area) are highly subjected to 
climatic limitations (temperature and moisture) 
which directly influence decomposition (Grant and 
Scholes 2006; Becker & Kuzyakov 2018). Higher 
decomposition rates (k) in the presence of all LMH 
(control) can be ascribed to the ability of LMH to 
alter vegetation structure and edaphic properties, 
specifically to enhance decomposition factors 
(Grant and Scholes 2006; Semmartin et al., 2008; 
Van Coller et al., 2013; Eldridge et al., 2019). 
High intensity utilisation of savanna vegetation 

results in decreased carbon-based secondary 
metabolites (recalcitrant compounds such as 
tannins and polyphenols), decreased C:N ratios 
and increased nutrient content within vegetation 
tissue, rendering highly utilized vegetation more 
palatable, nutrient-rich and labile (Grant and 
Scholes, 2006; Siebert and Eckhardt 2008; Van 
Coller et al., 2013). LMH influence patch- specific 
soil nitrogen (N) availability through excretions 
(i.e. urination and defecation) which stimulate 
microbial metabolic activity and subsequent 
decomposition of detrital plant material (Grant and 
Scholes, 2006; Semmartin et al., 2008; Eldridge 
et al., 2019). System perturbation, which may 
be associated with high LMH activity, correlate 
with decreased stabilisation and a subsequent 
decrease in soil organic matter (SOM), which 
result in increased microbial demand for organic 
carbon and subsequently, a more rapid detrital 
turn-over (decomposition) (Semmartin et al., 
2008; Becker and Kuzyakov, 2018; Eldridge et al., 
2019; Petraglia et al., 2019). Increased SOM due 
to high stabilisation (significantly higher S in the 
LMH exclosure) results in fertile soil with a higher 
productivity potential (biomass production). 
Several studies have indicated that absence of 
herbivores lead to increased standing biomass 
(Grant and Scholes, 2006; Van Coller et al, 2013). 
Low soil temperatures associated with the shading 
effect of high biomass can promote stabilisation as 
it results in reduced microbial metabolic activity 
(Keuskamp et al., 2013; Becker and Kuzyakov, 
2018; Eldridge et al., 2019; Petraglia et al., 
2019). Ungrazed grass often becomes moribund, 
reducing the amount of plant material that enters 
the decomposition subsystem. Nutrients are 
locked up in the aboveground compartment 
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rendering them unavailable, negatively influencing 
soil-based microbial abundance and activity. 
This effect is evident from the results as S of 
standardised litter increased with a decrease in 
herbivore pressure. Moreover, the study area is 
situated within a moisture-limited system (561 
mm per year) further impeding microbial activity 
and subsequent decomposition (Grant and 
Scholes 2006; Keuskamp et al., 2013; Becker and 
Kuzyakov, 2018; Petraglia et al., 2019).

Decomposition functions as a bottom-up system 
control and is a major determinant of system 
dynamics. Yet, little is known about site-specific 
disturbance effects such as herbivory or the 
loss thereof on essential ecological processes. 
Decomposition and associated carbon flux studies 
are covered extensively in the northern hemisphere, 
while studies in African systems remain limited. 

TBI-based decomposition studies provide a 
relatively easy approach to obtain valuable 
information regarding system disturbances and 
their potential effect on ecosystem functioning. 
Studies aimed at elucidating decomposition 
dynamics and the role of various influencing 
factors such as herbivory is essential to better 
understand and effectively manage soil function 
together with associated carbon cycling.
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Abstract
The total area of Fescue-forbs rangeland in Mongolia is 10 million ha, accounting for 8.5% of total 
rangeland area. The Fescue-forbs rangeland is the main type of rangeland in the mountain steppe. 
The Mongolian rangeland has degraded in the last two decades mainly due to overgrazing and climate 
change.  The main objective of this study was to determine the change of plant community and reduction 
of frequency and productivity of the dominant species Festuca lenensis in different degradation states of 
rangeland. The dominant species and main plant functional groups have completely changed in Fescue- 
forbs rangeland in all three states of rangelands. The cover of Festuca lenensis was decreased by 98.6- 
99.5 % and biomass percentage was decreased by 95.3-100 % in three different degradation degrees  
compared with the reference site. As a result of species composition, the highest number of species was 
determined in moderately degraded rangeland, the lowest number of species was determined in heavily 
degraded rangeland. The similarity coefficient of species was 0.45 between the slightly and moderately 
degraded rangelands. Heavily degraded rangeland was different from other two types of rangeland. 
Number of individual species increased in moderately and heavily degraded rangelands in comparison 
to slightly degraded rangeland. This was depended on increaser and tolerant plant species; these are 
Arenaria capillaris, Potentilla acaulis, Artemisia frigida, A.commutata, Chamaerodos erecta and Carex 
duriuscula. Our study revealed the degradation process of Fescue-forbs rangeland in mountain steppe of 
Mongolia.

Introduction
Natural rangelands are a source of survival for 
Mongolian nomadic animal husbandry, which 
takes place in an extreme continental climate. The 
total amount of natural rangeland of Mongolia 
is 110.5 million ha; it is 70 % of the total area, 
of which 78.3 % is eroded (Avaadorj D. 2005). 
According to a desertification assessment, 
72% is included in slight to very severe class 
of desertification (Resolution of Mongolian 
Government 2010). The current state is due to 
global climate change and the negative impact of 
human activity. The Khangai sub-zone of mountain 
steppe is 12.9 % of the total area (Tuvshintogtokh 
2014), of which Fescue rangeland is dominant 
with over 10 million ha area. Over 90 % of the 
Khangai mountain area of Fescue rangeland is 
degraded (Lkhagvajav and Otgontuya 2008). In 
the last two decades, higher animal numbers have 
degraded grasslands. Mongolia had 25.8 million 
animals in 1990, but 70.1 million animals in 2019 
(National Statistical Office 2019). Therefore, the 

rational usage of natural grassland and protection 
of its natural composition are urgent issues.

Our study goal was to study the vegetation change 
of Fescue-forbs rangeland in the mountain steppe. 
The objectives were:

1. To study the change of frequency, number of 
individuals, canopy cover and total yield of 
edible species in Fescue-forbs rangeland at 
different degree of degradation

2. To conduct a comparative study in species 
composition along with the changes in the total 
number of individuals at diFescuefBortbag1 of 
the Ikhtamir soum2 of the Arkhangai aimag3, 
were chosen for the study. This study was 
conducted in 2005-2006 on slightly degraded 
grass-forbs, moderately degraded Artemisia- 
forbs, and heavily degraded Sedge-forbs 
rangeland. Data of normal Fescue-forbs 
rangeland was compared

  1 An initial administrative unit in countryside of Mongolia
  2 A secondary administrative unit in countryside of Mongolia
  3 A tertiary administrative unit in countryside of Mongolia
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3. 

•	 The number of individual species was 
counted in 10 replicates of randomly 
allocated 20 cm x 50 cm (0.1m2) frames.

•	 The frequency of edible species was 
determined randomly by allocating 0.1m2 
net with 10 replicates (Lkhagvajav 2000);

•	 The bunch diameter of edible species was 
determined by measuring a line transect 
with mm accuracy;

•	 Canopy cover (%) of each plant species 
was determined in five replicates of 1 m 

x 1 m nets (100 windows) (Resolution of 
Mongolian Government 2010);

•	 Rangeland yield was determined by 
cutting plants at ground level in five 
replicates of 1m2 quadrats. After cutting, 
the plant material was sorted into species 
and all plant material was air dried at 
room temperature for 20-25 days before 
weighing.

Materials and methods
Three different degrees of degraded Fescue-forbs 
rangeland, situated in the east valley of the Del in 
Bort bag  of the Ikhtamir soum  of the Arkhangai 
aimag , were chosen for the study. This study 
was conducted in 2005-2006 on slightly degrad-
ed grass-forbs, moderately degraded Artemisia- 
forbs, and heavily degraded Sedge-forbs range-
land. Data of normal Fescue-forbs rangeland was 
compared to Lkhagvajav’s study (Lkhagvajav and 
Otgontuya 2008) which was conducted between 
1986 and 1995 (Lkhagvajav and Otgontuya 2008). 
Species composition of rangeland was determined 
by determining flora richness in 0.1, 1 and 100 m2 
quadrats (Yunatov 1968) as follows:

Results
Study of edificatory species: According to study 
result, the edible species Festuca lenensis in the 
Fescue- forbs rangeland of mountainous species 
had some change (Table 1). However, frequency 
of Festuca lenensis at the moderately degraded 
rangeland with grass-forbs was 95%, number of 
alive individuals was lower by 98.3% compare 
to normal Fescue-forbs rangeland (Lkhagvajav 
and Otgontuya 2008); bunch diameter was 
decreased by 1.3 times. Percentage in total canopy 
cover and total yield was lower by 95.3-98.6 
% compare to normal Fescue-forbs rangeland. 
Frequency of Festuca lenensis at the moderately 
degraded Artemisia-forbs was 70 %, the number of 
individuals at the unit area was decreased by 99.7 
% compare to normal Fescue-forbs rangeland, 
bunch diameter was decreased by 2.4 times.

Table 1: Change in some characters of edible species in Fescue-forbs rangeland

Rangeland Degrada-
tion degree

Frequency 
(%)

Number of 
individuals 
(m2)

B u n c h 
d i a m e -
ter (cm)

Total 
cover-
age, 
(%)

Total 
yield, 
%

alive dead
Fescue-forbs Normal 100 302 - 3.1 21.5 29.8
Grass-forbs Slight 95 5 54 2.3 0.3 1.4
Artemisia-forbs Moderate 70 1 12 1.3 0.2 0.1
Sedge-forbs Heavy 30 0.4 - 0.9 0.1 0

The role of the Festuca lenensis in the yield and 
canopy cover of total vegetation has declined 
considerably with grazing this species. Frequency 
of Festuca lenensis at the heavily degraded Sedge-
forbs rangeland was decreased by 70 %, number 
of individuals was decreased by 99.9 % and bunch 
diameter was  decreased by 3.4 times; this shows 
that this rangeland has lost its natural basic type 
(Table 1).

Change in species composition: In average, seven 
plant species were found within the 0.1 m2 quadrat 
area; 13 at the 1 m2 scale; and 35 at the 100 m2 scale 
on the slightly degraded grass-forbs rangeland, 
respectively. The total vegetation canopy cover 
was 50-55 % on this class of rangeland and the 
significant grass species were Koeleria macrantha 
and Agropyron cristatum for animal feed. On 
moderately degraded Artemisia-forbs rangeland, 
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10 plant species were found on the 0.1 m2 area; 
19 at 1 m2 and 40 at 100 m2. The canopy cover 
was 50-53 % on average. The forbs Artemisia 
frigida and A. commutata, were important in this 
type of rangeland. On the heavily degraded Sedge-
forbs rangeland, an average of four plant species 
were grown on 0.1 m2 areas; nine at 1 m2 and 22 
at 100 m2 respectively. Carex duriuscula was the 
dominant species and canopy cover was 70-80 % 
at this type of rangeland (Figure 1).

Figure 1. Change in species composition Fescue-
forbs rangeland
According to our study result, the number of 

species was increased as well, species number was 
initially increased with degradation but species 
number decreased with heavy degradation. This 
is explained by growth of increaser species in the 
empty spaces left after the death of the edifible 
species Festuca lenensis. Carex duriuscula grew 
in the empty spaces of dead plants in the heavily 
degraded rangeland. According to  a comparison 
of species dissimilarity (Table 2), the species 
composition of the rangeland become progressively 
different from each other as a consequence of 
overgrazing.

Table 2: Dissimilarity of plant species at degraded Fescue-forbs rangeland

Variants
1&2 1&3 2&3

Dissimilarity coefficient 0.55 0.66 0.65

Explanation of dissimilarity coefficient by 
Czekanowskii 1909, 1913 (Martin Kent, 2012) 
is that 1&2 compares slightly and moderately 
degraded rangeland; 1&3 slightly and heavily 
degraded rangeland and 2&3 moderately and 
heavily degraded rangeland.

Change in number of individuals: 26.8 individual 
plants of six species were counted in a unit area 
of slightly  degraded rangeland, 1.5 times higher 
in moderately degraded rangeland and 4.7 times 
higher at heavily degraded rangeland at Fescue-
forbs rangeland. The increase in species on 
degraded rangeland is explained by the growth of 
the forbs Arenaria capillaris, Potentilla acaulis, 

Artemisia frigida, A. commutata, Chamaerhodes 
erecta, Carex duriuscula, which occupied former 
bunch grass space (Figure 2). Percentage of sedge 
was high in all three types of degraded rangeland – 
95.2% was Carex duriuscula in heavily degraded 
rangeland. The number of grass individuals was 
31.3% int slightly degraded grass-forb rangeland; 
Artemisia was about 20 % and forbs were 35.7 % 
in moderately degraded rangeland. At the slightly 
degraded rangeland, palatable species such as 
Agropyron cristatum, Koeleria macrantha, 
Festuca lenensis and Poa attenuata grasses were 
grown; grass individuals were very few at the 
moderately and heavily degraded rangeland.

126.5

41.526.8
number of species 
number of individu-7 10 4Grass-forbs Artemisia-forbs Sedge-forbs
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Figure 2: Change of individuals in unit area of 
Fescue-forbs rangeland of mountain steppe

Degradation indicator species such as Artemisia 
commutate, A.frigida, Arenaria capillaris, 
Potentilla acaulis, Heteropappus altaicus, 
Chamaerodos erecta were grown at the moderately 
degraded Artemisia- forbs rangeland. Carex 
duriuscula was dominant at heavily degraded 
Sedge-forbs rangeland sites, as recorded by 
Yunatov (Yunatov 19680.

Conclusion
Following changes occurred in the degraded 
Fescue-forbs rangeland of mountain steppe:

1. The frequency of Festuca lenensis 
was decreased by 5-70 %, number of 
individuals was decreased by 98.3-99.9 
and bunch diameter was decreased 1.3-

3.4 times at three different degraded 
rangelands compare to normal rangeland. 
The percentage of Festuca lenensis in 
canopy cover and yield of total plants was 
decreased and its role as an edible species 
was lost.

2. A change in species composition of 
Fescue-forbs rangeland was observed, 
with a plant species dissimilarity of 0.55 
between slightly and moderately degraded 
rangeland, and the heavily degraded 
rangeland became dissimilar from other 
two types.

3. With increasing degradation of the original 
Fescue-forbs rangeland, the number of 
species in unit area was initially increased 
but sedge species dominated heavily 
degraded rangeland.
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Abstract
This study used global positioning systems (GPS) to understand grazing distribution of three cattle in 
the communal rangeland of Eastern Cape, South Africa. Free ranging cattle were randomly selected 
from participating households and were fitted with neck GPS collars, which recorded geographic 
position every five-minute interval during wet and dry season. The study identified three production 
domains where cattle were reported to be spending most of their time grazing, separated by bound 
polygons on google earth Pro to further extract MODIS EVI???. The recorded GPS points were loaded 
into google earth Pro to analyse the distribution of cattle grazing in the rangeland. The results revealed 
that cattle spent most of their time grazing in areas associated with human features such as areas around 
homesteads, paths and riparian zones. Furthermore, MODIS EVI showed high production taking place 
in the concentrated grazed areas, suggesting that cattle may be attracted to those grazing lawns because 
of high nutrient deposition through to the repeated visitation during grazing. This study will help in 
providing an informed basis for the development of South African communal rangeland policies for 
effective livestock management.

Introduction
South African communal rangelands make up only 
13% of agricultural land on account of colonialism 
under which the indigenous people were restricted 
to small areas, and land rights were delineated 
along racial lines through the 1913 Native 
Land Act (Samuels et al., 2007). The Eastern 
Cape regions have been subjected to traditional 
herding and ploughing, followed by large-scale 
abandonment, leading to substantial changes in the 
species composition of the rangeland, which are 
now dominated by the more robust, less palatable 
grasses such as Eragrostis plana, Hyperrenia hirta 
and Sporobolus africanus. This makes it important 
to understand livestock grazing distribution 
in communal rangelands as it affect species 
composition, vegetation cover and increase 
erosion. This is equally because livestock make 
use of a patchy mosaic of available forage in time 
and space (Scoones, 1992) in order to maximize 
intake. An understanding of livestock grazing 
distribution coupled with knowledge of the factors 
limiting the ability of the farmers to manage the 
grazing lands effectively, will enable graziers to 

think about ways to maximise forage utilization 
and potentially improve livestock production.

This study assessed the grazing distribution of cattle 
under a continuous grazing system, using Global 
Positioning Systems (GPS) to identify patterns of 
rangeland use where interventions would be most 
beneficial to improving livestock production. This 
will help in providing an informed basis for the 
development of South African communal rangeland 
policies for effective livestock management. An 
assessment of the areas that provide grazing for 
livestock and particularly those that provide key 
resources in maintaining livestock during the wet 
and dry seasons and when these areas are utilized 
was determined. These areas such as unimproved 
grasslands, cultivated lands and areas around the 
homesteads were determined.

Methods and Study Site
The study was conducted in the northern part of 
the Eastern Cape Province, South Africa, near 
Cala town in Mgwalana village (T12A). Livestock 

mailto:bgusha12@gmail.com
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herds are mostly dominated by sheep and cattle, 
with some including a few goats. The study site 
comprises vegetation of the Drakensberg foothills 
moist grassland (Mucina and Rutherford, 2006) 
which is a broad arc of Drakensberg mountain and 
its surroundings. The study site receives 654 mm 
(2000–2017) of mean annual precipitation during 
the summer rainfall period (Mucina and Rutherford, 
2006). There are 26 frost days, indicative of a 
sub-montane form of a warm cool temperate 
climate, and the mean annual temperature is 15 
°C. The study site is composed of important taxa 
of graminoids and geophytic herbs (Mucina and 
Rutherford, 2006).

Figure 1. Map of the study site where animal 
grazing distribution occurred in Mgwalana village 
(T12A).

Cattle grazing distribution

Three local Zebu-type cattle (Bos indicus) 
were selected as focal animals from herds of 
collaborating homesteads. Each animal was fitted 
with a CatLog GPS tracking device inserted in a 
secure, waterproof pouch sealed with silicon to 
prevent water damage and attached to a robust 
neck collar belt, individually adjusted to their neck 
size. The devices were inserted in collar belts that 
were placed on the animals for the wet season, in 
November 2016 and retrieved in February 2017, 
and then again fitted for the dry season in July 
2017 and retrieved in September 2017. [where the 
cattle herded or allowed to graze freely????]

MODIS Enhanced Vegetation Index (EVI)

The enhanced vegetation index from GEE product 
based on MODIS Terra surface reflectance for 
the period of livestock collaring was extracted 

to determine the active green growth of the areas 
where most grazing (domain) occurred in both wet 
and dry seasons.

Results
Google Earth images of cattle grazing during 
the wet and dry season

Figures 1 and 2 show the grazing distribution 
of three cattle during the wet and dry season in 
Mgwalana village. The different colours represent 
different animals and show that the animals spent 
most of their time grazing around the homesteads, 
around the riparian zones and unimproved 
grasslands. However, other animals did move and 
graze on unimproved rangelands during the day in 
both seasons.

Figure 2: Google Earth plot showing the grazing 
distribution of three different cattle during the wet 
season.

Figure 3: Google Earth plot showing the grazing 
distribution of three different cattle during the dry 
season.

MODIS EVI of the areas were livestock grazing 
occur

The mean EVI for production domains from 
January 2016 to December 2018 were both 0.27 
for cultivated lands and unimproved grasslands 
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and 0.29 for areas that are around homesteads (Figure 3). EVI for the wet and dry seasons were different, 
with the wet season showing high EVI values of 0.3- 0.4.

Figure 4. MODIS EVI for three grazing areas used from January 2016-December 2018

Discussion and conclusion
Livestock grazing distribution patterns

The results of livestock distribution patterns 
for the wet and dry seasons show that, during 
the daytime grazing periods, livestock spend a 
great deal of their time strongly associated with 
human features, for example, homesteads, along 
roadsides, in abandoned cultivated lands and 
riparian zones. This strong association is possibly 
due to the active green growth around these areas; 
even though the grazing resource is very limited, 
the grass is generally very short, and is mainly 
stoloniferous species and does not offer much bulk 
forage (Palmer and Ainslie, 2009). However, cattle 
are able to ‘learn the landscape’ (Launchbaugh and 
Howery, 2005) and know that they have to come 
home, which may be one of the reasons for the 
strong association with anthropogenic features. 
On the other hand, cattle grazing pattern for both 
seasons were similar, with grazing preference 
around homesteads. This suggests that, in both 
seasons forage on unimproved land is not being 
used as effectively as it might be. These findings 
provide an important insight into livestock foraging 
preference on areas that are close to homesteads in 
the study site. Cattle have demonstrated a strong 
preference for key resources that are available in 
these areas where grass in the rangelands in mostly 

avoided. However, preferred in the dry season by 
cattle when preferred vegetation in key areas have 
become depleted. The use of key resource areas by 
cattle results in exploitation of resources and may 
later contribute to accelerated degradation of these 
resources

The findings from this study have an important 
implication for rangeland management policy 
in communal areas such as the introduction of 
committee set by the local people to look at the 
management of rangeland use. The use of key 
resource areas by cattle results in exploitation of 
resources and may later contribute to accelerated 
degradation of these resources [need for 
herders???? are sheep herded and cattle roam 
free???]
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Abstract:
Grasslands are known to host crop pests and may act as the reservoir of pests affecting maize production. 
This research aimed at determining the effect of grassland composition on abundance of stemborers on 
grasses sorrouding maize farms in western Kenya. The experimental set up followed a complete random 
block design (CRBD); with four elevations at Lambwe, Homabay, Luanda and Mt. Elgon assigned as 
blocks based on different altitudes. Sampling was done in two seasons, during the short rain season 
of 2019 and the long rain season of 2020. Grasslands surrounding four pairs of push-pull and non-
push-pull maize farms were assessed. Data on grass species diversity and the corresponding number of 
stemborers were collected from five quadrates per transect of 500 m, for four transects per farm. The 
four transects originated from the midpoint of push-pull and non-push pull maize farm. A mixed design 
analysis of variance was used to test for variance within the elevation’s variability. The most common 
types of grasses surrounding most of the maize farms were mainly Cynadon dactylon and Immensis spp. 
These results point at the role of grasslands surrounding maize farms as reservoirs for the stem borers 
which need to be managed to reduce stem borer and fall armyworm infestations in the surrounding 
maize farms.

Introduction
Lepidopteron stem borers attack maize, they are 
poly/oligo-phagous and feed on both cultivated 
and wild plants such maize and grasses. Larvae of 
these stem borers cause damage by feeding on all 
parts of maize plant except roots and feed on almost 
82 % of maize plants in the field (Mwalusepo et 
al., 2015). Additionally, larvae feed on immature 
cobs, silks and tassel (Reddy et al., 2003) causing 
high yield losses.

The original hosts for cereal stem borers are the 
wild grasses and sedges and the pest species have 
maintained a close association with their wild 
habitats (Haile and Hofsvang 2001). The density, 
abundance and diversity of grasses in a landscape 
may affect the occurrence and abundance of 
lepidopteran pests through providing them a 
habitat and favoring oviposition by lepidopteran 
moths (Kfir et al., 2002). A previous study 

recommended that grasses surrounding maize 
farms should be destroyed to reduce stem borer 
infestation on the main crops. However, this 
recommendation was made without showing how 
the wild grasses determine the abundance of the 
stem borers in the maize farm. There was a need 
to understand the relationship between abundance 
and species richness biomass of grasslands in 
a landscape context on the abundance of stem 
borers and fall armyworm pests and the severity 
of their attack in surrounding maize plantations. 
Therefore, the objectives of this study were to 
1) determine the relationship between grass 
composition, abundance and biomass with 
stem borer and fall armyworm numbers, and 2) 
determine effect of grasslands disturbance on 
the number of stem borers and fall armyworm in 
grasslands surrounding maize farms.
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Materials and methods:
Study site

This study was carried out in Western Kenya 
region at four different sites, namely; Lambwe, 
Homabay, Luanda/Vihiga, and Mt. Elgon. These 
sites have maize as the predominant cereal crop 
and lie within different elevations above sea level 
as follows: Lambwe (1000-1200 meters above 
sea level (masl)), Homabay (1200-1400 masl), 
Luanda (1400-1600 masl) and Mt. Elgon (1600-
1800 masl).

Experimental design

This study followed a complete random block 
design (CRBD); the four elevations were assigned 
to blocks based on different altitudes. The study 
was done in two seasons, during the short rain 
season of 2019 and the long rain season of 2020. 
Four categories of elevation, Lambwe, Homabay, 
Luanda and  Mt. Elgon were studied: A total of 16 
pairs of farms were used (push-pull and non-push 
pull fields). 

Sampling procedure

Sampling methods was use of plot-less sampling. 
The geographical coordinates of each maize field 
site were obtained using a handheld GIS product 
(Model “MG768”). After identifying the starting 
point, four transects were established to the East, 
West, North and South from that point right in the 
middle between the two fields in a pair (push-pull 
and non-push-pull). In each direction from the 
starting point, five quadrates were established at 
100 m, 200 m, 300 m, 400 m, and 500 m along the 
transect. The centre between push-pull and non-
push-pull plots were located and the GPS location 
of the centre was recorded. On a 500 m transect line, 
five quadrates at 100 m interval was determined. 
The location for setting up the quadrates was 
selected according to the highest abundance of 
grasses. A 0.25 m2 (0.5 m x 0.5 m) quadrate was 
made using a sampling frame. Beginning in one 
corner of the quadrate, the number of species 
of grasses in the quadrate were identified and 
recorded. The percentage grass cover was also 
determined. The grass sample was collected for 
biomass estimation. Then walking back to the 
centre and taking the direction perpendicular to 
the first transect line was done while repeating 
with other four quadrates at an interval of 100 m 
on a 500 m transect line. This was repeated in the 

directions at right angles to the latter so that all the 
four radii of the area were sampled.

Determination of grass biomass

All the grasses in the sampling frame were cut off; 
removing forbs where applicable and placed in 
marked bag weighing directly to get fresh weight 
in the field (g/0.25 m2) chopping all samples and 
mixing them well before taking sub-samples. 
About 50 g was weighed as a sub sample and 
placed in a marked paper bag. The sub-sample was 
placed in an oven and dried to a constant weight 
at 85 °C for 48 hours. The oven dried sample was 
weighed to get its dry weight. The total dry weight 
of the grasses sampled in 0.25 m2 was determined.

Estimation of stem borer and fall armyworm 
abundance in the grasslands surrounding maize 
farms

Stem borer and fall armyworm abundance and 
incidences was determined by trapping adult moths 
using sweep net and incidences assessed based 
on dead hearts and white head on maize farms 
whenever the quadrates on the transect were found 
on the maize farms. The larvae of stem borers and 
fall armyworm were picked using forceps into 
Eppendorf containers with 70 % alcohol.

Statistical Analysis

Analysis of variance (ANOVA) using a mixed 
model (SAS, 1997) was used to assess the 
effects of grasses composition, biomass and 
abundance on the abundance of the stem borers 
and fall armyworm on the grasslands surrounding 
maize farms. ANOVA was used again to see the 
differences in biomass, species richness and 
species abundance across different elevations. 
Multiple paired T-test was used to find out the 
comparisons of species richness, abundance 
and biomass between Vihiga and Mt. Elgon and 
Lambwe and Homabay.

Results
Grass composition, abundance, biomass 
and grass percentage cover in grasslands 
surrounding maize farms

A total of 61 different species were identified in 
2019 during the short rain season across the four 
elevations. A total of 75 different species were 
identified in 2020 during the long rain season. 
There were three dominant grass species and 
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majority in abundance across the four elevation 
both in 2019 and 2020 seasons. Cynadon dactylon 
(227), Immensis spp (178), and Cymbogon nardus 
(154) in 2019. Cynadon dactylon (291), Immensis 
spp (181) then followed by Cymbogon nardus 
in 2020. The minority of grass  species in 2019 
were Digitaria scalarum (1), Brizantha spp (1) 
and Chloris gayana (1) and for 2020 minority 
being Hyparrhenia pilgerana (1), Sorghum 
arundinaceum (1) and Melinis minuteflora (1).

There was significance difference in the 
abundance of grass species, (p=.000) for both 
2019 and 2020. The abundance of grasses species 
in Vihiga, Mt. Elgon, Homabay and Lambwe was 
307, 243, 253, and 215 grasses respectively in 
2019. In 2020, the abundance of grass species for 
Vihiga, Mt. Elgon, Homabay and Lambwe  being 
264, 236, 220, 198 grasses respectively.

Grass percentage cover was different across the 
four elevations during 2019 with a p value of .020. 
There was much significant difference between 
Vihiga and Lambwe for both 2019 and 2020. In 
2020 season there was different percentage cover 
across the four elevations with a p value of .032.
There was significant difference on the amount 
of biomass distribution across the four elevations 
(p=.000) for both 2019 and 2020 seasons.

Relationship between grass composition, 
abundance and biomass with stem borer and fall 
armyworm numbers

All the four elevations during the short rain season 
in 2019 didn’t show any relationship between 
grass species, grass composition, grass percentage 
cover and grass biomass with the abundance/
presence of the stem borer and fall armyworm. 
Only in Lambwe where there significant 
relationship between percentage grass cover with 
the abundance of stemborer and fall armyworm 
(p=.010).

There is only significant relationship between the 
grass species abundance and with the abundance/
presence of stem borer and fall armyworm (p=.026) 
in Vihiga for 2020. In Mt. Elgon, statistical    
results were not signicant. There was significant 
relationship only between the grass species 
abundance with the abundance/presence of stem 
borer and fall army worm (p=.27) for Homabay. 
For Lambwe, there was no statistical significance 
for the relationship between grass species richness, 
abundance, grass percentage cover and biomass 
with the abundance of stem borer.

The types and abundance of borers identified 
were:

In Vihiga, Chilo partellus larvae 44, Chilo partellus 
moth two (2), with a p value of .994. In Mt. Elgon 
chilo partellus larvae 24, Chilo partellus moth 
seven (7), with a p value of .675. In Homabay Chilo 
partellus moth four (4), Chilo partellus larvae 17, 
with a p value .717 and in Lambwe Chilo partellus 
larvae four (4), with p=.995. In 2020, Vihiga had 
Chilo partellus larvae 41, Chilo partellus moth 
two (2). In Mt. Elgon, Chilo partellus larvae 19. In 
Homabay Chilo partellus larvae seven (7), all the 
p values were greater than .05.

For 2019, the quadrates that had Immensis spp had 
a total of 22 borers both fall armyworm and stem 
borer, Cymbogon nardus had a total of 11 borers, 
Cynadon dactylon had a total of 25 borers. The 
minority species had a total of one (1) borer for each 
across all the quadrates. For 2020, the quadrates 
that had Immensis spp had a total of 48 borers both 
fall armyworm and stem borer, Cymbogon nardus 
had a total of four (4) borers, Cynadon dactylon 
had a total of 40 borers. The minority grass species 
for 2020 had no borers associated with them.

Discussion
Across the four elevations there was different 
composition of grasses, grass percentage cover, 
biomass and grass abundance and the distribution 
of stem borer and fall armyworm. Across the 
four elevations there were three majority of grass 
species richness both in 2019 and 2020. The 
grass percentage cover, grass species richness, 
abundance and biomass affects stemborer in the 
grasses surrounding maize farms, thus grasses 
acting as reservoirs.

The difference in grass percentage cover, 
abundance and biomass in 2019 and 2020, is 
highly related with  the different seasons of 
rainfall. For 2019 sampling was during the short 
rain season and during 2020 there was high amount 
of rainfall which led to even many numbers of 
species richness. Imensis spp, Cynadon dactylon 
and Cymbogon nardus are the most appearing in 
numbers in both seasons because they are well 
adapted during the both seasons. For biomass in 
2019, Lambwe had the highest mean and species 
numbers, followed by Homabay, Mt. Elgon and 
then Vihiga. Mostly because in Vihiga there is high 
population of people, thus little space left for grass 
to grow. In 2020, Lambwe had the highest mean 
of biomass, followed by Homabay, Vihiga and 
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then Mt.Elgon, this because Lambwe is semi-arid, 
sparsely populated with people with large space 
being left fallow, thus a lot of grasses growing in 
the area. Vihiga having the highest amount of grass 
biomass than Mt. Elgon in 2020 was contributed 
by high amount of rainfall in Vihiga during this 
season that made Vihiga had the highest mean of 
biomass than Mt. Elgon. In 2020, Homabay had 
the highest species numbers followed by Lambwe, 
Mt. Elgon and then Vihiga.

There is no relationship between grass species, 
grass biomass and abundance with the abundance 
or presence of stem borer during the season of 
2019 for the four elevations apart from only 
Lambwe where the high grass percentage cover 
had relation with the abundance of stemborers. The 
many grasses acted as reservoirs for the borers. 
In 2020, for Vihiga there was only relationship 
between grass abundance with the abundance or 
presence of stem borer but for the biomass, grass 
percentage cover and species richness there was no 
statistical significance. In Homabay there is only 
relationship between the grass species abundance 
with the abundance or presence of stem borer, but 
for grass species richness and biomass they were 
not significant. The many grass species also acted 
as reservoirs for the borers. In Mt. Elgon statistical 

results were not significant; all the p values were 
greater than .05. Thus there was no relationship 
between the grass species richness, abundance and 
biomass with the abundance of stem borer. For 
Lambwe, also there was no statistical significance 
for the relationship between grass species richness, 
abundance and biomass with the abundance of stem 
borer; the p values were greater than .05. Previous 
studies done by Ndemah et. al., 2002 and Kfir et. 
al.,2002 indicated that the density, abundance and 
different diversity of grasses in a landscape affects 
the occurrence and abundance of the stem borers 
through providing with them a habitat and favoring 
oviposition by the stem borers.

Conclusions.
Grasslands acts as trap plants for stem borer during 
the off cropping season as seen from the study. 
There is difference in grass composition, grass 
percentage covers, grass abundance and biomass 
in the four elevations. The relationship between 
grass composition, grass abundance and biomass 
with the presence or abundance of the stem borers 
in the grasses is not guaranteed, although in some 
elevations like Vihiga and Mt. Elgon the grass 
species abundance had a relationship with the 
presence of the stem borer.
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Abstract
An analysis of forbs from 9 years of Plant Census protocol (NRI 2019) is compared to data from the 
Line Point Intercept (LPI) protocol. Both protocols were conducted on the same geospatially separate 
macroplots (N=1230). The macroplots locations were stratified by NRI based on a land hierarchy which 
has had long- term use in the United States (Salley et.al., 2015). This ties vegetation and land together in 
the data. The analysis showed that the 15-minute plant census method increased forb species data by 29 
percent over the LPI method which takes 40-60 minutes. Both methods captured similar total ratios and 
rank of all functional groups inventoried. The inventory, measured from a uniform plot size, allows plant 
census forb data to be further analysed by constancy at various land scales. Results provide examples of 
the forb data used to help identify character species affinity for land hierarchical sites, regional floristics, 
functional-structural group composition, and assist in future plant identification and awareness training. 
The Plant Census protocol increases data with very little time investment. Ecological studies with deeper 
forb focus would benefit by adding the Plant Census protocol.

Introduction
Forbs are important for Ecological Site resilience, 
wildlife and pollinator habitat, as well as soil 
and forage management issues. The multi-
faceted ecology that forbs are known to express 
discourage a focus on forbs in range ecology 
studies. The seasonal timing of bloom and 
interannual variability of bloom flushes limit 
observation at time of data collection. Protocols 
that measure total annual production kg/ha/yr often 
show forbs making up less than 10% of the total 
weight. Yet forbs constitute the largest component 
of herbaceous species richness in world grasslands, 
shrublands, and savanna ecosystems as reviewed 
by Siebert and Dreber (2019). Inventory protocols 
that increase forb species diversity as part of the 
data collection answers Siebert and Dreber’s call 
for more organized forb studies.

Data used in this analysis was collected generally 
within a 90-day collection period each of the 
9 years. Ecological site land units inventoried 
over the years accumulated some interannual 
variability in forb expressions. Flush of blooms 
draws attention during the protocol and certainly 
aides in positive species identification of forbs by 
the data collection teams.

Materials and methods
I reanalysed 9 years (2009-2017) of plant 
species composition data from 2 protocols to 
compare success at capturing forb data. The 
data was obtained from the U.S. NRI nation-
wide longitudinal sample of on-site conditions 
of grassland and shrublands. The NRI applies 
a stratified weighting to each location. That was 
not  applied here. The analysis used species counts 
from 1,230 macroplots (0.162 ha) collected over 
9 years in a single Major Land Resource Area 
(MLRA). I compared the Plant Census protocol to 
the Line Point Intercept from the same macroplot 
data set to determine if the interpretations were 
sensitive to the method of data collection.

The Plant Census protocol is a 15 minute species 
search. Identify all plants in the macroplot 
(60-meter diameter  circle) by genus and species. 
Time used to key out/identify plants is not included 
as search time. A macroplot tally is estimated for 
each species and placed in one of five different 
categories from 10-1,000 individuals. The Line 
Point Intercept protocol captures foliar canopy by 
species including understory foliar canopy hits. A 
2-mm diameter wire pin flag of adequate length is 
dropped vertically at 90 degrees over the mark on 
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the transect. Foliar or basal contact with the wire 
captures up to 6 species hits, litter layer, and basal 
cover per mark for 101 marks.

Constancy of all forb species data is summarized 
at the MLRA scale containing 60 Ecological 
Sites. Constancy at the Ecological Site scale was 
filtered to include only the forbs that had at least 
6 locations of data collected on the same site over 
the 9 years.

The data locations are in the Malheur High Plateau 
MLRA-23 comprised of 59,320 square kilometres 
with 84 % grassland cover. The elevation is from 
1,190 to 2,105 meters and precipitation is in the 
150-305 mm precipitation zone in the Pacific 
Northwest of the United States. The Malheur High 
Plateau geology of andesite and basalt is entirely on 
an intermontane Plateaus. The present grasslands 
have high botanical diversity potential with 
minimal landscape disturbances or fragmentation.

The Ecological Sites were confirmed in the field 
by soil type, physiognomy, and landscape position. 
An Ecological Site is a conceptual division of 
land for management and inventory. Defined as 
a distinctive kind of land based on recurring soil, 
landform, geological, hydrological, and climate 
characteristics that differs from other kinds of land 
in its ability to produce distinctive kinds, amounts, 
and proportions of vegetation and in its ability to 
respond similarly to management actions and 
natural disturbances.

Results
The constancy analysis of species from three 
primary functional groups of grass, forb, and 
woody revealed that both methods captured an 
equal proportionality of species. Forbs made up 61 
% of the Plant Census while LPI forbs were 56 % 
of the total. Grasses made up 18 % and 24 % and 
Woody (includes subshrub) was 20 % and 19 % 
respectively. However, the total number of species 
was 24 % higher from the plant census compared 
to LPI. The Plant Census functional group Forbs 
were 29 % higher; Grasses were about equal in 
number and Woody species were 28 % higher. 
The Plant Census method yielded more species 
and higher percentages of forb and shrub species. 
This indicates that resilience of functionality is 
supported by many forb species.

Estimated number of individual plants/species 
were tallied during the plant census 15-minute 
protocol. Forbs collectively averaged slightly 

above 100 plants per 0.162 ha while grass plants 
averaged above 500 and woody averaged in the 
11-100 tally.

I tested to see if spatial scale influenced forb 
numbers. I compared data sets limited to one State, 
one MLRA and 60 Ecological Sites to a larger 
scale of 5 states, 6 MLRAs, and 12 Ecological 
Sites. The 5-state spatial scale showed a similar 
dominance ratio of Forbs (43 %) more than Grass 
(31 %) more than Wood (26 %).

Results of the analysis at the MLRA scale 
(1:3,500,000) counted 209 individual forb species 
with a resulting mean constancy of 0.03 with a 
range of 0.02-0.13 at the 25 and 75 percentiles. The 
highest individual constancy of 0.63 belonged to a 
native perennial leguminous forb (Lupineus) with 
toxic compounds. Livestock are managed to avoid 
consuming this plant which may make it more 
observable on-site and across the season and years.

Forbs were identified into 12 functional groups 
using USDA Plants Database for duration, 
introduced or native, and seasonality. Seasonality 
of flowering is important to timing of inventroy. 
Five broad groups resulted in 56 % Perennial 
Forbs: 6 % Introduced Perennial Forbs; 23 % 
Annual Forbs; 14 % Introduced Annual Forbs; 4 
%  Perennial Monocot Forbs for the entire MLRA 
data set. Spring flowering perennial forbs had the 
highest constancy while introduced summer annual 
forbs had the lowest. Perennial forbs averaged 9 
% constancy while Annual Forbs averaged 8 %. 
Introduced forbs made up less than 20 % of the 
total forb species in number but had only slightly 
less constancy than the native species.

Goodness of Fit analysis compared the number of 
locations per ecological site with the corresponding 
number of cumulative species encountered. 
Between 83 (R2 =0.82) and 248 (R2 =0.57) 
locations per ecological site are needed to fully 
characterize the total forb species diversity. Two 
Ecological Sites: Sandy Loam (28 locations) and a 
Claypan (47 locations), still had new forb species 
being encountered on more than 70 % of their 
macroplot locations. Grass and Woody seem to 
have met a sampling plateau of adequate locations 
collected for the purpose of developing a species 
list common to the MLRA.

Results of the analysis at the Ecological Site scale 
(1:24,000), dataset was limited to 32 Ecological 
Sites and 70 forb species which occurred on 
Ecological Sites with at least 6 macroplot locations. 
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Of these, 9 forbs had average constancies greater 
than 0.40. Less constant or rare forbs (0.03 or 
less) included 25 species. Data collection team’s 
recognition of these low constancy forbs can 
clarify if these are rare or just inconspicuous.

The species scale (x, y) were grouped by mean 
constancies of 0.21-1.00; 0.11-0.20; and 0.06-
0.10. Resulting in forb species groups of 14%, 
33%, and 53% respectively.

A native annual forb (Collinsia grandiflora 
COGR2) was found on 11 of the MLRA’s 
ecological sites with a mean constancy of 0.23 
on a possible 236 locations. With Ecological Site 
names like Pumice Claypan; Gravelly Terrace; and 
Lava Benches these Native Annual Forb might be 
an indicator or character species for these harsher/
drier sites.

Discussion
The number of unique forb species identified at 
the MLRA land hierarchy scale increased by 29 
% with the more inclusive time-limited plant 

census protocol. Flush of blooms draws attention 
during the protocol and certainly aides in positive 
identification. The multi-year sampling design 
helps capture interannual variation.

Constancy is not a measure of ecological change 
by itself but can be used for comparing functional 
groups if the sampling or monitoring designs 
are established on a sufficiently sized macroplot. 
Constancy helps with organizing functional groups 
like forbs that are occupied by numerous species.

The Plant Census protocol is inclusive and time 
efficient for collecting inventory data at broad 
MLRA and local Ecological Site scales. The 
inventory gathered can further inform which 
elements to include in studies of ecological 
change; identify character species; and serve as 
preliminary database of forb species in regional 
floristics.
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Abstract
Integrated Orderly Classification System of Grassland (IOCSG) was initiated by Professor Ji-Zhou Ren 
in the 1960s and it has satisfactorily served to direct theory and practice of grassland classification for the 
last several decades in China. In this study IOCSG is adopted to classify the grasslands in Yobe state 
Nigeria, using 30 years (1984-2013) data on precipitation and temperature from 12 satellite stations 
across the state. Humidity (moisture index) was estimated as the ratio of precipitation per annum to 
annual temperature. The results revealed a trend of decline in precipitation and moisture index with 
latitude; from 772.63 mm and 0.72 in the south (110 08’ N) to 303.81 mm and 0.32 in the northern part 
of the state (130 27’ N), respectively. The average cumulative annual precipitation and moisture index 
in ten (10) of the stations ranges from 772.63 mm and 0.72 to 436.50 mm and 0.41 respectively. While 
the remaining two (2) stations recorded 407.77 and 303.81 mm as cumulative average precipitation as 
well as 0.38 and 0.28 as cumulative average annual moisture index. The Average cumulative annual 
temperature in the state was >100000C across the stations. Two grassland class; Tropical arid and 
Tropical extra-arid grasslands were identified in the state at the first level of IOCSG. Therefore, tropical 
arid grassland management techniques should be fully employed for efficient utilization of grassland 
resources in the study area and further classification of the grasslands into subclasses using edaphic 
conditions, according to the IOCSG should be carried out.

Introduction
Grassland classification is the theoretical 
foundation of grassland science, which provides 
the necessary basis for the evaluation of the 
grassland role in the society and its overall regional 
production (Ren et al., 2008). African continent 
contains significant percentage of terrestrial area in 
the world. Grassland classification particularly in 
Nigeria has been vegetation-based classification, 
where Nigerian vegetation is classified into 
coastal (mangrove, fresh water swamp), rain belt 
(rainforest), Guinea savanna (woodland and tall 
grass savanna, Montane), Sudan savanna (short 
grass savanna) and Sahel savanna (Marginal 
savanna) (Shiawoya and Tsado, 2011). However, 
this classification is too broad and vegetation 
specific, it does not accommodate other climatic 
and edaphic factor, as well as changes in species 
type that will provide basis for estimation of 

grassland productivity.

Being a dynamic system of grassland 
classification, the IOCSG adopted in this study, 
is amenable to global application, and is also 
an open system that can accommodate any new 
grassland type (Ren et al., 2008). It involves 
three classification levels: class, subclass, and 
type. Therefore, this study seeks to determine the 
grassland class in Yobe state Nigeria using the 
IOCSG.

Methods and Study Site
Yobe State is one of the 36 states of Nigeria 
situated at a Latitude 10.578-13.3770 N and 
Longitude 9.654- 12.6890 covering 47,153 km2 
(Fig. 1b). Thirty (30) years (1984-2013) data on 
rainfall and temperature from 12 satellite stations 
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(S1-12) across the state were obtained from https://globalweather.tamu.edu (Fig. 1c).

Figure 1(abc): World map showing Nigeria, Nigerian map showing Yobe state and Yobe state map 
showing the location of the satellite stations (S1-S12)

The mean annual cumulative rainfall, temperature, 
and humidity were used to classify the grasslands 
according to the index chart for determining 
grassland class in the IOCSG (Fig. 2) (Ren et al., 
2008). Humidity (moisture index) was calculated 
from the rainfall and temperature data according 
Ren et al. (2008) as follows:

Figure 2: IOCSG index chart for classification of grasslands (Ren et al., 2008)

Where: r is annual precipitation and ∑   is annual 
cumulative temperature.

Maps were generated using ggplot2 package 
(Wickham, 2016) and other supporting packages 
in R statistical software (R Core Team, 2020).

https://globalweather.tamu.edu/
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Results

(2) The results revealed that average cumulative 
annual rainfall decline from 772.63 mm in the 
southern part of the state (S12; 110 08’ N) to 
303.81 mm in the northern part of the state (S1; 
130 27’ N), respectively. However, the average 
cumulative annual temperature in the state was 
generally >100000C across all the stations (Fig. 
3). Similarly, the humidity also shows the same 
trend as rainfall. The values for the humidity 
declined from 0.72 in S1 to 0.28 in S12 (Fig. 4). 
The average cumulative annual precipitation 
and moisture index in ten (10) of the stations 
ranges from 772.63  3 mm and 0.72 to 436.50 
mm and 0.41 respectively. While the remaining 
two stations recorded 407.77 and 

303.81 mm as cumulative average precipitation 
as well as 0.38 and 0.28 as cumulative average 
annual moisture index. Generally, two classes of 
grasslands were identified using the IOCSG index 
chat. These grasslands are tropical grassland 
in the northern part of the state and extra-arid 
grassland in the northern part of the state (Fig. 5).

Fig. 3: Rainfall and Temperature recorded from 
12 satellite stations in Yobe state

Fig. 4: Humidity (Moisture index) of the 12 
satellite stations in Yobe state

Fig. 5: Map of Yobe state showing the different 
grassland class using IOCSG

Discussion
This study uses the first level of IOCSG, which 
requires only rainfall, temperature and computed 
moisture index to classify grassland. The results 
obtained for rainfall were in agreement with 
the rainfall situation reported by Hassan et al. 
(2019). They acknowledge variation in total 
annual rainfall and its distribution across the 
state and attributed the condition to the severe 
drought experienced in some parts of the state. 
On grassland classification, grassland of an area 
with a cumulative annual temperature above 
80000C is considered tropical grassland (Ren 
et al., 2008). Hence, the cumulative annual 
temperature across the state, as obtained from 
the satellite stations, strongly indicated that the 
area’s grassland is tropical grassland. Using 
the computed humidity and the IOCSG index 
chart, two grasslands classes (Tropical arid and 
Tropical extra-arid grasslands) were identified in 
Yobe state Nigeria. Yobe state is categorised as 
one of the states with a severe desertification rate 
(Olagunju, 2015), which is typical of an arid area. 
Therefore, tropical arid grassland management 
techniques should be fully employed for efficient 
utilization of grassland resources in the state, 
and further classification of the grasslands into 
subclasses using edaphic conditions, according 
to the IOCSG should be carried out.

Acknowledgements
We acknowledged the help of Dr. Abdullahi 
Hassan Gana, Dr. Saheed Jimoh Olaide and Mr. 
Taofeek O. Muraina.



64

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

References
Hassan, A.G., Fullen, M.A. and Oloke, D., 2019. Problems of drought and its management in Yobe 

State, Nigeria Weather and Climate Extremes, 23, 100192 (Elsevier B.V.) city

Olagunju, T.E., 2015. Drought, desertification and the Nigerian environment: A review Journal of 
Ecology and The Natural Environment, 7, 196–209

Team, R. C. 2020. R: A language and environment for statistical computing (R Foundation for 
Statistical Computing: Vienna, Austria)

Ren, J.Z., Hu, Z.Z., Zhao, J., Zhang, D.G., Hou, F.J., Lin, H.L. and Mu, X.D., 2008. A grassland 
classification system and its application in China 199–209 City and Publisher

Shiawoya, E.L. and Tsado, D.N., 2011. Original Original Original Original Article Agricultural Science 
Forage and Fodder Crop Production in Nigeria: Problems and Prospects Prospects. World Journal 
of Life Sciences and Medical Research, 1, 88–93

Wickham, H., 2016. ggplot2: Elegant Graphics for Data Analysis (Springer-Verlag: New York



65

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

Habitat, phenology, and seed studies of Citrullus colocynthis in Lut Desert, Iran 
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Abstract
Colocynth is one of the major medicinal plants that naturally grows in deserts of Middle East and North 
Africa. Extending cultivation of this species is useful for sand dune fixation and for making incomes for 
the needy inhabitants. Despite of numerous studies on seed germination, there are still debates on best 
method of seed dormancy breaking for colocynth. Moreover, seed morphology, phonological stages, 
and habitat conditions of this species are not fully studied. In a flat plain of Gonabad, located at the 
edge Lut desert, we established line transects of 200 m and plots of 4×4 m, where vegetation parameters, 
phenology, and soil characteristics of Colocynth habitats were studied. Soil of study area was classified 
as slight alkaline, where pH varied between 7-7.5 in open and 8-8.11 under the canopy of colocynth. 
Two weeks pre-chilling at 5 °C and day/night temperature range from 25-40 °C significantly increased 
seed germination.  In the study area colocynth was detected as a perennial herb with long and ligneous 
roots (>120 cm depth). Its vegetative growth starts at mid-May, seed ripening and shedding occur in 
October and November respectively. Average fruit volume was 2.62 m3 and seed number counted in 
each fruit varied between 250 to 420 by the length of 4 to 7 mm and 2-4 mm width. Bigger size fruits 
contained highest seed number, hence the full maturity stage is best harvesting time in terms of both 
economic value and seed viability.
Introduction
Citrullus colocynthis is an important medicinal 
herb (Adam et. Al., 2001) that is adapted to the 
arid environments of Middl East and North Africa 
(Schafferman et al., 1998; FAO, 2017). According 
to studied sources Colocynth is important for its 
seeds oil, fruit, and pulp materials. Poor seed 
germination is one of the main problems in 
propagation of colocynth, hence several studies 
have been designed and performed to solve this 
problem. The effects of applying KNO3, gibberellic 
acid, pre-chilling, scarification (by using sulfuric 
acid and sand paper), and day/night temperatures 
have been tested on seed germination of colocynth 
(Abdollahi et al., 2010; Ebadi and Miri 2013; 
Ghasemi and Masoumi 2014). Miri et al., 2013) 
found that 12-week stratification and alternates 
temperatures of day and night (35 and 15 degrees 
were the best treatments. Whereas, Abdollahi et 
al., 2010 reported scarification by sulfuric acid, 
and 6 weeks prechilling as the best seed dormancy 
breaking treatments. Therefore, previous 
researches indicate both physiological (immature 
seeds) and morphological (hard seed coat) aspects 
as the main reasons for low germination of 
colocynth, but there are still controversies on the 
best seed germination treatments. Sen and Bhandri 
(1974) studied regeneration of colocynth in natural 

habitats and concluded poor regeneration rates of 
this species. They also found that by producing 
adventitious roots at older nodes of colocynth, the 
new plants would be reproduced in the next season 
and improve propagations. Once the new plants 
are established in the desert, the propagations 
persist by seeds years after years. Despite of a 
rich literature on medicinal properties and seed 
germination requirements of colocynth, there are 
still debates on the best seed dormancy breaking 
treatment. Furthermore, geographic distribution, 
seed morphology, and phonology of this species 
are not intensively studied. Therefore, our 
research was aimed on studying the auteecology 
of colocynth in Lut desert of Iran.

Material and Methods
Botany: Citrullus colocynthis (L.) Schrad 
(Colocynth) as a perennial forb has rough angular 
stem with fleshy and rough leaves. The blooms are 
solitary pale yellow. Each plant produces about 15 
to 30 round fruits (almost 5-6 cm) with extremely 
bitter taste. The calyx englobes the yellow-green 
fruit which becomes marble (yellow stripes) at 
maturity. The mesocarp is filled with a soft, dry, 
and spongy white pulp, in which the seeds are 
embedded. Each of the three carpels bears six 
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seeds. Seeds are brown and 5 mm long by 3 mm 
wide. They are edible but similarly bitter, nutty-
flavored, and rich in fat and protein. They are 
eaten whole or used as an oilseed (Rechinger et 
al., 1997). Both male and female flowers are on 
same plant.

Distribution: Colocynth is widely distributed in 
the Sahara, Arabian, Africa, and the Mediterranean 
regions including the countries of Cyprus, Syria, 
Lebanon, Jordan, Iran, Turkey, Afghanistan, 

Pakistan, India, Israel, and Egypt (Shafferman et 
al., 1998). This species occurs in many places in 
Middle East, including the hot deserts, in sandy 
soils and in wadies. In Iran, this species occurs in 
Gonabad, Bajestan, Sarakhs, Zaboul, Zahadan, 
and Kerman. (Figure  1).

Study area: Our study area was located at 
longitudes of 58°, 33’, 24” E and at latitudes of 34° 
35” 8’ N with the elevation of 1105 m in Gonabad, 
Iran.

                                       A                                                                            B

Figure 1. A. Distribution of Colocynth (blue circle) in Middle East (Robinson and Decker-Walters, 1997) 
and B. Natural habitat of C. colocynthis in the flooded terrain of Gonabad Desert, Iran.

Sampling: To measure the vegetation of study 
area, a representative stand of colocynth habitat 
was selected. Based on the dimension of habitat 
which occurred in a flooded catchment, 5 line 
transects of 200 m length were established vertical 
to the slope down to the catchment. Plots of 
4×4 m were established at intercepted plants of 
colocynth. Vegetation parameters of plant cover 
and litter were measured at early stage of flowering 
(July-August, 2016 and 2017). The phonological 
stages of colocynth were recorded at every two 
weeks during growing season (May-November) of 
2016 and 2017. Seeds of colocynth were collected 
in early November of 2017. Soil samples were 
collected at depths of 0-30, 31-60, 61-90, and 91-
120 cm in understories of colocynth and in adjacent 
open area (1-meter distance from plants). The 
soil characteristics of texture, moisture, pH, EC, 
sodium adsorption ratio (SAR), exchangeable 
sodium percentages (ESP), and organic matter 
were measured (Kim 2005).

Seed viability and germination tests: Seeds were 
washed by distilled water and tested by tetrazolium 
chloride in 24 hours for their viability. To simulate 
seed germination of colocynth in its natural habitat 

condition and based on the pervious experiments 
(e.g. Ebadi and Miri 2013.), our experiments were 
conducted as separate tests under treatment of 
temperature ranges of 14-27, 15-32, and 25-40 °C. 
Lower and higher temperatures were for nights 
and days, respectively. Pre-chilling (keeping seeds 
for 10 days in 5 °C.) and control treatments were 
applied with 20 seeds in each of 3 replicates. Mean 
germination time (MGT) was measured (Copeland 
and McDonald 2001).

Statistical analyses: Germination percentages and 
mean germination time (MGT) of three temperature 
levels under control and pre-chilling treatments 
were separately analyzed by using one-way 
ANOVA. The relationships between cumulative 
values of germination speed and germination 
days were compared for control and pre-chilling 
treatments using group regression linear model. 
To estimate the number of seeds in each fruit of 
colocynth, 10 fruits were randomly selected and 
their diameter and volume were measured. The 
fruits were dissected to count the number of seeds. 
The relationship between volume and number of 
seeds were analyzed by using simple linear model.
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Results
Habitat conditions: The study area was classified 
as sandy loam with slight saline, where pH varied 
from 7 to 7.5 in open areas and from 8 to 8.11 in 
closed canopy of colocynth. The organic matter 
varied from 0.22 % in bare soils to 1.41% in closed 
canopy. Soil moisture varied from 0.73% at the 
upper layers to 4.56% at the lower layers of 120 
cm.

Phenology: This species starts vegetative growth 
at mid-May. Floral buds appear from mid-July but 
full flowering stage happens at late August. Fruits 

appear at mid-July and ripe in September. Finally 
seed ripening and shedding occur in October and 
November respectively.

Seed Studies: The seeds characteristics of 
Colocynth are shown in (Figure  2). The number 
of seeds per plant  were 250 to 420 and the 
length and width of seeds ranged 4 -7 and 2-4 
mm, respectively. There was a linear relationship 
between volume of fruits and seed number in each 
fruit with correlation of 0.95, that is, number of 
seeds positively and linearly increased with fruit 
volume.

Figure 2. Sample of colocynths seeds showing a part of mesocarp and the brownish ripped seeds.

Germination: The mean germination speed and 
number of germinated seeds were compared for 
colocynth at three temperature ranges. Accordingly, 
the means of germination time and number of 
germinations were significantly (P<0.05) higher 
under 25-40 oC than other treatments (i.e. 14-27 
and 15-32 oC). The relationship between time (days 
after seed sowing in Petri dishes) and germination 
speed and also, time and germination number of 
colocynth was investigated by using regression 

groups for control and prechilling treatments 
(Figure 3a and b). For germination speed, there 
was no significant difference between control 
and prechilling treatments (Figure 3a), hence the 
two regressions were combined and a quadratic 
relationship was presented. However, prechilling 
treatment had increased the seed germination of 
colocynth, which led to significant difference in 
the relationship between days after sowing and 
germination time under the control and prechilling 
treatments.
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Figure 3. (a) The relationships between cumulative germination speed and time and (b) between 
cumulative germination number and time.

Conclusions
Colocynth is a highly adapted plant to the desert 
conditions with alkaline soil. It has a potential 
source of edible oil and high medicinal value 
hence can be a source of income for the resource 
poor local inhabitant. It is a perennial herb with 
extensive root system. The seasonal growth stage 
starts at mid-May and the growth continues till 
mid-autumn, when its fruits matured and seeds 
shed at early November. The best temperature 
ranges for germination of colocynth in the study 

area was 25 to 40 °C from night to day, which was 
close to daily temperature regime of its habitat at 
the time of seasonal growth. A linear relationship 
between fruit size and seed number indicate the 
best harvesting time (for economic value being at 
the latest growth stage in Mid-November.
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Abstract
In the semi-arid areas of West Pokot particularly Chepareria, majority of the people live semi sedentary 
lives while others are nomadic pastoralists. In the last three decades, there have been concerted efforts 
to restore and improve rangeland in this area. Use of enclosures, which is one of the key interventions, 
by the Vi Agro- forestry a Non-Governmental Organisation, enhancing with many ecological processes 
such as disturbance, is a method of rehabilitating degraded rangeland, which in turn affects vegetation 
dynamics.

Adoption of these strategies by farmers has been gradual and some areas are still open and degraded. 
The aim of this study was to evaluate the effects of enclosures on range productivity in the semi-arid 
rangeland in West Pokot. Plant productivity, diversity and density were assessed in enclosures of different 
ages and in adjacent open land used for communal grazing. Questionnaires were also used to assess local 
community perception of the range restoration and improvement. Modified Whittaker plot was used for 
sampling in the selected enclosures and open areas. Herbaceous biomass and plant cover were greater 
in enclosures than in open areas.

The average herbaceous cover in the enclosed area was 76 % while that in the open it was 55 % which 
was significantly different, P<0.001. The average herbaceous biomass in the enclosure was 137.2 kg 
ha-1 while in the open it was 37.8 kg ha-1 respectively. Enclosed areas are more productive than open 

areas and should be adopted in other dry areas as 
a method of rehabilitating degraded grazing lands.

Introduction
Overgrazing and deforestation continues to affect 
the productivity and genetic diversity of forests, 
woodland and grassland resources in dry lands 
areas. Exacerbated by recurrent droughts, the 
ultimate outcome of deforestation and degradation 
of these resources will be desertification, loss of 
livelihood and increased poverty (Mengistu et al., 
2015). Sustainable conservation and utilization of 
the dry land vegetation resources and rehabilitation 
of those that have already been degraded provides 
economic, social and ecological benefits (Mengistu 
et al., 2005; Kaye-zwiebel and King 2014).

In this regard, different strategies are used 
world over to improve and rehabilitate/degraded 
rangelands. For example, establishing enclosures 
has emerged as a promising practice in different 
parts of Ethiopia (Angassa and Oba 2010; 

Mengistu et al., 2015). It is a fast method triggering 
invasion, germination/sprouting, recruitment, 
establishment and growth of seedlings, modified 
underground stems or roots of indigenous species 
of grasses, herbaceous weeds, shrubs and trees 
that already exist at the spot either being dormant 
or suppressed by other plants or unfavourable 
environmental conditions. These propagules 
invade the area faster and with better coverage 
than planted seedlings. It is a cheap method since 
natural processes lead to regeneration of the 
vegetation without any human interference and 
financial investment (Mengistu et al., 2015).

In Kenya in the last three decades, there have 
been notable changes in vegetation in parts of 
West Pokot specifically Chepareria Ward (Triple 
L, 2013; Karmeback et al., 2015; Wairore et 
al., 2015). These changes can be attributed to 
many factors especially related to land use and 
management (Wairore et al., 2015). In West 
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Pokot there have been efforts to improve range 
productivity and rehabilitate degraded areas. The 
key management interventions in this area include 
use of enclosures and afforestation (Makokha et 
al., 1999). These efforts were differently accepted 
by individuals and hence notable local differences 
in general range health in the area. This study is 
part of a multidisciplinary research initiative that 
seeks to evaluate the impacts of these interventions 
on land, livestock and livelihoods (Triple L www.
triplel.se ) in West Pokot.

The broad goal of the Triple L is to understand 
the drivers of the changes in this ecosystem and 
their interrelationships. For example, whether 
enclosures are leading to changes in land tenure 
from communal to private and the impact of these 
changes on social economics of the residents; 
whether improved livestock productivity can 
be attributed to enclosures and afforestation or 
changes in land tenure and what is the minimum 
land subdivision in this ecosystem; whether there 
is optimal size of enclosure and tree density 
for improved plant productivity and carrying 
capacity. This study seeks to understand the 
effects and mechanism behind the observed 
range improvement due to use of enclosures and 
afforestation.

The objectives of this study are to: 1) determine 
the impact of enclosures on plant cover, biomass, 
frequency and tree density within enclosures and 
in the adjacent open areas of Chepareria, West 
Pokot, 2) evaluate the indigenous knowledge, on 
range monitoring and rehabilitation in Chepareria, 
West Pokot, and 3) To determine the effect of 
enclosure on soil seed bank and soil nutrients in 
Chepareria, West Pokot.

Material and methods
The research was carried out in Chepareria ward 
West Pokot County, where the climate is semi-
arid. Purposeful sampling was carried out only 
in the areas where enclosures have been adopted 
and the adjacent open areas in Chepareria in West 
Pokot. The modified Whittaker plot (Stohlgren, 
1997), was used for data collection. Twenty one 
sites within enclosures and comparable twenty one 
sites in the open areas were sampled. Vegetation 
cover was measured in the field by assessing the 
percentage of the ground that is covered by the 
existing annual or perennial vegetation (Park et 

al., 2015). Herbaceous material was harvested 
and weighed in the field and a sub sample taken 
and fresh weight taken. The subsample was dried 
in the laboratory for dry biomass (Cornelissen et 
al., 2003; Angassa and Oba, 2010; Mureithi et 
al., 2014; Mengistu et al., 2015). Frequency of 
each species in the modified Whittaker plot was 
recorded in order to determine species composition 
and density. Trees and shrubs within the laid 
modified Whittaker plot (for the 20 m by 50 m), 
were counted, identified and recorded (Cornelissen 
et al., 2003; Mekuria and Yami 2013; Zhan et al., 
2013; Kasim et al., 2015).

Seed bank sampling and soil nutrient analysis 
was carried out, where 10 soil cores of 4 cm 
diameter to a depth of 10 cm within each of the ten 
1 m2 sub plots of the modified Whittaker plot, were 
taken put in a bucket and mixed thoroughly and a 
sub sample taken for analysis. The samples were 
washed over a sieve after mixing them together. 
The samples with the seeds were put in trays and 
placed in a greenhouse for germination. Seedlings 
were identified, counted and removed immediately 
(Horneck et al., 2011; Bekker et al., 2016).

Knowledgeable herders (key informants like 
elders, chiefs) were selected based on age and 
experience and interviews on broad issues 
related to indigenous range resource management 
techniques were conducted (Wairore et al., 
2015). A semi structured questionnaire was used 
to establish prevailing traditional techniques to 
assess and monitor range condition and probable 
mitigation measures taken if the status of the range 
resource was undesirable (Oba, 2009; Abate et al., 
2010; Shiferaw et al., 2013).

Data management and analysis

Data collected through the questionnaires were 
analysed through descriptive statistics. T-test was 
used to compare and analyse vegetation and soil 
seed bank in enclosures and those in the open 
areas. Correlation was also used to compare cover 
with other quantitative measures like biomass and 
cover. Data were presented in graphs, pie charts 
and tables.

Results
 
Enclosures had significantly influenced the 
average number of trees in Chepareria rangeland 
(t40= 0.048, P< 0.01) (Fihure 1). The number of 
trees increased with the age of the enclosure Open 
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areas had significantly lower biomass than enclosed areas (t40=4.413P<0.001) (Figure 1).

Figure 1 Herbaceous cover in % at different ages 
of enclosures

The average biomass in enclosed areas was 
higher compared to open areas. In the open (0 
enclosure)  average biomass was 37.7 g, while in 

the enclosures it was 86.4 g in the 1-5 years old, 
185.9 g in 6-10 years old, 111 g in 10-15 years old 
and 159.2 g in the >15 years old respectively in 
different classes.

From the results of the study, it was evident that in 
Chepareria, majority of the farmers in the region 

rely on enclosures for grazing their livestock where they divide their land into paddocks and afterwards 

transfer the livestock to different paddocks after 
one area is exhausted of pastures.

Figure 2:  Grazing preference / when land is too 
poor for grazing

The condition of the rangeland has changed in the 
last twenty years. In Chepareria, West Pokot, it is 
evident that the pastoralists have embraced the use 
of enclosures because of the benefits they derive 
from them.
Figure 3:  Significance of fencing
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It has helped them deal with scarcity of pasture 
in the area. Seedlings germination differed with 
the age of enclosure. The younger enclosures (1-5 
years old) had slightly lower seedling germination 
(2347), as compared to older enclosures; 6-10 
years old 2400, 11-15 years old enclosures had 
an average of 2667 seedlings that germinated. 
The enclosures between one to fifteen years the 
average number of seedlings that germinated was 
increased with increase in the age of enclosures, 
but there was a slight decline in the trend with 
the enclosures above 15 years (average of 2053). 
In the enclosures there are more seedlings that 
germinated, compared with open areas.

Discussion[Conclusions/Implications]
The assumption of the present indicates that the 
paired sites were comparable and differences 
in native plant species richness, diversity and 
aboveground standing biomass measured between 
the paired enclosures and adjacent communal 
grazing lands were mainly caused by land-use 
change (that is, enclosure establishment) and not 
by inherent site variability. The results of the 
present study demonstrated the importance of 
enclosures in the restoration of degraded arid land.

Understanding soil seed bank of a particular habitat 
can assist to manage the composition and structure 
of existing vegetation and restore vegetation in 
many ways (Zaghloul, 2008). From the study, 
there were similarities in soil seed bank analysis 
and herbaceous cover in both the enclosures and 
open areas.

The enclosed areas are more productive as a result 
of having more cover, biomass, tree density and 
species richness. Enclosed areas have more soil 
seed bank. The results of study showed significant 

positive effects on soil properties and after 
enclosing the land. The percentage of N, P and K in 
enclosures had increased compared with the open 
grazed area. Enclosures are an important factor in 
the protection and vegetation recovery process. 
Enclosures are effective for rehabilitation if they 
are well managed. Therefore, I would encourage 
fencing for agricultural purposes, though areas 
with wildlife might be challenging. County 
government should discuss the significance of the 
enclosures with the local residents. The county 
government should conduct a capacity building 
to seek alternative means of livelihood for the 
community. Reseeding with drought resistant or 
tolerant herbaceous plants should be considered. 
Documentation to preserve indigenous knowledge 
in situ and ex situ is needed. The results of the 
present study can be shared with policy makers 
and agricultural development planners and can 
be shared during open forums like “barazas” and 
agricultural events like shows. County government 
to implement water harvesting and conservation.
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Increased above-ground biomass and plant species decline related to the presence of Eragrostis 
curvula across multiple grazing grasslands in the Snowy Monaro region of Australia 
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Abstract
“It will be noticed that invasions most often come to cultivated land, or to land much modified by human 
practice.” This quote was published in 1958 by Charles Elton, and holds true today, backed by empirical 
evidence suggesting mechanisms of disturbance, plant functional traits and propagule pressure can push 
a cultivated system towards an invaded state. 17 farms, with either a current or previous history of 
grazing and land modification, within the Snowy Monaro Region, NSW, Australia, were surveyed to 
explore the relationship between the non-native C4 perennial tussock grass Eragrostis curvula [Schrad.]  
Nees. and species richness.  As E. curvula increases above-ground biomass and proportion cover, we 
observed species richness declined within survey quadrats. E. curvula has the potential to outcompete 
desirable pasture species for vital resources, leading to a build-up of above-ground biomass and a 
decline in species richness. Impacts of E. curvula extent to the agricultural sector as graziers invest time, 
money and resources in management and supplementary feed. The data from this study was collected 
in 2019, a year impacted by drought leading to the onset of the “black summer” bushfires of early 2020. 
Therefore, this study’s findings need to be interpreted in the context of drought and may not accurately 
represent “normal” Snowy Monaro Region conditions. Nevertheless, E. curvula can be an undesirable 
pasture species that negatively impact agricultural and ecological values. The development of practical 
solutions to manage E. curvula has been shown to prevent secondary invasion of undesirable species 
through appropriate fire use, fertilizer application, appropriate grazing, and herbicide application. 
However, widespread adoption of these solutions needs to be implemented at a community scale instead 
of at an individual scale for effective long-term management. 

Introduction
From a human perspective, when the invasion of a 
plant species imposes some form of negative effect 
on a conceived value, human intervention may 
be necessary to prevent further economic, social 
or ecological degradation (Godfree et al., 2017). 
In an agroeconomic values context, an invasive 
plant species may occupy a space in an agriculture 
landscape while acting as an undesirable feed 
source for grazing livestock (Godfree et al., 
2017, Currier et al., 2004, Badgery et al., 2005, 
Cousens, 1985). In the event the space-occupying 
plant species expands its local range to encompass 
more agricultural land, a stakeholder in that land 
may be required to purchase supplementary feed 
and implement control measures, resulting in 
increased operation costs (Baumont et al., 2000). 
At the same time, livestock will selectively graze 
the palatable vegetation, potentially decreasing 
plant biodiversity and ground cover (Currier 
et al., 2004). As a result of the expansion of an 
unpalatable low-quality invasive plant, excess 

biomass and litter are produced, and this can lead 
to ‘smothering’ of other pasture plant species 
and increase competition for light, water and 
nutrients leading to lower species biodiversity and 
decreasing desirable pasture species, in addition to 
acting as a fuel source for fire (Firn, 2009, Vojtech 
et al., 2007, Borer et al., 2014, Badgery et al., 
2005). 

An undesirable plant species across Australia’s 
ecological and agricultural contexts and a 
potential symptom of an ecosystem state shift 
is the intentionally introduced southern African 
C4 perennial tussock grass Eragrostis curvula 
(Schrad.) Nees (common name African Lovegrass 
(ALG) (Firn, 2009, Godfree et al., 2017, Firn et 
al., 2018, van Klinken and Friedel, 2017, Cook and 
Dias, 2006). ALG is often found in clusters with 
neighbouring ALG tussocks forming larger swards, 
transitioning from desirable pasture species to ALG 
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monocultures producing excess above-ground 
biomass (Firn, 2009). For this paper, above-ground 
biomass is all plant material (leaf, stem, flower) 
attached to a plant above the soil, excluding litter 
detached from the plant. Above-ground biomass 
increase results from the accumulation of live and 
dead plant material that is yet to decompose or 
has not been subject to herbivory or displaced by 
other means (Morgan, 2015). In many Australian 
contexts, ALG is undesirable due to low crude 
protein content and high cellulose components, 
leading it to be a low-quality feed option while 
also possessing invasive growth traits potentially 
impacting plant biodiversity (Soto-Navarro et al., 
2014, Firn et al., 2010b, Han et al., 2012). Holmes 
(2018) estimates that a “clean native country”, that 
is, areas dominated by native perennial grasses, 
within the Snowy Monaro Region of Australia can 
sustain approximately four dry sheep equivalent 
(dse, a metric of the number of livestock able to be 
sustained in a grazing system) per hectare. While 
ALG invaded “native country” can sustain 2 or 3 
dse per hectare and improved pasture sown with 
desirable non-native species can sustain up to 8 
dse per hectare. Furthermore, Schlierenzauer et al., 
(2021) provide evidence for ALG to be considered 
undesirable in an ecological context as sites 
dominated by ALG had relatively lower species 
richness and species diversity when compared to 
sites with co-dominance of ALG and Themeda 
triandra, with ALG particularly impacting forb 
species richness and diversity.  Firn (2009) and 
Roberts et al., (2021) provide comprehensive 
reviews of the impact ALG can have on Australia’s 
ecological and agricultural values, highlighting the 
unpalatable biomass and invasive growth traits.  

Material and methods
The Snowy Monaro Region (SMR) within New 
South Wales, Australia, is defined by a political 
boundary known as a local government area, see 
Figure 1. Although a political boundary defines 
the study area, it serves as a useful ecological 
boundary defining the temperate grasslands of 
south-eastern New South Wales tablelands. The 
region is characterised by summer rains, with the 
highest rainfall months between November and 
January and mean annual rainfall of approximately 
550 mm (Frost et al., 2018, Costin, 1954). Data 
collection in this study was undertaken in 2019, 
one of the SMR’s driest years since 1911with 
an annual rainfall of approximately 300 mm; 
thus, subsequent results must be interpreted 

within a drought context (Frost et al., 2018). The 
topography of the SMR consists of tablelands in 
the centre and mountain regions to the west and 
east-north-east with altitudes of the region ranging 
from 213-2223 meters (mean = 1000 SD=259) 
(Costin, 1954, TERN, 2015, Gallant et al., 2011). 
Mean daily temperature minimum and maximum 
averaged across the SMR range from 9 to 28 
degrees Celsius in summer and between -5 and 16 
degrees Celsius during winter.

Within the SMR, 17 farms were surveyed. Farms 
ranged in size from approximately 10 ha to 3500 
ha. Within each farm, between 1 and 4 transects, 
100 meters long, ran perpendicular to vehicle 
corridors such as roads or farm tracks, with 39 
transects surveyed in total. Every 5 meters along 
each transect, a 50 x 50-centimetre quadrat was 
placed. A vegetation survey was conducted within 
each quadrat with each species identity classified 
to the lowest taxonomic level possible and an 
estimate of each species’ total cover as a per cent. 
Every 10 meters along the transect, all above-
ground biomass within each 50 x 50-centimetre 
quadrat was cut to ground level and separated into 
ALG, litter and remaining above-ground standing 
biomass. Each category of above-ground biomass 
within each transect was weighed to the nearest 
0.01 gram. 

Figure 1: Map of the Snowy Monaro Region 
with survey farm locations. Blue points represent 
farms. Between 1 and 4 100 meter transects were 
run within each farm. The number of transects 
within each farm depended on the farm size, and 
farm size varied between 10 and 3000 hectares. 

Data analysis

Linear model and Linear Mixed effect Model 
models, with the method of analysis set to 
restricted maximum likelihood (REML) using 
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the nlme package in RStudio, are used to model 
the data (RStudio Team, 2019, Pinheiro J, 
2020). The response variable of above-ground 
biomass weight was log-transformed to meet 
the assumption of normality. Values for ALG 
cover have been standardised so that ALG cover 
represents a proportion of quadrat occupied. 
Where necessary, the models have been adjusted 
for spatial autocorrelation within the models using 
an exponential correlation function. 

Results
Results from the generalised linear mixed effect 
model, with family Poisson, log link function, with 
nested random effect of transect number within 
farm, fixed effects of response variable species 
number and predictor variable above ground 
biomass weight (grams) indicate that as biomass 
increases there is a significant decrease in species 
richness with an intercept of 1.35 (SE = 0.05) and 
a coefficient of -0.0027 (SE = 0.0008) for every 1 
unit increase in above-ground biomass (grams) (z 
value = -3.54, P-value =<0.05). Results from linear 
mixed effect model with nested random effects 
of transect number within farm and fixed effects 
of log-transformed response variable biomass 
weight per quadrat (grams) and binary predictor 
variable ALG presence indicate that where ALG is 
present in a quadrat, mean above-ground biomass 
weight increases, with an intercept of 3.41 (SE = 
0.15) and a coefficient of 0.60 (SE = 0.14) when 
ALG is present in a transect (t value = 4.36348, 
P-value = <0.01). The Association/Correlation 
Between Paired Samples test using Pearson’s 
product-moment correlation coefficient indicated 
a correlation of 0.94 (CI 0.93 - 0.95) between 
variables of ALG per cent cover and log ALG 
above-ground biomass (t value = 54.75373, P-value 
< 0.01).

The output of generalised linear mixed effect 
model, including all transects, with response 
variable of species richness and fixed effect ALG 
cover proportion, with family Poisson, log link 
function and random effects of transect nested in 
farm indicate that as ALG cover increases, species 
richness decreases, with extracted coefficients of 
intercept 1.33 (SD = 0.06) and slope -0.46 (SD = 
0.1) (z value = -4.27776, P-value = <0.01). Further, 
when only transects with ALG present were 
included in the model ALG cover increases species 
richness decreases, with extracted coefficients of 
intercept 1.57 (SD = 0.09) and slope -0.79 (SD 
= 0.13) (z value = -5.93323, P-value = <0.01), see 

Figure 2. The output of generalised linear mixed 
effect model, including all transects, with response 
variable of species richness and fixed effect ALG 
biomass proportion, with family Poisson, log link 
function and random effects of transect nested in 
farm indicate that as ALG biomass proportion 
increases species richness decreases, with 
extracted coefficients of intercept 1.30 (SD = 0.05) 
and slope -0.26 (SD = 0.14) (z value = -1.9385, 
P-value = 0.058). Further, when only transects 
with ALG present were included in the model, 
as ALG biomass proportion increases species 
richness decreases, with extracted coefficients of 
intercept 1.42 (SD = 0.1) and slope -0.4.3 (SD = 
0.19) (z value = -2.3158, P-value = 0.02).

Figure 2:  Relationship between the proportion 
of Eragrostis curvula and species richness across 
21 transects, as derived from a generalised linear 
mixed effect model. Points represent values for 
species richness count within 50 x 50-centimetre 
quadrat with corresponding E. curvula cover. Red 
lines represent differing transects as derived from 
the generalised linear mixed effect model. The 
black line represents the mean response of species 
richness to E. curvula cover without incorporating 
random effects of farm and transect.

Discussion
The results indicate that as biomass increases in a 
quadrat, species richness is significantly decreased. 
Further, if ALG is present in a quadrat, the quadrat 
is likely to have greater above-ground biomass. A 
strong correlation exists between ALG cover per 
cent and ALG above-ground biomass. The results 
also indicate that as biomass and cover of ALG 
increase, there is a decrease in species richness, 
and this effect is most pronounced when only sites 
with ALG are included in the model. 

As ALG matures, its feed quality lowers and is less 
likely to be grazed (Strickland, 1973, Johnston, 
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1989, Baumont et al., 2000). If the above-ground 
biomass remains intact, it can act as a physical 
barrier to light for species attempting to grow 
among the intertussock space, leading to species 
richness decline, simultaneously acting as an 
increased fuel source for fire (Borer et al., 2014, 
Mariotte et al., 2017). The main mechanisms 
responsible for declined species diversity in this 
study are related to levels of inter-tussock space 
and competitive exclusion of vital resources 
(Dybzinski and Tilman, 2007, Marshall et al., 
2015). 

This study’s findings suggest that where ALG has 
become established, it excludes other species of the 
essential resource of light and potentially water as 
it is one of the few species to maintain substantial 
above-ground biomass during drought conditions 
(Mariotte et al., 2017, Mynhardt et al., 1994a, 
Mynhardt et al., 1994b, Johnston et al., 2002). The 
exclusion is exacerbated by the limited number of 
above-ground biomass removal mechanisms acting 
on ALG, such as fire, slashing and selective grazing. 
If ALG above-ground biomass is managed, other 
species recruitment may occur as competition for 
light and water is mediated (Hautier et al., 2018). 
However, recruitment relies on propagules being 
present and viable in the soil seed bank; otherwise, 
manual deposition of seeds and plants may be 
required. ALG will have an additional competitive 
advantage when drought conditions break due to 
the established biomass leading to the pre-emptive 
acquisition of resources and a “head-start” on the 
next generation’s seed production, increasing its 
dominance.  Complicating this is reports of ALG 
presence in the study region since at least 1948 
(Leigh and Davidson, 1968). Therefore, ALG will 
have potentially been establishing and dominating 
for decades, limiting the viability of the natural soil 
seed banks as a viable option to restore invaded 
sites. However, further research is needed on the 
soil seed bank of invaded sites. 

The implication of sustained high above-ground 

biomass is decreased species diversity and limited 
area to support desirable agricultural pasture 
species for grazing purposes (Cousens, 1985). 
For the farms surveyed in this study, if ALG is 
not managed, there is potential for species loss 
and negative impacts on biosphere integrity and 
agricultural profit, with evidence suggesting a 
decrease in 1 to 2 less dse per hectare (Holmes, 
2018). If a ‘business as usual approach is maintained, 
areas containing ALG may expand, thus further 
impacting biosphere integrity and agriculture 
productivity. ALG above-ground biomass can be 
managed, by varying degrees, through the use and 
combination of fire, herbicide, slashing, cropping, 
competition, and nutrient addition to improving 
forage quality (Firn et al., 2010a, Sanders et al., 
2016, Firn, 2009, Han et al., 2012). However, 
removing an invasive species may not be a suitable 
long-term solution if underlying mechanisms 
facilitating initial invasion are not addressed, 
such as maintaining sufficient ground cover as 
competition, appropriate disturbance regimes and 
nutrient levels (MacDougall et al., 2014, Tilman 
et al., 1996, Buckley et al., 2007). Furthermore, 
if a suitable landscape-scale solution is achieved, 
desirable plants must either be already present in 
the seed bank or introduced into the system, if it 
is to recover. Combatting the adverse effects of 
excessive above-ground biomass from unmanaged 
ALG requires a community-based approach, 
aided by disseminating relevant information 
on the community benefits of managing ALG 
supplemented by financial and logical government 
support (Coutts et al., 2013). 
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Abstract
High grazing intensity can accelerate the recycling of animal nutrients on savannah rangelands through 
the deposition of dung and, subsequently, nutrient mineralisation, uptake and concentration in grass 
tissue. The actual magnitude of this influence can vary depending on the grazing system. This study 
derived grazing system-dependent magnitudes of the influence of grazing intensity on concentrations 
of major (N, P, K, Ca, Mg, Na) and trace (B, Co, Cu, Cr, Fe, Mn, Mo, Ni, Se, Zn) animal nutrients in 
above ground grass tissue. Two grass species were examined: Brachiaria nigropedata, a decreaser, and 
Eragrostis lehmanniana, an increaser. For the species, leaf, stem and flower samples were collected in 
close proximity from respective sampling points in wildlife and livestock grazing sites, and a no-grazing 
control site. Sampling was conducted at the end of the rainy season in the semi-arid savannah rangelands of 
north-western South Africa. The concentrations of the nutrients were determined in the laboratory using 
standard methods. B. nigropedata had higher nutrient concentrations than E. lehmanniana. Samples 
from high grazing intensity sites had higher nutrient concentrations than the control site, an effect more 
pronounced in B. nigropedata. Such sites also had low grass cover, a characteristic of grazing lawns. 
They included the open access communal rangelands and the vicinity of artificial water holes. The 
two species manifested inter-site covariance in nutrient concentrations, indicating that sites under high 
grazing intensity generally had high nutrient concentrations in grass tissue, and vice versa. The short, 
nutrient-rich grass in grazing lawns is attractive to grazers, which can widen the lawns by perpetuating 
high grazing intensity and low grass biomass. However, not all grazers are adapted to grazing short 
lawn grass, which can have implications on grazer diversity. The study concludes that grazing-induced 
increase in nutrient concentrations in grass tissue manifests more in inherently high-nutrient species.

Introduction
Savannah rangelands support a high diversity of 
both domestic and wild grazers (Baumgartner et 
al., 2015; Sitters et al., 2009). This diversity of 
grazers exerts pressure on the grass to provide 
sufficient nutrients. For purposes of providing data 
that can inform grazing management interventions, 
it is important to study the relationship between 
grazing intensity and the concentration of the 
animal nutrients in grass tissue.

Grazers require a number of major and trace 
elements, as components of tissue structure and 
for various physiological functions (Robbins 
1992). The major nutrients are required in large 
quantities. They are (Robbins 1992): nitrogen (N), 
phosphorus (P), potassium (K), calcium (Ca), 
magnesium (Mg), chlorine (Cl), sodium (Na) 
and Sulphur (S). Trace elements are required by 

animals in smaller amounts, and they include 
(Suttle 2010): boron (B), chromium (Cr), cobalt 
(Co), copper (Cu), iodine (I), iron (Fe), manganese 
(Mn), molybdenum (Mo), nickel (Ni), selenium 
(Se), and zinc (Zn).

The grazers on savannah rangelands promote 
recycling of the nutrients (McNaughton et al., 
1997), through deposition of dung and urine on 
the soil (van der Waal et al., 2011). Although for 
some nutrients there is some uncertainty as to 
whether or not there subsequently are high rates 
of mineralisation (Schrama et al., 2013), the 
decomposition process then releases the nutrients 
from the dung and urine, to be taken up by the grass 
(Rumpel et al., 2015). Thus, high grazing intensity 
can result in high concentrations of the nutrients in 
grass tissue. High grazing intensity can also affect 
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the physical attributes of the grass. It can keep the 
grass in a young, highly nutritious phenological 
stage (Moe and Wegge 2008). As an indicator of 
high grazing intensity, grass biomass is low and 
forb biomass high (Craine et al., 2009). High 
grazing pressure can, thus, result in grazing lawns. 
Coetsee et al., (2011) define a grazing lawn as an 
expanse of short grasses in an immature state, with 
higher leaf to stem ratios and higher bulk density 
than that of an expanse of tall or bunch grasses.

Although there is general recognition of the 
potential effects of grazing intensity on nutrient 
concentrations in grass tissue, the effects may 
vary depending on the grazing system and grass 

species. This study aimed at evaluating the 
influence of the grazing system and grass species 
on the concentration of animal nutrients in grass 
tissue in relation to grazing intensity.

Methods and Study Site
The study was conducted in savannah rangelands 
near the towns of Mafikeng and Zeerust (Figure 
1a), in the North West province of South Africa. 
The area is semi-arid, receiving 500 mm – 600 mm 
of rainfall annually. Most of the rain is received in 
the rainy season between October/November in 
one year and March/April in the next.

Figure 1: Location of the study sites in South Africa (a), and (b, c) soil types and distribution of sampling 
in the sites. Soils data: Agricultural Research Council, Pretoria, South Africa.

It was important to examine the effects of 
both domestic and wild grazers on nutrient 
concentrations in grasses. Therefore, wildlife 
grazing areas that were adjacent to livestock 
grazing areas were sought. Livestock grazing in the 
study area occurs both as open access communal 
grazing and restricted grazing (private) ranches, 
which needed to be represented in the study. Since 
these required grazing systems did not occur in 

close proximity in one location, rangelands in 
and adjacent to two wildlife grazing areas were 
used: Botsalano Game Reserve (BGR) and the 
nearby Madutlhe communal rangeland (Figure 
1b), and Mafikeng Game Reserve (MGR) with 
a neighbouring livestock ranch (Figure 1c). A 
private estate near MGR on which there was no 
grazing was included as a control study site.
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Two grass species which were common in all 
study sites were selected for sampling: Brachiaria 
nigropedata and Eragrostis lehmanniana. Both 
livestock and wildlife grazers consume the two 
grasses (Grunow 1980). They were selected to 
represent grass species of high and low nutrition 
value, respectively. B. nigropedata is a climax, 
decreaser species of high nutrition value. E. 
lehmanniana is a sub-climax increaser of average 
nutrition value (Smet and Ward 2005). B. 
nigropedata is among the most important grass 
species in antelope diet throughout the year, while 
Eragrostis spp. are important antelope diet grass 
in the dry season (Owen- Smith et al., 2013). 
Sampling was conducted in April 2018, at the end 
of the rainy season when the grass was fully grown. 
During sampling, specimens of the two grass 
species which were in close proximity (within 
50 m) were sought. In the livestock grazing sites, 
the sampling was conducted in linear transects, at 
intervals of approximately 100 m. Since the two 
game reserves were too large for interval sampling 
in transects, the sampling strategy there was to 
distribute the sampling points widely across the 
landscape. The number of sampling points (n) 
in the study sites were: BGR, n = 20; MGR, n = 
17; control site, n = 5; livestock ranch, n = 14; 
communal rangeland, n = 14. Leaves, stems and 
flowers (i.e. above ground tissue) are largely the 
grass tissue that is consumed by grazers. Therefore, 
at each sampling site leaf, stem and flower material 
was clipped from each grass specimen. Grass cover 
was visually estimated in 90 cm quadrats at each 

site. The grass tissue samples were then sent to the 
laboratory, where the concentrations of the animal 
nutrients were determined.

In the laboratory the tissue samples were air-dried 
for a week, then ground and microwave acid-
digested using the EPA Method 3051A (USEPA 
2007). The concentrations (in mg/kg dry matter) 
of the major (except N, Cl, S) and trace (except I) 
animal nutrients were then obtained using an Agilent 
Inductively Coupled Plasma Mass Spectrometer 
(ICP MS). N concentrations were determined by 
thermal conductivity using a TruSpec® CN Micro, 
in units of weight percentage (%) which were then 
converted to mg/kg.

Results
Comparative Nutrient Concentrations

Nutrient concentrations were higher in the 
high nutrition value B. nigropedata than in E. 
lehmanniana. The concentrations of the nutrients in 
above ground grass tissue tended to be highest in the 
open access and high grazing intensity communal 
rangeland, and lowest in the no grazing control site 
for most nutrients (Figure 2). This manifestation 
was more pronounced in B. nigropedata, and 
was evident in the two potentially productivity-
limiting nutrients in savannah grass, N and P. 
Between the two species there was covariance in 
the concentrations of the nutrients since respective 
nutrients tended to manifest matching patterns of 
increase and decrease, respectively, between the 
study sites (Figure 2).
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(a) Brachiaria nigropedata (b) Eragrostis lehmanniana

Figure 2. Box and whisker diagrams showing concentrations (in mg/kg, Y axes) of the major and trace 
animal nutrients in above ground tissue samples of the two grass species from the study sites in Figure 1 
(X axes). Where × = mean.

Abundance of Grass in Relation to Grazing 
Intensity

Grass cover was low in highly grazed sites, such 
as the open access communal rangeland and the 
vicinity of artificial water supply points (water 
holes) in the game reserves. In the high grazing 
intensity sites the grass was relatively short, a 
characteristic of grazing lawns. Being a decreaser, 
B. nigropedata was relatively infrequent in such 

sites. Nutrient levels in grass samples from the 
grazing lawns were much higher than in tall grass 
dominated sampling sites.

Discussion and Conclusions
Enhanced recycling of nutrients by grazers through 
deposition of dung and urine explains the high 
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nutrient levels in the grass tissue of high grazing 
intensity sites. The effect was evident in both 
wildlife and livestock grazing sites (Figure 2). 
Although the results confirmed the expectation on 
the basis of previous studies (McNaughton et al., 
1997; van der Waal et al., 2011), this study shows 
that the magnitude of the grazing intensity-induced 
increase in nutrient levels can vary among grass 
species. For the two grasses studied the changes 
in concentrations of N, the main constituent of 
protein, can illustrate this species-dependent effect. 
The mean concentration of N in B. nigropedata 
samples from the high grazing intensity communal 
rangeland was 2.1 times higher than in the control 
site, but only 1.7 times higher in E. lehmanniana. 
Low grass biomass as an indicator of high grazing 
pressure (Craine et al., 2009) was confirmed in this 
study by the low grass cover in the grazing lawns. 
Despite the low grass biomass, grazing lawns are 
attractive to grazers due to the high nutrient levels 

in the grass, which could widen their sizes. Large 
grazing lawns would have implications on grazer 
diversity of savannah rangelands since some 
grazers are not adapted to grazing short grass. 
Grazing rotation is recommended to reduce the 
potential impacts on grazer nutrition and diversity. 
The main conclusion from this study is that grass 
species which inherently accumulate high amounts 
of animal nutrients in their tissue manifest grazing-
induced variations in tissue nutrient levels more 
than low nutrition grasses.
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Abstract
Rangeland ecosystems worldwide are experiencing novel pressures during the Anthropocene, including 
land conversion, disease dynamics, non-native species, and climate change. These issues can be 
compounded in rangelands occupied by burrowing rodents. Often considered keystone species important 
for maintaining rangeland biodiversity, these species often experience widespread control efforts because 
of their potential to reduce forage for livestock. We examined the effects of climatic variation and disease 
on bird communities associated with a North American burrowing rodent, the black-tailed prairie dog 
(Cynomys ludovicianus). Following an outbreak of sylvatic plague (Yersinia pestis) in the prairie dog 
population, we observed rapid shifts in taxa reliant on either prairie dog engineering or prairie dogs as a 
prey source. Responses in species sensitive to vegetation structure were amplified due to above average 
precipitation for 16 months following the plague event, leading to rapid accumulation of biomass. These 
results highlight not only the rapidity with  which communities respond to the removal of prairie dogs, 
but also emphasize the tenuous status of these communities with increasing climatic variability and 
decreasing tolerance for prairie dogs on the predominantly agricultural lands within their range.

Introduction
Social, burrowing rodents play an important 
ecological role in rangelands around the globe 
(Davidson et al., 2012). Within the Great Plains 
of North America, herbivory, clipping, and 
burrowing by black-tailed prairie dogs (Cynomys 
ludovicianus; hereafter “prairie dog”) generates 
habitat for many wildlife species of conservation 
concern, and the species serves also serves as a prey 
resource for predators including raptors and the 
endangered black-footed ferret (Mustela nigripes). 
These same behaviors lead to direct conflict with 
livestock (Miller et al., 2007), thus prairie dog 
populations are routinely controlled to mitigate 
their effects. Control efforts can have negative 
impacts on associated wildlife, especially those 
that depend on the species for habitat suitability 
or food. In addition to intentional control, prairie 
dogs can experience outbreaks of sylvatic plague 
(Yersinia pestis; hereafter, “plague”), a non-native 

disease that can result in >95% mortality (Cully et 
al., 2010). Control efforts and disease have reduced 
prairie dog populations range-wide warranting 
increased attention on how disease dynamics and 
climatic variation can influence the vegetation 
structure of rangelands and associated wildlife 
community dynamics. We evaluated prairie dog 
disturbance, vegetation structure, and avian 
community dynamics within the Thunder Basin 
National Grassland of Wyoming USA to evaluate 
how individual species and bird communities 
respond to the removal of prairie dogs via plague 
and concurrent inter-annual variation in climate.

Materials and methods 
We performed our study within the U.S. Forest 
Service Thunder Basin National Grassland 
in northeastern Wyoming, USA (43.9482° N, 
104.8620° W). This region is located on the 

mailto:courtney.duchardt@okstate.edu
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ecotone between mixed-grass prairie and sagebrush 
steppe and is thus typified by patches of mid-
stature grasslands and shrub lands. Prairie dog 
colonies ranged between 10 and 4000 hectares in 
size and vegetation on colonies included short-
statured graminoids generally no more than a few 
inches in height, and annual forbs. Total colony 
area increased from 2015–2017, but prairie dog 
numbers declined sharply following an outbreak 
of plague in the summer of 2017.

We worked with partners to map prairie dog 
colonies in the study area each year between 
2015–2019 by delineating colony boundaries 
based on prairie dog burrows. We assessed avian 
responses to prairie dog disturbance by surveying 
established transects each year during the avian 
breeding season. Transects were located both on 
and off prairie dog colonies to capture variation 
in community structure with disturbance (see 
Duchardt et al., 2018 for detailed methods). At 
each survey location, we also assessed visual 
obstruction using a Robel pole, because of known 
associations between visual obstruction and 
grassland bird habitat suitability (Robel 1970, 
Fisher and Davis 2010).

We used general linear models to test the 
interactive effects of prairie dog disturbance, 
plague, and precipitation on vegetation structure. 
We then quantified responses of individual 
bird species to fluctuations in prairie dog 
disturbance and precipitation and used non-metric 
multidimensional scaling (NMDS) to visualize 
how bird communities responded to these 
fluctuations. We performed ordinations only on 
the bird communities expected to respond directly 
to structural changes in vegetation due to the 
removal of prairie dogs (i.e., raptor species were 
not included in ordinations). All analyses were 
performed in base R or the VEGAN package (R 
Development Core Team 2020).

Results
The prairie dog colony complex in Thunder Basin 
in 2017 represented the largest in the world. Visual 
obstruction on prairie dog colonies averaged 2.1 
cm (SE 0.08), while undisturbed sites averaged 
approximately 3x that value (6.2 cm, SE 0.28). 
However, following the plague outbreak in late 
summer 2017, prairie dog numbers plummeted and 
occupied areas in 2018 were 0.5 % of the maximum 

extent. The first year following plague coincided 
with the second greatest precipitation total of 
the past 100 years (53.8 cm). Removal of prairie 
dog disturbance combined with above average 
precipitation resulted in rapid accumulation of 
biomass on former prairie dog colonies in 2018–
2019. Visual obstruction on former colonies tripled 
post-plague (6.2 cm, SE 0.24). Visual obstruction 
on undisturbed sites was also somewhat higher (8.2 
cm, SE 0.4; 1.4 times the average in 2015–2017). 
Model results indicated significant additive effects 
of both disturbance removal and precipitation on 
vegetation structure.

Figure 1: Vegetation on an active prairie dog colony 
in 2017 (A) compared to vegetation structure on the 
same colony location after plague (B)

We observed rapid changes in the bird community 
following the plague event of late summer 2017. 
We detected declines in golden eagles (Aquila 
chrysaetos) and ferruginous hawks (Buteo regalis), 
two raptor species that favour prairie dogs as prey. 
We also observed a steep decline in mountain 
plovers (Charadrius montanus), a species listed as 
Near Threatened on the IUCN Red List known to 
rely on vegetation structure of prairie dog colonies 
(Table 1). While abundances of many other species 
did not change, two nomadic mid- grass species, 
grasshopper sparrow (Ammodramus savannarum), 
and lark bunting (Calamospiza melanocorys) 
increased markedly in 2018–2019 (Table 1).

A

B
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Table 1: Trends in precipitation, occupied prairie 
dog acres, and avifauna in the Thunder Basin 
National Grassland of Wyoming, USA in 2015-
2019. Total precipitation is shown for the months 
most likely to affect vegetation structure during the 
breeding season. Species numbers represent raw 
counts at the same survey locations in each year.
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We conducted an NMDS ordination on bird 
communities located on and off prairie dog 
colonies. Our analysis yielded a two-dimensional 
solution with a stress of 0.11. Using the ‘vegfit’ 

function we overlaid the effect of disturbance 
and annual precipitation of bird communities. 
Although communities associated with prairie 
dogs and those associated with undisturbed habitat 
both changed substantially across the study period, 
changes in undisturbed sites were linked only 
to changes in precipitation, while shifts in bird 
communities on prairie dog colonies tracked along 
axes of disturbance and precipitation.

Figure 1. NMDS ordinations of avian communities 
from 2015–2019 in the Thunder Basin National 
Grassland in Wyoming, USA. Top panel shows 
shifting bird communities on prairie dog colonies 
(and the same areas following plague in 2018 
and 2019) as a function of both disturbance and 
annual precipitation. The bottom panel depicts 
shifting communities on undisturbed sites in the 
same years, mainly linked with high precipitation 
in 2018

Discussion
We observed rapid changes in both vegetation and 
bird community structure in the years following 
a plague outbreak in prairie dogs. Although few 
studies have tracked community responses to 
plague outbreaks in prairie dogs, previous studies 
have generally observed this process occurring 
more slowly. For example, in shortgrass prairie, 
researchers did not observe steep declines in 
mountain plover abundance until the second year 
following a plague event (Augustine et al., 2008). It 
is likely that in mixed-grass prairie these responses 
may be quicker; however, this was compounded 
by an abnormally wet year in this system.

Despite wetter years improving forage availability 
for livestock, producers are unlikely to be able to 
take full advantage of this availability if climatic 
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shifts are rapid and unpredictable. Similarly, large 
“boom-and-bust” cycles of prairie dogs have 
negative impacts on both producers and wildlife. 
Grassland birds co-evolved with fluctuating 
disturbance and climatic variation, which explains 
the relatively high degree of nomadism in many of 
these species. However, some species, like mountain 
plover, exhibit moderate site fidelity and even 
nomadic species are limited by the ever-shrinking 
availability of grassland habitat in North America. 
Conflict between livestock and prairie dogs is likely 
to continue, and increasing variability predicted 
under climate models is likely to exacerbate these 
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Abstract
Increased drought and woody encroachment are likely to have substantial and interactive effects on 
grassland carbon and water cycling in the future. However, we currently lack necessary information 
to accurately predict grassland responses to drought-by-fire interactions in areas experiencing woody 
encroachment. A more thorough understanding of these interactive effects on grass-shrub physiology 
would improve the effectiveness of demographic vegetation models and refine predictions of future 
changes in grassland ecosystem function. To this end, we constructed passive rainout shelters over 
mature Cornus drummondii shrubs and co-existing grasses in two fire treatments (1-year and 4-year burn 
frequency) at the Konza Prairie Biological Station (north- eastern Kansas, USA) that reduced precipitation 
by 50%. Plant responses to drought and fire were monitored at the leaf-level (gas exchange, predawn 
and midday water potential, turgor loss point) and the whole-plant level (aboveground biomass). Here, 
we report results from the 2020 growing season, after three years of treatment. Photosynthetic rates of 
C. drummondii and Andropogon gerardii, a dominant C4 grass, were lower in drought treatments at the 
end of the growing season. A. gerardii also exhibited higher photosynthetic rates in the 4-year burn 
watershed, but C. drummondii rates were not impacted by burn frequency. Predawn and midday leaf 
water potential for both species, as well as turgor loss point for C. drummondii, were lower in the 4-year 
burn treatment, indicating increased water stress. This trend was more pronounced in drought shelters 
for C. drummondii. These results indicate that three years of 50% precipitation reduction has resulted 
in modest impacts on water stress and gas exchange in both species. Long-term studies of co-existing 
grasses and shrubs are useful for informing management of woody encroachment during drought and 
help to identify whether multiple external pressures (drought and fire) are needed to reverse grassland-
to-shrubland transitions in temperate mesic grasslands.

Introduction
One of the largest threats to herbaceous ecosystems 
worldwide are changes in land cover associated 
with the expansion of woody vegetation into 
historically grassy areas (bush encroachment 
or woody encroachment), which has been well 
documented in mesic temperate grasslands (Briggs 
et al., 2005). Woody encroachment can result in 
a grassland-to-woodland transition (Ratajczak et 
al., 2014), and this shift in dominant vegetation 
impacts biomass allocation, ecosystem carbon and 
water cycling, plant productivity, and the amount 
of quality forage for grazing (Archer et al., 2017). 
Fire and climate, two of the major drivers of 
grassland ecosystem dynamics, both play a role in 
the spread or suppression of woody vegetation in 

grasslands (Blair et al., 2014). Frequent fire can 
prevent the proliferation of woody species and 
infrequent burning leads to a gradual grassland-to-
woodland transition (Bond 2008). In many cases, 
once woody vegetation has become established in 
the absence of fire, reimplementation of frequent 
fire is insufficient to reverse the transition and 
restore grass cover (Staver et al., 2011). Climate 
variability, particularly the availability of soil 
moisture, is another major driver in grassland 
ecosystems (Sala et al., 1988). Variation in 
precipitation timing and event size impacts the 
amount of moisture in, and evaporation from, 
surface soils (Fay et al., 2003), as well as the amount 
of water that infiltrates to greater depths in the 
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soil profile. Projections of global climate change 
predict an increase in precipitation variability in 
mesic grasslands, which will likely result in more 
frequent and severe periods of drought punctuated 
by larger, more intense precipitation events (Knapp 
et al., 2002).

Fire frequency and drought both impact 
aboveground net primary productivity (ANPP) 
of grasses and shrubs (Briggs et al., 2005). 
Physiological drought stress typically decreases 
ANPP due to stomatal closure, decreased 
photosynthetic rates, and decreased growth (Scott 
et al., 2009). Fire history can also impact the amount 
of aboveground biomass – frequent fire promotes 
grass growth and can prevent establishment of 
shrub seedlings, but established woody shrubs 
often experience low rates of stem mortality during 
fire (Briggs et al., 2005). In contrast, high woody 
biomass associated with infrequent burning is 
typically associated with lower aboveground grass 
biomass, particularly when mature woody species 
effectively shade out grasses (Ratajczak et al., 
2011). Although C4 grass species are typically 
well adapted to drought conditions, they also 
obtain the vast majority of their water from the 
top 30 cm of soil, unlike more deeply rooted C3 
shrubs and trees (Nippert and Knapp 2007). Higher 
evaporation rates in surface soils can result in more 
rapid moisture depletion during drought conditions 
compared to deeper portions of the soil profile. 
The interactive effects of drought and varying 
fire-frequencies on co-existing woody shrubs and 
grasses is not well quantified, particularly under 
multi-year drought conditions.

These two drivers will likely have interactive 
and currently unpredictable effects on grassland 
ecosystems experiencing woody encroachment 
as the climate continues to warm. Without a more 
detailed understanding of the eco-physiological 
effects of interactive fire and drought on intact 
woody-grass communities, grasslands will remain 
poorly represented in Earth System Models that 
predict ecosystem responses to climate warming. 
Due to the immense ecological and economic 
value of grasslands (White et al., 2000), it is vital 
to improve our understanding of woody-grass 
dynamics under different drought and land-use 
scenarios. In this study, we constructed passive 
rainout shelters over mature Cornus drummondii 
shrubs and co-existing grasses in two fire treatments 
(1-year and 4-year burn frequency) at the Konza 
Prairie Biological Station (KPBS) in a native mesic 
temperate grassland in north-eastern Kansas, 

USA. C. drummondii is the primary encroaching 
woody shrub in the tallgrass prairie region of the 
United States and has contributed to widespread 
woody encroachment at KPBS in the past several 
decades (Knapp et al., 2008). We monitored 
C. drummondii and Andropogon gerardii (a 
dominant C4 grass species at KPBS) responses to 
drought and fire treatments at the leaf-level (gas 
exchange rates, water potential, and turgor loss 
point) and the whole-plant level (ANPP). Our 
overarching goal in this study is to determine how 
experimental changes in water availability and fire 
frequency impact physiological and growth traits 
in an encroaching woody shrub (C. drummondii) 
and a dominant grass species (A. gerardii) in a 
native mesic grassland.

Methods and Study Site
Sampling was conducted at KPBS in two 
neighbouring watersheds with different burn 
frequencies (1-year or 4-year burn frequency). In 
the summer of 2017, passive rainout shelters (n = 
14; 6.3 x 6.3 m each) were constructed over mature 
C. drummondii and the co-existing herbaceous 
community. Half of the shelters were built in an 
annually burned watershed and half were built on 
a watershed with a 4-year burn frequency. Within 
each fire treatment, drought shelters reduced 
precipitation by roughly 50% and control shelters 
allowed ambient precipitation to reach the woody-
grass community.

Leaf photosynthetic rates were measured using a 
Li-COR 6400 gas analyzer (Li-COR Biosciences, 
Lincoln, NE, USA) every 3-4 weeks throughout 
the 2020 growing season on two individuals 
per species (C. drummondii and A. gerardii) in 
each shelter. Predawn and midday leaf water 
potential were measured on the same days as leaf 
photosynthesis. To determine ANPP, herbaceous 
biomass was clipped in two 0.1 x 0.1 m frames 
per shelter at the end of the growing season, 
then dried and weighed to obtain dry mass of 
grasses and forbs. To avoid removing standing 
C. drummondii biomass, stem diameters were 
measured in one quadrant (1.5 x 1.5 m) per shelter 
and used to calculate aboveground woody biomass 
using established allometric equations (Bartmess, 
unpublished). Leaf osmotic potential was measured 
on C. drummondii three times during the growing 
season using a VAPRO-5600 vapor pressure 
osmometer according to the methods outlined in 
Bartlett et al., (2012a) and Griffin-Nolan et al., 
(2019). Osmotic potential was used to estimate 
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leaf water potential at turgor loss point (πTLP), a 
trait associated with drought tolerance (Bartlett et 
al., 2012b), according to established equations for 
woody species (Bartlett et al., 2012a).

Results
Herbaceous biomass was substantially lower 
in 4-year burn locations where woody and total 
biomass were highest. Overall, C. drummondii 
photosynthetic rates were lower and more 
consistent throughout the growing season 
compared to A. gerardii (Figure 1). A. gerardii 
photosynthetic rates were significantly greater in 
the 1-yr burn treatment relative to the 4-yr burn 
treatment (p < 0.01), particularly for those growing 
under drought shelters (Figure1). C. drummondii 
photosynthetic rates were not impacted by burn 
treatment (p = 0.34), but a drought*sampling 
date interaction was present (p = 0.02) whereby 

photosynthetic rates were lower in the drought 
shelters, but only during the last sampling period 
(Figure 1). Predawn water potential values were 
generally lower for C. drummondii compared to 
A. gerardii, and both species had lower predawn 
water potential values in the 4-yr burn shelters 
toward the end of the growing season. For C. 
drummondii, this trend was more pronounced in 
drought shelters. C. drummondii midday water 
potential values showed a steady decline through 
the growing season and were slightly lower in 
drought shelters (p = 0.046) and in the 4-year 
burn treatment at the end of the growing season 
(p < 0.01) (Figure 2). Turgor loss point (πTLP) 
for C. drummondii declined over the course of 
the growing season (June through September) by 
roughly 0.3 MPa. πTLP was lower in 4-year burn 
treatments and in drought shelters, particularly 
later in the growing season.

Discussion
Increased drought and woody encroachment are 
likely to have substantial and interactive effects 
on grassland carbon and water cycling in the fu-
ture. Current demographic vegetation models lack 
detailed information on woody-grass dynamics 
in grassland ecosystems, limiting their ability to 
accurately predict grassland responses to future 
changes in climate and land-use (Pongratz et al., 
2018). The goal of this long-term study is to bet-
ter understand how co-existing woody-grass com-
munities in a mesic temperate grassland respond to 
experimental changes in water availability and fire 
frequency.

Three years of 50% precipitation reduction 
produced small but detectable declines in soil 
moisture (0-30 cm; data not shown) compared 
to control shelters. For A. gerardii, lower 

photosynthetic rates in drought shelters toward 
the end of the growing season indicate  that lower 
soil moisture availability was beginning to impact 
carbon assimilation. Similarly, lower water 
potential values in drought shelters toward the end 
of the growing season indicate an increase in water 
stress for both species. A. gerardii midday water 
potential did not decline as steadily over the course 
of the growing season as C. drummondii, likely 
due to sporadic precipitation inputs in surface soil 
layers where grasses are primarily accessing their 
water. C. drummondii, which primarily utilizes 
deeper (>30 cm depth) soil water (Ratajczak et 
al., 2011) has been shown to maintain remarkably 
stable photosynthetic rates, even during periods of 
low precipitation (Muench et al., 2016), which we 
observed in this study (Fig. 1). Declining water 
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potential values and πTLP throughout the growing 
season indicate that C. drummondii water stress 
was increasing, but that increased stress did not 
appear to impact photosynthetic rates. Plasticity in 
C. drummondii πTLP indicates that C. drummondii 
was able to adjust physiologically to tolerate 
increasing water stress (i.e., lower midday leaf 
water potential) throughout the growing season.

Overall, there were stronger impacts of 
burn treatment on C. drummondii and A. 
gerardii physiology than drought. A. gerardii 
photosynthetic rates were higher in the 1-year burn 
treatment compared to the 4-year burn treatment, 
likely due to increased light availability post-burn 
when previous year’s dead biomass is removed 
and increased nitrogen uptake following burning 
(Knapp 1985). Similarly, predawn and midday 
water potential for both species were generally 
lower in the 4-year burn treatment, indicating lower 
water availability, particularly later in the growing 
season (Fig. 2). Lower water availability in less-
frequently burned watersheds could potentially 
be attributed to increased transpiration of woody 
species due to their reliance on deeper, more 

consistent soil water sources (Nippert and Knapp 
2007) and possibly to higher infiltration rates 
under woody compared to grass cover (Alaoui et 
al., 2011). Therefore, higher woody cover could be 
impacting deep soil water availability and rate of 
soil water infiltration to deeper depths.

Results from this study indicate that three years 
of experimental drought has resulted in modest 
impacts on leaf physiology in dominant grass 
and woody shrub species in tallgrass prairie. 
Long-term studies of co- existing grass and shrub 
communities are useful for informing management 
of woody encroachment during drought, and to 
help identify whether multiple external pressures 
are needed to reverse grassland-to-shrubland 
transitions in temperate grasslands.
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Abstract
Vast areas of tropical forest have been converted into pastures sown with introduced grasses (Urochloa 
spp.). The majority of pastures exist in some stage of degradation, which has dramatic ecological and 
economic consequences. Our objective was to determine isotopic 15N signature of grass alone and grass-
legume pastures to estimate sources of nitrogen (N) to grasses in farmer managed pastures. This work 
contributes to enhancing the sustainability of tropical pastures in forest margins through the integration 
of legumes. The overarching hypothesis tested was that legumes associated with grasses will improve 
nutrient supply via symbiotic fixation and mobilization of soil phosphorus (P) reserves increasing 
belowground inputs and recycling of carbon (C), N and P. We have done preliminary research in ten 
paired plots of productive grass-alone vs. grass-legume pastures on farms located in the Caquetá region 
of Colombia. Pasture productivity and sources of plant N uptake using 15N isotope natural abundance 
methods have been analysed. The integration of legumes increased biomass production by about 74%, 
and N and P uptake by two-fold. The legumes derived about 80% of their N via symbiotic fixation, 
showing the significance of this process to N nutrition despite the acidic soil conditions. The isotopic 
15N signature of grasses in grass-alone vs. grass- legume pastures suggested that sources of grass N are 
affected by pasture composition. Furthermore,  low δ15N found in some grass-alone pastures, indicate 
that other N sources apart from soil mineral N are being exploited. The role of different processes like 
symbiosis with arbuscular mycorrhiza fungi, biological nitrification inhibition or associative N fixation 
need to be further studied to provide a more comprehensive interpretation of N exploitation in grass-
alone pastures.

Introduction
Low-productive, extensive livestock systems in 
the Amazon region have increased the need for 
land to establish new pastures and therefore have 
intensified the pressure over tropical rainforest 
(Hansen et al., 2013). Most pastures in the tropics 
established from former forest currently show 
some stage of degradation (Jimenez and Lal 2006), 
which has major economic and environmental 
consequences.

Livestock production in the Amazon region of 
Colombia is largely based on open grazing of 
monoculture of pasture grasses of the genus 
Urochloa (syn. Brachiaria). Degradation of such 
pastures has been mainly related to reduced N 
and P availability, and overgrazing (Boddey et al., 
2004).

Association of grasses with legumes is an 
alternative to grass-alone pastures to provide 

additional nutrient inputs via N2 fixation and 
recycling of organic matter. However, despite 
the benefits of the incorporation of legumes into 
pastoral systems have been widely demonstrated, 
adoption remains low (Schultze-Kraft et al., 2018).

Grasses growing alone, or in association with 
legumes may exploit different sources of N. 
Different mechanisms of nutrient acquisition and 
utilization have been reported for Urochloa grasses 
that may affect the δ15N signature of its biomass, 
namely, associative N2 fixation and suppression of 
soil nitrification (Reis et al., 2001; Subbarao et al., 
2009).

Despite the benefits of grass-legume associations 
for productive and environmental purposes have 
been studied under controlled conditions, such 
interaction has been seldom evaluated under 
farmers´ pasture management practices. Here we 
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analyze data from Villegas et al., (2020) with 
the aim to determine the isotopic 15N signature of 
grass alone and grass-legume pastures to estimate 
sources of N to grasses in farmers´ fields in the 
Amazon region of Colombia.

Materials and methods 
The experiment was carried out in farms of the 
Caquetá department of Colombia, located in the 
Amazon piedmont of the eastern Andean region. 
Ten paired grass-alone and grass-legume plots in 
neighbour pastures were selected in six farms, 
which were between 16 to 32 years of age after 
establishment.

Within each plot, in May 2019, a 5 m × 5 m 
area was delimited and fenced to avoid animal 
intervention, 1 m2 of plant aboveground biomass 
was cut to soil level and let to recover for 45 days. 
After the recovery period of the pasture, plant 
living material was harvested and split into four 
types: principal grass, secondary grass, legumes, 
and forbs. A separate plant litter sample was also 
collected. Soil (0–10 cm depth) was sampled from 
different points inside the plot and a composite 
sample was analysed. Grasses evaluated in the 
farms were Urochloa humidicola, U. brizantha, 
and U. decumbens alone or in association with 
forage legumes of either Arachis pintoi or Pueraria 
phaseoloides. Plant samples were oven-dried at 
60°C for 72 h to determine dry matter content and 
were ground to a fine powder for analysis. Soils 
were air-dried for 48 h and sieved to 2 mm particle 
size.

Plants and soils were analysed for total N, and 
15N/14N isotopic ratio by dry combustion using an 
NCS elemental analyser coupled to an Isotope Ratio 
Mass spectrometer (Vario PYRO cube, Elementar, 
Germany and IsoPrime100 IRMS, Isoprime, 
United Kingdom) at ETH Zurich, Eschikon, 
Switzerland. Total P concentration in plant tissue 
was determined by microwave digestion with 
nitric acid and colorimetric determination by the 
malachite green method (Ohno and Zibilske 1991). 
N and P uptake per plant type were calculated 
multiplying the individual nutrient concentration 
by the biomass production per m2. Total nutrient 

uptake was determined adding the nutrient uptake 
of each botanical fraction except plant litter in 1 
m2. The weighted δ15N of the pastures (on a m2 
basis) was determined multiplying the δ15N of each 
plant type by their N uptake, and the final result 
was divided by the total N uptake of the pasture.

The N derived from the atmosphere (%Ndfa) was 
determined by the 15N natural abundance method 
described by Unkovich et al., (2008). Forbs 
growing in the grass-alone plots were used as 
non-N- fixing reference plants.

The data were analyzed by linear mixed-effect 
models considering pasture type and plant type 
as fixed factors and farm as a random effect. All 
statistical analysis was performed in R v3.4.4.

For further details on the methods and formulas 
used for calculations see Villegas et al., (2020).

Results
Plant biomass production and nutrient uptake

The association of grass-legume pastures produced 
74% more plant biomass and showed two times 
greater N and P uptake compared to the grass-
alone pastures (Table 1). In grass-legume pastures, 
legumes showed twice the N concentration 
observed in grasses, but no difference was 
observed for P concentration in shoot tissue. 
Weighted N concentration of grass-legume 
association was significantly higher than that of 
grass-alone pasture. Such results were observed 
with an average grass-legume ratio of 65:35 of the 
total biomass found in the grass-legume pastures. 
Lower abundance of forbs (undesirable species) 
was found in the grass-legume than the grass-
alone pastures. The nutrient concentration of plant 
litter was similar among both pasture types (results 
not shown).

Table 1. Plant biomass production, nutrient uptake 
and N isotopic signature in grass-alone and grass-
legume pastures. Values in parentheses represent 
the standard deviation of the mean, n = 10 for 
grass-alone and n = 8 for grass-legume pastures. 
Different letters denote statistical differences 
according to the TukeyHSD test (α = 0.05)



100

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

Pasture tyoe Dry Matter 
productivity 
(Kg m2)

N up-
take

(g M-2)

P uptake 
(g m2)

Total N in 
principal 
grass (g kg-1)

Total N in 
legume  
(g kg-2)

Weighted

δ15N

(%)

Grass-alone 62.4 (43.2)a 0.8 (0.5)
a

0.07 (0.05)a 14.9 (3.5)a - 4.6 (2.9)a

Grass-legume 107.8 (41.8)
b

2.2 (1.3)
b

0.14 (0.08)b 14.8 (3.5)a 27.8 (3.3) 2.1 (1.7)b

Legume-N derived from the atmosphere

Two legume species were identified in the 
evaluated farms: Pueraria phaseoloides and 
Arachis pintoi. The calculated %Ndfa for P. 
phaseoloides was 83.7%, while it was 67.5% 
for A. pintoi. The amount of N fixed in legumes´ 
biomass was estimated up to 3.7 g N m-2.

Isotopic δ15N signature of pasture components

The weighted δ15N of the combined biomass of the 
grass-alone swards was 4.6‰, and it was 2.1‰ for 
grass-legume swards. The δ15N signature of the 
soil or separate plant types was not statistically 

different between both pasture types. Significant 
differences were observed in the δ15N signature 
among plant species (Figure 1). For the grasses, 
the highest δ15N signature observed was that of 
U. decumbens, followed by U. brizantha and U. 
humidicola. Regarding legumes, the δ15N signature 
of P. phaseoloides was significantly higher than 
that of A. pintoi. The δ15N signature of grasses 
was highly variable, ranging from −1.2 to 8.9‰. 
Variation was higher in grass-alone than in grass-
legume pastures, and higher in U. humidicola 
compared to the other grass species.

Figure 1. δ15N signature of principal grasses, 
legumes, forbs and soil in grass-alone and grass-
legume pastures.

Discussion
Association of grass-legume pastures 
outperformed grass-alone pastures both in terms 
of plant biomass production, and nutrients uptake. 
The weighted δ15N of grass-legume pastures 
was significantly lower than that of grass-alone 
pastures, and N fixation was estimated at around 
80% by associated legumes. A legume proportion 
of 20 to 45% of total dry matter has been estimated 
to cover N requirement of pasture growth in the 
tropics (Thomas 1992), being animal excreta and 
litter decomposition the main N transfer pathways 
(Dubeux et al., 2015). Our findings suggest that 
grasses in the grass-legume plots might have 

benefited from atmospheric-N fixed by legumes to 
cover N demand.

Variation of the δ15N signature of grasses was higher 
in the grass-alone than in grass-legume pastures. 
This may indicate that grasses exploit different N 
sources when they are cultivated alone, than when 
associated with legumes. The capacity of certain 
tropical grasses to obtain atmospheric N has been 
well documented (Reis et al., 2001), and it is 
known that Urochloa grasses may obtain around 
20% of N from the atmosphere, a process that may 
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alter the δ15N signature of its biomass. On the other 
hand, low δ15N signatures have been also related 
to biological nitrification inhibition (BNI) in 
U.humidicola (Karwat et al., 2018), a strategy that 
presumably conserves N in ammonium form in the 
soil suppressing the activity of microbial nitrifiers 
(Subbarao et al., 2009).

Grass-legume associations are an alternative to 
grass-alone pastures towards more sustainable 
livestock production models while preventing 
pasture degradation. To elucidate the specific N 
sources used by grasses depending on pasture 
composition, the role of BNI, associative N 
fixation, and mycorrhizal association should be 
further studied.
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Abstract
Woody encroachment of mesquite (Prosopis) and acacia (Acacia) species into grasslands has widespread 
and ongoing impacts on grassland ecosystems. Changes in the herbaceous layer are associated with 
changes in the canopy cover of these sparse-canopied species, which do not exclude the herbaceous 
component, but often change species composition under the canopy relative to surrounding open areas. 
These effects are often differential based on productivity of the site and herbaceous species composition 
of the grassland.

Here we investigated landscape-scale changes in the herbaceous composition resulting from changes 
in canopy cover of honey mesquite (Prosopis glandulosa) within woody-encroached areas of Texas, 
U.S.A. Mesquite canopy percent changes were determined from aerial photographs and related to field-
based measurements of the herbaceous component. We then related our findings to similar studies in 
the literature within different environments to assess similarities and differences among the impacts on 
the herbaceous component across a range of conditions. We utilized herbaceous layer functional groups 
to make these comparisons across different sites. Finally, we evaluated these changes in herbaceous 
composition to rates of woody encroachment to assess temporal changes across the landscape and 
possible impacts from restoration. We found that changes in the herbaceous layer were dependent on 
length of time of woody encroachment, percent woody cover, and site productivity.

Introduction
Semi-arid grassland ecosystems worldwide 
have been encroached by woody legumes in the 
Prosopis and Acacia genera (Ansley et al., 2001; 
Sankaran et al., 2005). These sparse-canopied trees 
change the sub-canopy herbaceous composition 
and production of rangelands (Scholes and Archer 
1997). Mesquite (Prosopis) and Acacia species 
are nitrogen-fixing, semi-arid leguminous trees 
and shrubs with thin, bipinnately compound 
leaves, deep tap roots, and shallow lateral roots. 
At low levels of woody canopy cover, herbaceous 
diversity and production may increase in an area; 
however, as canopy cover increases, herbaceous 
production and diversity often decreases (Archer 
1990; Scholes 2003; Riginos et al., 2009). Changes 
in herbaceous diversity and production associated 
with woody cover are likely related to several 
factors including sub-canopy light limitation, soil 
fertility, and water status (Belsky et al., 1989).

In mesquite (Prosopis glandulosa) encroached 
areas of the Southern Great Plains of North 
America, herbaceous transition occurs rapidly as 

percent canopy cover increases across the range of 
25 - 40% (Ansley et al., 2004; Ansley et al., 2013). 
Decreases in herbaceous production are often due 
to increases in C3 grass relative to C4 perennial 
grass cover (Ansley and Castellano 2006; Teague 
et al., 2008). Archer (1990) also conceptualized 
a threshold where areas rapidly transition from 
herbaceous-driven succession to woody species-
driven succession as mesquite canopy increases, 
with a resulting decrease in herbaceous production. 
These woody-encroached grasslands and savannas 
are ‘unstable’ systems where disturbances (fire, 
herbivory, mechanical, or chemical treatment) are 
required to prevent canopy closure (Sankaran et 
al., 2005).

In this study we used aerial photographs (drone 
images) from mesquite-encroached areas to 
determine individual mesquite canopies, overall 
percent canopy cover, and location of C3 cool-
season grasses (CSG) and C4 warm-season 
grasses (WSG) relative to mesquite canopies. We 
compared these to ground-based measurements 
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of mesquite canopy area and herbaceous percent 
cover of CSG and WSG functional groups relative 
to mesquite canopies.

Materials and methods 
Three areas in north-central Texas, USA were 
chosen based on a range of mesquite cover (15 - 
50%) and the presence of CSG and WSG. Mean 
annual precipitation for the region is 850 mm, with 
highest precipitation occurring in the spring and 
fall. The soils are clay loams. At each site, we used a 
drone (DJI 4 Pro) to take aerial photographs from a 
height of 92 m. Aerial data was collected during the 
dormant season to differentiate the below-canopy 
herbaceous layer into live CSG and dormant WSG. 
Using Arc GIS 14.0, we determined individual 
georeferenced canopy areas, percent mesquite 
canopy cover, and percent cover and location of 
CSG and WSG relative to mesquite canopies. We 
used a supervised maximum likelihood method to 
classify CSG and WSG. Aerial images collected 
during the growing season, when mesquites had 
live foliage, were used to create circular canopy 
shapefiles to verify mesquite canopy locations in 
the classified images from the dormant season.

Ground-based measurements included mesquite 
canopy area and herbaceous percent cover based 
on the line- intercept method. Using individual 
mesquite trees as the center, line-intercept transects 
were run in random directions from the main stem 
in lengths that were double the canopy radius to 
include sub-canopy areas beneath mesquite trees 

and inter-canopy areas between trees. This allowed 
us to compare CSG and WSG coverage between 
sub-canopy and inter-canopy microsites. Grasses 
were documented to the species level and then 
converted to CSG and WSG functional groups 
to standardize results for comparisons across 
different sites with different species. For analysis, 
we split the study sites into areas with mesquite 
canopy cover < 20 % (solitary trees) and areas > 
40% (aggregated trees). For classified images, we 
used linear regression to assess the relationship 
between imaged-based and field-based herbaceous 
measurements. For line-intercept data, we used 
linear regression to compare relationships between 
mesquite canopy area and percent coverage of 
CSG and WSG functional groups. Sub-canopy and 
inter-canopy data were compared separately.

Results
Linear regression of sub-canopy cover of CSG and 
WSG in classified drone images versus field-based 
measurements indicated favourable agreement (r2 
= 0.7). Field-based measurements made in areas 
with < 20% mesquite cover indicated positive (r2 
= 0.8) and negative-sloping (r2 = 0.7) log normal 
linear relationships for sub-canopy percent cover of 
CSG and WSG, respectively, with canopy area of 
individual mesquite trees (Fig 1). The proportion 
of CSG relative to WSG increased rapidly when 
tree canopy areas transitioned from approximately 
10 m2 (20% CSG and 60% WSG) to 40 m2 (60% 
CSG and WSG 20%) per tree. Inter-canopy 
CSG and WSG coverage averaged 7% and 80%, 
respectively.
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From field measurements made in areas > 40% 
mesquite cover, we determined no relationship 
between individual tree canopy area and sub-
canopy CSG coverage (r2 = .03). Regardless of 
individual mesquite canopy size, CSG comprised 
a high percentage of both the sub-canopy (88%) 
and inter-canopy (83%) microsites.
Figure 1: Percent cover of cool-season (CSG) and 
warm-season grasses (WSG) in the sub-canopy 
herbaceous layer relative to canopy areas of 
individual mesquite trees.

Discussion
Based on aerial photos and field measurements, 
mesquite trees aggregate on the landscape, 
in addition to occurring as solitary, randomly 
distributed trees. In sites where mesquite coverage 
was < 20%, trees were mostly solitary and randomly 
distributed. In areas where mesquite coverage was > 
40%, trees were more aggregated on the landscape. 
Other studies have described woody encroachment 
as a progression from solitary trees to aggregates 
that eventually coalesce into woodlands, mediated 
by rainfall (Archer 1988). Ansley et al., (2001) 
found that mesquite cover increased on average 
2.2 % per year in a moderately-productive clay 
loam site, with mesquite encroachment possibly 
becoming self-limiting at some point past > 60% 
canopy cover.

At the landscape scale, Ansley et al., (2013) 
found that in mesquite-encroached areas of 

North America, a threshold exists between 25 - 
40% woody canopy cover where the herbaceous 
transition from WSG to CSG occurs rapidly. In 
this study, we determined that a transition from 
sub-canopy WSG to CSG occurs at the individual 
tree level based on size of tree (canopy area). This 
change occurs rapidly until the canopy area of 
individual trees reaches 40 - 50 m2. The transition 
from sub-canopy WSG to CSG occurs more slowly 
after that point. This transition at the individual 
tree level drives change at the landscape scale, 
and along with tree aggregation, further speeds 
the transition to CSG. Our findings indicate that 
mesquite tree cover > 40% is closely aggregated, 
and there is not enough inter-canopy space to allow 
WSG to persist across the landscape.

These effects are often differential based on 
productivity of the site and species composition of 
the grassland. Our findings were from moderately-
productive sites with adequate rainfall, where 
encroaching trees aggregate and greatly decrease 
native WSG to CSG ratios. This generally lowers 
total herbaceous production of the site, but may 
spread production across the year given increased 
CSG (Ansley et al. 2004; Teague et al., 2008). 
In semi-arid, low-productivity sites where CSGs 
rarely occur, sparse-canopied leguminous trees 
may increase sub-canopy herbaceous productivity 
of WSG relative to open, inter-canopy areas 
through N-fixation and improved water status 
(Belsky et al., 1989; Kahi et al., 2009).
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Abstract
Many arid and semi-arid rangelands exhibit distinct spatial patterning of vegetated and bare-soil-dom-
inated patches.  The latter potentially represent a grazing-induced, degraded ecosystem state, but could 
also arise via mechanisms related to feedbacks between vegetation cover and soil moisture availability 
that are unrelated to grazing.  The degree to which grazing contributes to the formation or maintenance 
of degraded patches has been widely discussed and modelled, but empirical studies of the role of grazing 
in their formation, persistence, and reversibility are limited.  We report on a long-term (17 yr) grazing 
removal experiment in a semi-arid savanna where vegetated patches composed of perennial grasses 
were interspersed within large (>10 m2) patches of bare soil.  Short term (3 yr) grazing removal did not 
allow bare patches to become revegetated, whereas following long-term (17 yr) grazing removal, bare 
soil patches were revegetated by a combination of stoloniferous grasses and tufted bunchgrasses. In the 
presence of grazers, stoloniferous grasses partially recolonized bare patches, but this did not lead to full 
recovery or to the establishment of tufted bunchgrasses.  These results show that grazers alter both the 
balance between bare and vegetated patches, as well as the types of grasses dominating both patch types 
in this semiarid savanna.  Large herbivores fundamentally shaped the composition and spatial pattern 
of the herbaceous layer by maintaining a two-phase herbaceous mosaic.  However, bare patches within 
this mosaic can recover given herbivore removal over sufficiently long time scales, and hence do not 
represent a permanently degraded ecosystem state.  
Introduction
Many arid and semi-arid rangelands exhibit 
distinct spatial patterning of vegetated and bare-
soil-dominated patches.The latter potentially 
represent a grazing-induced, degraded ecosystem 
state, but could also arise via mechanisms related 
to feedbacks between vegetation cover and soil 
moisture availability that are unrelated to grazing. 
The degree to which grazing contributes to the 
formation or maintenance of degraded patches 
has been widely discussed and modelled, but 
empirical studies of the role of grazing in their 
formation, persistence, and reversibility are 

limited. We report on a long-term (17 yr) grazing 
removal experiment in a semi-arid savanna where 
vegetated patches composed of perennial grasses 
were interspersed within large (>10 m2) patches of 
bare soil.

Materials And Methods
The study was conducted at Mpala Conservancy 
(MC), eastern Kenya, a semi-arid rangeland 
managed for the production of commercial cattle 
which coexist with a diverse community of  native 
large herbivores. MC is underlain by deep, 
well-drained, friable sandy loam soils developed 
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from metamorphic basement material (Ahn 
and Geiger 1987). Soils sampled throughout the 
study area (0-20 cm depth) average 76% sand, 
1.1% carbon (C), and 0.1% nitrogen (Augustine 
2003). The topography consists of gently rolling 
hills.   Mean annual rainfall increases from north 
to south, with a long-term mean of 508 mm. The 
vegetation consists of a discontinuous mosaic of 
woody plants (~28 – 33% cover) dominated by 
Acacia etbaica, A. mellifera, and A. brevispica, 
and a discontinuous understory herbaceous layer 
dominated by perennial C4 grasses, primarily 
Digitaria milanjiana, Cynodon dactylon, 
Pennisetum mezianum and P. stramineum 
(Augustine 2003; Augustine and McNaughton 
2006). Fire may have  been an important 
driver of vegetation dynamics and herbivore 
distribution, but has been actively suppressed by 
ranch managers since European settlement. Over 
the past two decades, approximately 1,400–3,100 
cattle have been maintained at Mpala, averaging 
7.1 km-2. Native ungulate grazers consist of plains 
zebra (Equus burchellii), Grevy’s zebra (Equus 
grevyi), waterbuck (Kobus ellipsiprymnus) and 
buffalo (Syncerus caffer), all of which occur at 
densities < 1.5 km-2 (Augustine 2010). The three 
most abundant native mixed-feeding and browsing 
ungulates are impala (Aepyceros melampus; 20 
km-2), dik- dik (Madoqua guentheri; 70 - 139 
km-2), and elephant (Loxodonta africana; 1.7 
km-2; Augustine 2010; Ford et al., 2015). When we 
initiated this experiment in 1999, the herbaceous 
layer contained a mosaic of bare soil-dominated 
patches on the order of ~5 – 15 m in diameter. We 
established the experiment at 3 replicate sites that 
were representative of this two-phase mosaic. 
At each site, we demarcated two paired 50 x 
50 m plots that were as similar to one another as 
possible in terms of herbaceous and woody plant 
composition and patch structure. We randomly 
selected one plot to be protected with a 70 x 70 
m 11-strand electrified exclosure that prevented 
access by all mammalian herbivores the size of a 
dik-dik or larger, and one to serve as a control.

Measurements of herbaceous cover

Within each 50 x 50 m plot, we established a 
systematic grid of survey points (6 x 6 point 
grid), with points spaced at 10-m intervals. 
At each point, we measured cover of 6 plant 
functional groups in the herbaceous layer by 
placing a 1.1-m long pin frame in each cardinal 
irection radiating from the survey point, and 

using the frame to insert 10 pins (spaced at 10 
cm intervals) through the herbaceous layer at a 
45 degree angle. The six functional groups for 
which we measured aboveground, live plant 
cover were: (1) stoloniferious perennial grasses 
(2) tufted perennial bunchgrasses, (3) ascending 
perennial bunchgrasses (perennial grasses with 
leaves growing from vertically oriented stems (4) 
low- forage-value graminoids (5) forbs, and (6) 
dwarf shrubs

We analyzed temporal changes in cover of 
herbaceous functional groups for initially bare 
patches and for initially vegetated patches, in 
both cases using a repeated-measures linear mixed 
model that also accounted for the randomized 
complete block design applied at the whole-plot 
level, and the division of whole plots into bare vs. 
vegetated subplots based on their initial condition. 
Analyses were conducted using SAS v9.4.

Measurements of completely barren patches

At the completion of the experiment in 2016, we 
used a second method, based on maps created using 
a high-resolution Global Positioning System (GPS) 
recording device, to more precisely quantify the 
amount and distribution of patches within each 
whole plot that were nearly completely devoid of 
herbaceous vegetation cover. Completely barren 
patches that were 1 – 1.5 m2 in size were mapped 
as a single point. Patches larger than 1.5 m2 
were mapped as polygons using a Trimble GeoXT 
3000 (Trimble Companies, Sunnydale, CA, 
USA), set for a maximum dilution of precision 
of 6.0. During mapping, polygon vertices were 
each recorded at approximately 1-m intervals, with 
>10 sets of coordinates recorded and averaged to 
calculate each vertex coordinate.We use these 
data to  present  maps  and summary  statistics  of 
completely barren patches within each control and 
exclosure plot.

Results
Responses to herbivore exclusion

Bare soil exposure in bare patches declined more 
rapidly in exclosures relative to controls(Figure 
2). The effect of herbivore removal was 
marginally evident after 3 years (Treatment 
contrast for bare patches in 2002: F1,20= 3.99, 
P = 0.059), and highly significant after 17 years 
(Treatment contrast for bare patches in 2016: F1,20 
= 14.60, P = 0.001). The annual rate of decline 
in bare soil for initially bare patches inside 
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exclosures was relatively consistent in years 1 
– 3 versus 4 – 17 (4.2% and 2.9% per year 
respectively; Figure 2). In grazed controls, bare 
soil exposure in bare patches remained constant 
over the first three years and declined over the 17-
year period, but at a significantly lower rate than 
inside exclosures (1.2% per year; Figure 2). We 
originally hypothesized that recolonization of 
bare patches by herbaceous vegetation following 
herbivore removal would primarily occur by 
stoloniferous grasses. We found that STG cover 
increased over time throughout the experiment 
(Year: F2,20= 16.68, P < 0.001), but that herbivore 
exclusion did not influence the rate of increase 
either in bare patches (Treatment contrast for 
bare patches in 2002 and 2016: F1,20 < 1.43, P 
>0.25) or in vegetated patches (Treatment contrast 
for vegetated patches in 2002 and 2016: F1,20 < 
0.85, P > 0.37; Figure 3a).Tufted bunchgrasses 
responded positively to herbivore removal, but 
this response was contingent on patch type. TBG 
cover was low in bare patches at the start of the 
experiment (1 - 3%; Figure 3b) and in the presence 
of herbivores, remained low after 3 years (1%) and 
17 years (6%; Figure 3b). Following herbivore 
removal, TBG cover increased only slightly in the 
short- term (to 7% in 2002; Treatment contrast 
for bare patches: F1,20= 0.90, P = 0.35) but 
increased dramatically to 24% in 2016 (Treatment 
contrast for bare patches: F1,20 = 11.01, P = 
0.003). In contrast, TBG cover was unaffected 
by herbivore removal in vegetated patches, which 
averaged 13% cover in 1999 and 17% cover in 
2016 (Treatment contrast for vegetated patches: 
F1,20 = 0.03, P = 0.86). Ascending bunchgrasses 
showed similar trends in relation to patch type 
and herbivore treatment as the tufted bunchgrasses, 
but patterns were more variable among sites. In 
bare patches  we detected a marginally significant 
effect of herbivore removal on ABG cover after 
17 years (Treatment contrast in bare patches for 
2016: F1,20= 3.79, P = 0.066). In vegetated 
patches, ABG cover averaged 4% in 1999 and 
7% in 2016, and was unaffected by herbivore 
removal (Treatment contrast for vegetated 
patches in 2016: F1,20= 0.39, P = 0.54). Low-
forage-value graminoids were unique in being 
the only functional group for which herbivore 
removal significantly affected cover in vegetated 
but not bare patches. Within initially vegetated 
patches, LFVG cover declined over time in the 
absence relative to the presence of herbivores 
(Treatment contrast in 2002: F1,20= 4.20, P = 

0.053, and in 2016: F1,20 = 6.11, P = 0.022). 
In bare patches, LFVG cover was not influenced 
by herbivore removal (Treatment contrast in 2016: 
F1,20= 2.4, P = 0.14). The two non-graminoid 
functional groups (forbs and dwarf shrubs) varied 
in abundance among years and between patch 
types (with greater cover in 2002 and in vegetated 
patches), but neither were affected by herbivore 
removal (P > 0.15 for treatment contrasts in both 
patch types in 2002 and 2016; data not shown).

Discussion
Discontinuous vegetation cover, often 
characterized by densely vegetated patches 
alternating with non-vegetated patches that are 
tens to hundreds of meters in diameter, 
characterizes many arid and semiarid ecosystems 
worldwide (Aguilar and Sala 1999; Deblauwe et 
al., 2008). These two-phase vegetation mosaics 
can arise via spatial feedbacks between vegetation 
cover and surface run-on/run-off dynamics, as 
demonstrated via multiple modelling approaches 
(e.g. Klausmeier 1999; Hillerislambers et al., 
2001; King and Franz 2016). While ecologists 
have also theorized that grazing by large herbivores 
contributes to vegetation pattern formation (van 
der Koppel et al., 2002), and that spatial 
patterns may provide an indicator of grazing-
induced  ecosystem degradation (e.g. Kefi et al., 
2007), empirical support for this idea has been 
limited.  Here, we have clearly demonstrated that 
the removal of large herbivores from a semi-arid 
savanna allowed bare-soil-dominated patches 
to become revegetated, resulting in a far 
more homogenous distribution of herbaceous 
vegetation cover compared to the grazed savanna. 
This shift from a two-phase mosaic to a 
continuous herbaceous layer occurred only with 
long-term herbivore removal, on the order of 1 – 
2 decades. Short-term removal of herbivores for 
1 – 3 years . (Augustine and McNaughton 2006) 
was insufficient to allow bare patches to become 
revegetated. This result indicates that simply 
resting a portion of this savanna landscape from 
livestock grazing for one or two growing seasons 
will be insufficient to restore bare patches.

Our study also provides important insights to the 
concept of alternative stable states in rangeland 
ecosystems. Bare patches often develop physical 
surface crusts that reduce water infiltration  and 
increase surface runoff (Valentin et al., 1999; 
Franz et al., 2012). These processes are thought to 
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generate positive feedbacks that prevent vegetation 
reestablishment and thus could potentially result 
in an alternative stable state that cannot be reversed 
via a reduction in grazing pressure alone (van 
de Koppel et al., 1997, 2002). Our results show 
that in the short term, bare patches are indeed 
relatively stable even in the absence of grazing. 
However, they do not represent alternative stable 
states because long-term removal of herbivores 
results in grass reestablishment, even in the 
absence of other restoration treatments, such as 
creating physical barriers to runoff or raking the 
soil surface (e.g. Kinyua et al., 2010; Kimiti et al., 
2016). The finding that stoloniferous grasses 
were the only functional group to increase 
significantly over time in the presence of grazers 
(Figure 3) is consistent with the high grazing 
tolerance of these species, associated with their 
prostrate growth form and lack of reliance 
on reproduction from seed. Additionally, we 
suggest that the substantial increase over time 
in boththe presence and absence of herbivores 
may be related to periods of unusually favorable 
rainfall during our study. The functional groups 
that responded significantly to herbivore removal 
were the tufted bunchgrasses, which increased 
in bare patches inside but not outside exclosures, 
and the low-forage-value graminoids, which 
declined in vegetated patches inside but not 
outside exclosures. The two most abundant 
species in the tufted bunchgrass functional 
group, Enteropogon macrostachyus and Themeda 
triandra, are particularly sensitive to grazing 
because they exhibit minimal inflorescence 
production where they are accessible to grazers. 

However, these species can dramatically increase 
inflorescence production in response to 1 year of 
protection from grazing (Augustine 2002, Snyman 
et al., 2013). Given that we detected long-term 
(17 yr) but not short-term (3-yr) increases in 
tufted bunchgrass cover in bare patches inside 
exclosures, we  suggest that tufted bunchgrasses 
require multiple years of protection from 
grazers in order to establish via seedlings and 
grow successfully in bare patches, potentially 
facilitated by the establishment of stoloniferous 
grasses that helped to reduce water loss to runoff. 
The only grazing-induced shift in functional 
group composition that we detected within 
established vegetation patches was a decline in 
LFVG species inside exclosures relative to grazed 
plots. We suggest that where grasses were already 
established prior to herbivore removal, the lack  
of grazing led to increased competition among 
grasses and an associated decline in LFVG species. 
In the absence of grazing, tufted and ascending 
bunchgrasses as well as the stoloniferous grasses 
can develop vertically oriented stems and leaf 
canopies that are taller than LFVG species. 
Overall, our results indicate that grazers both alter 
the balance between bare and vegetated patches, 
and affect the types of grasses dominating both 
patch types in this semiarid savanna. Thus, large 
herbivores fundamentally shaped the composition 
and spatial pattern of the herbaceous layer by 
maintaining a two-phase herbaceous mosaic, but 
bare patches within this mosaic can recover given 
herbivore removal over sufficiently long time 
scales, and hence do not represent an alternative 
stable ecosystem state.

References
Aguiar, M., and Sala, O. E. 1999. Patch structure, dynamics and implications for the functioning of arid 

ecosystems. Trends in Ecology and Evolution, 14, 273-277.

Ahn, P., and Geiger, L. 1987. Kenya soil survey - soil of Laikipia District. Ministry of Agriculture, National 
Agricultural Laboratories, Kabete, Kenya.

Augustine, D. J. 2003. Spatial heterogeneity in the herbaceous layer of a semi-arid savanna 
ecosystem. Plant Ecology, 167(2), 319-332. doi:10.1023/A:1023927512590

Augustine, D. J., a n d  McNaughton, S. J. 2006. Interactive effects of ungulate herbivores, soil 
fertility, and variable rainfall on ecosystem processes in a semi-arid savanna. Ecosystems, 9(8), 
1242-1256. doi:10.1007/s10021-005-0020-y

Deblauwe, V., Barbier, N., Couteron, P., Lejeune, O., and Bogaert, J. 2008. The global 
biogeographyof semi-arid periodic vegetation patterns. Global Ecologyand Biogeography, 
17(6), 715-723. doi:10.1111/j.1466-8238.2008.00413.x



111

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

Franz, T. E., Caylor, K. K., King, E. G., Nordbotten, J. M., Celia, M. A., and Rodríguez-Iturbe, I. 2012. 
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Abstract
The Namaqualand region in South Africa is part of the richest arid biodiversity hotspot in the world. 
Plant distribution and diversity here are impacted by various biophysical and anthropogenic factors. In 
these landscapes, poisonous plant patches, which pose serious threats to livestock, are widespread but 
their contribution to the regions biodiversity are not fully understood. This study assessed their plant 
diversity and compared its matrix. This study was conducted in the semi-arid to arid Steinkopf pastoral 
area located in Namaqualand where livestock is still herded daily. Twenty-five paired sites were selected 
based on the dominance of poisonous plants within the genera Tylecodon, Euphorbia and Adromischus. 
Within these sites, the number and abundance of different plant species were recorded and categorised 
into different plant functional types. Results showed a significant difference in Shannon Wiener plant 
diversity where poisonous plant patches displayed a greater diversity compared to sites sampled in the 
matrix. We interpret these findings as a consequence of herding in the region, where herders do not allow 
their animals to graze on or near poisonous plant patches. As such, palatable plants, which are absent or low 
in abundance in the surrounding landscape have a refuge where they can survive and set seed. This study 
provides evidence that the ethnobotanical knowledge of herders and palette of livestock are also major 
contributors to the spatial distribution and diversity of plant species in the arid biodiversity hotspot.

Introduction
Poisonous plants are distributed worldwide and 
are found in almost all plant communities. These 
plants however pose a significant economic risk to 
the livestock farming industry (Kellerman 2009). 
Livestock losses that occur because of the ingestion 
of poisonous plants include, but are not limited 
to livestock fatalities, decreased productivity, 
increased abortions, birth defects, and increased 
management costs (Walelign and Mekuriaw 
2016). As a preventative measure, some farmers 
have taken to remove poisonous plants from the 
landscape owing to the risks they pose for livestock 
(Kellerman 2009). The full extent of the ecological 
consequences of removing these poisonous 
plants from the landscape remains unknown. 
Thus, understanding the diversity of poisonous 
patches in relation to the rest of the landscape will 
ultimately lead to a better understanding of the role 
that poisonous plants play in these ecosystems. In 
arid ecosystems, vegetation is generally arranged 

in what is referred to as a two-phase mosaic. This 
mosaic is made up of patches of high plant cover 
scattered within a matrix characterized by low 
plant cover (Sala and Aguiar 1996). These patches 
are scattered throughout the landscape as either 
bands or clumps of dense vegetation patches. 
The underlying drivers of the two-phase mosaic 
include the redistribution of seeds, nutrients, and 
water from sources to what is referred to as sinks 
in landscape. Variations in the degree to which 
either of these drivers play a role determines 
whether a pattern is banded or clumped (Aguiar 
and Sala 1999). Furthermore, studies have shown 
dominant woody plants to protect plants preferred 
by livestock from grazing in vegetated patches 
(Parker 1982). However, little is known of the role 
poisonous plants play in patch dynamics in arid 
ecosystems. This study tested the hypothesis that 
poisonous plants not only protect palatable plants 
from grazing but act as islands of diversity in an 
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arid grazing system. Specifically, the study aimed 
to assess the association between poisonous plants 
and palatable forage species, and to determine 
whether poisonous plant patches could be 
considered ‘islands of diversity’.

Materials and methods 
The study was conducted in the Steinkopf pastoral 
area which is 582 634 hectares in size (Piers et al., 
2020). There are about 50 000 resident pastoral 
livestock that are herded from permanent to 
temporary stockposts that are scattered throughout 
the rangeland. Within the Steinkopf pastoral area, 25 
sites were selected in the winter rainfall shrublands 
and were based on patches dominated by large 
poisonous plants within the genus Tylecodon, 
and Euphorbia. These patches were found along 
grazing routes recommended by herders and 
livestock farmers in the area. At each site, a 225 m2 
plot was laid out, which was further divided into 
20 subplots using 2 x 2 m quadrats. Within each 
quadrat plant species were recorded- specifically 
the name and number of occurrences. Each 
recorded species was then placed into functional 
groups based on palatability and growth form. 
This process was then repeated for non- poisonous 
plant patches (in the matrix) at each of the 25 
sites. The statistical analysis of this data included 
independent sample t-tests comparing the diversity 
(calculated using the Shannon-Weiner Index (H’)) 

of species sampled on poisonous plant patches to 
that of species sampled in the matrix. Similarly, 
a t-test comparing the diversity of functional 
groups on and off poisonous plant patches was also 
conducted. Furthermore, Coles Index (C7) derived 
from (Cole 1949) was used to determine which 
species are associated with poisonous plants found 
on poisonous plant patches.

Results
The results in figure 1 indicate that poisonous 
plant patches have a significantly higher mean 
alpha diversity than the surrounding matrix 
(mean matrix species diversity = 1.34 and mean 
poisonous patch diversity = 1.94, t = -5.54, p < 
0.05). Similarly, figure 2 shows poisonous patches 
have a significantly higher mean growth form 
diversity than its surrounding matrix (mean matrix 
growth form diversity = 0.94 and mean poisonous 
patch growth form diversity = 1.46, t = -7.34, 
p < 0.05). Coles Index (C7) analyses (Table 1) 
indicate the plants associated with these poisonous 
plants across the 25 sites sampled. Adromischus, 
Euphorbia, Tylecodon paniculatus and Tylecodon 
reticulatus are highly associated with species in the 
genus Lampranthus- a dwarf succulent, with the 
exception of Tylecodon wallichii which is highly 
associated with a species in the genus- Pentzia. 
This association is based on the degree to which 
these species joint occurrence become more 
frequent.

Figure 1: The diversity of plant species in poisonous plant patches compared to patches sampled 
within the matrix.
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Figure 2: The diversity of plant functional groups (growth forms) in poisonous plant patches compared 
to patches sampled in the matrix.

Table 1: Coles Index of associated species sampled in the poisonous patches.

Target Species Associated species χ2 Value Coles Index
Adromischus alstonii Lampranthus otzenianus 48,029 0,827

Euryops sp. 1 52,497 0,614
Lampranthus stipulaceus 43,305 0,573
Cheiridopsis denticulata 23,721 0,515

Euphorbia mauritanica Lampranthus otzenianus 98,385 0,780
Cheiridopsis denticulata 25,987 0,510
Calobota sericea 66,572 0,470
Lampranthus stipulaceus 27,358 0,462

Tylecodon paniculatus Lampranthus otzenianus 19,757 0,821
Euphorbia gariepina 13,572 0,461
Tetraena retrofracta 29,025 0,441
Roepera sp. 34,961 0,420

Tylecodon reticulatus Lampranthus stipulaceus 11,339 0,796
Jordaaniella cuprea 5,274 0,384
Ruschia sp. 3,727 0,362
Cotyledon orbiculata 7,360 0,355

Tylecodon wallichii Pentzia sp. 219,771 0,860
Wiborgia monoptera 249,161 0,804
Small succulent 197,138 0,790
Cheiridopsis denticulata 69,956 0,567
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Discussion
From the results it becomes apparent that poisonous 
plant patches have a significantly greater mean 
alpha diversity than patches that occur in the matrix. 
Furthermore, there is a significantly greater growth 
form diversity on poisonous patches compared 
to that of the matrix- where only site 10 boasts a 
greater growth form diversity within the matrix. 
From these results, we may consider poisonous 
plant patches as islands of diversity. This 
diversity may be driven by patch dynamics, where 
resources are concentrated on patches as result 
of the redistribution of water, seeds and nutrients 
in the landscape. The conditions in these patches 
facilitate growth allowing for the establishment 
of vegetation (Aguiar and Sala 1999). The 
diversity in these patches may also be driven and 
maintained by the presence of poisonous plants. 
These plants may act as a deterrent for livestock 
that may potentially graze on the palatable plant 
species on these patches thus, preferring rather 
to graze within the matrix on certain species. 
By preventing herbivory, poisonous plants may 
allow for the establishment of a greater diversity 
of species and growth forms on patches. The five 
target plant species are poisonous to livestock and 
are typically avoided. The positive associations 

observed by using the Coles index may be due 
to the target poisonous species having a positive 
effect on the associated palatable species. The 
target species may have also modified the patches 
in such a way so as to facilitate the growth of 
the associated species (Soosairaj et al., 2005). 
Alternatively, these associations may also be due 
to overlapping environmental tolerance variables 
ultimately forcing both to occupy the same area 
(Soosairaj et al., 2005). In conclusion, the results 
of this study provide evidence that poisonous 
plant patches promote species and growth form 
diversity possibly due to deterring grazers. It also 
sheds light on which palatable plants are associated 
with poisonous plants in the Steinkopf communal 
area. An understanding of which palatable plants 
are associated with poisonous plants may allow 
herders to better identify areas where poisonous 
plant species occur as some palatable plants stand 
out more from a distance than some poisonous 
plants and thus, herders could prevent livestock 
fatalities by avoiding these areas.
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Abstract
The purpose of this study was the assessment of the effect of climatic changes from 1985 to 2018 on 
the productivity of grasslands in Wielkopolska region (Poland). The weather data (precipitation sum, 
mean, maximum and minimum air temperature, insolation, relative air humidity and wind speed) were 
collected at five national weather stations evenly distributed in the region. Using this data, trends of 
Standardized Precipitation Evapotranspiration Index (SPEI) were determined. Grassland productivity 
was estimated from data collected by Polish Central Statistical Office, that refer to meadow hay production 
for each commune and each of the three regrowths. For the analysis of the effects of climatic trends on 
grassland productivity in Wielkopolska, linear regression was used. It was concluded that the climatic 
changes in the Wielkopolska region for the last 34 years were expressed as the increase of mean yearly 
air temperature, precipitation sum, as well as of the Penman-Monteith evapotranspiration (ET). The 
significance of these changes was evidenced for air temperature (p=0.0006) and for the ET (p=0.004). 
The analysis carried out for individual months showed that (i) mean air temperature was significantly 
rising in summer, from June to September, as well in April and November, (ii) precipitation sum changes 
were not significant, and (iii) the ET was rising in April and September. The significant SPEI trends 
analysed for different periods (from 1 to 12 months) indicate that soil moisture conditions in the region 
were deteriorating. No significant effect of the SPEI trends on annual grassland yield and the yield of 2nd 
regrowth in Wielkopolska was found. The significant relationship was found for selected 3-, 4-, 5- and 
6-months SPEI in winter which negatively affected hay yield in the first regrowth (p=0.011-0.039) and 
for SPEI calculated for different periods, which both increased and decreased the grassland productivity 
in third regrowth.

Introduction
Climatic factors largely determine the productivity 
of grasslands. According to Łabędzki et al., 
(2011), Wielkopolska represents an agro-climatic 
region in Poland characterized by a high value of 
reference evapotranspiration during the growing 
season. Such conditions do not favor the growth of 
plants on grassland, especially on those located on 
mineral soils. In addition, in recent years’ droughts 
were more and more severe during the growing 
season, especially in summer. Rising temperatures 
and changing amounts and seasonal distribution 
of precipitation affect water balance, plant species 
composition, biomass accumulation, and grassland 
quality, which has large consequences for forage 
production (Golińska et al., 2016, Smith et al., 
2008, Wibig 2012). The aim of this study was the 
assessment of the effect of climatic changes from 
1985 to 2018 on the productivity of grasslands in 
Wielkopolska region.

Materials and methods 
The weather data (precipitation sum, mean, 
maximum and minimum air temperature, 
insolation, relative air humidity and wind speed) 
were collected from 1985 to 2018 at five national 
weather stations located in the Wielkopolska 
region that belong to the Institute of Meteorology 
and Water Management. Using this data, trends 
of Standardized Precipitation Evapotranspiration 
Index (SPEI) were determined. The SPEI was 
calculated using the R programming environment 
(Vicente-Serrano et al., 2010) according to 
the formula: SPEI = P - ET0, where reference 
evapotranspiration (ET0) was calculated by the 
Penman-Monteith method, given by Allen et al., 
(1998). Grassland productivity was estimated from 
data collected by the Polish Central Statistical 
Office, that refer to meadow hay production for 
each commune and each of the three regrowths. 
For the analysis of the effects of climatic trends 
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on grassland productivity in Wielkopolska, linear 
regression was used. All statistical calculations 
were done in the R software environment.

Results
It was concluded that the climatic changes in the 
Wielkopolska region for the last 34 years were 
expressed as the increase of mean yearly air 
temperature, precipitation sum, as well as of the 
Penman-Monteith evapotranspiration (ET). The 
significance of these changes was evidenced for air 
temperature (p=0.0006) and for the ET (p=0.004). 
It turned out that during 34 years the annual air 
temperature and the ET have increased significantly 
by 1.75 °C and 103.7 mm, respectively. At the 
same period the annual precipitation sum also has 
increased by 7.8 mm, however, this change has 
not been statistically proven. The analysis carried 

out for individual months showed that mean 
yearly air temperature was significantly rising 
in summer, from June to September, as well in 
April and November (Figure 1). In the remaining 
months, the changes in this climatic variable 
were also positive, but not statistically confirmed. 
Precipitation sum changes were not significant. In 
the analysed period higher precipitation sum was 
observed in January, May, July and October and 
lower in the remaining months of the vegetation 
season (Figure 2). ET was rising significantly in 
April and September (Figure 3). This climate 
variable has increased also in other months of the 
year, except January, May and December, however 
this changes were not significant. The increase in 
ET during the summer indicates a deterioration 
of conditions for the growth and development of 
grassland vegetation.

Figure 1: Magnitude of average air temperature change in each month in 1985-2018

Figure 2: Magnitude of precipitation sum change in each month in 1985-2018
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The search for climate change trends was carried 
out by determining the degree of fitting a linear 
regression for the 1985-2018-time series. SPEI-1, 
SPEI-2, SPEI-3, SPEI-4, SPEI-5, SPEI-6, SPEI-12 
counted backwards from each calendar month were 
subjected to testing. In most analyses, regressions 
were significant regardless of the length of the 
period considered and regardless of the month 
from which SPEI was designated. The values of 

significant trends in changes SPEI-2 and SPEI-3 
for selected period essential for productivity of 
the first, second and third regrowths are shown 
in Table 1. The significant SPEI trends given in 
the Table 1 as well as other values analyzed for 
different periods (from 1 to 12 months) provide 
information on the occurrence possibility of 
meteorological drought (1 month), soil (3 months) 
and hydrological (6 months and more).

Figure 3: Magnitude of the change of reference evapotranspiration, calculated with the 
Penman-Monteith equation in each month in 1985-2018

Table 1: Values of significant trends of SPEI index for Wielkopolska region in 1985-2018

SPEI calculated for selected 
period:

Regression coef-
ficient

Significance of the

relationship (p-value)
Adjusted R 
squared

March – April -0.025 0.013* 0.152
March – May -0.062 0.000*** 0.573
April – May -0.055 0.000*** 0.504
April – June -0.049 0.000*** 0.557
May – June -0.054 0.000*** 0.538
May – July -0.048 0.000*** 0.464
June – July -0.045 0.000*** 0.424
June – August -0.060 0.000*** 0.632
July – August -0.058 0.000*** 0.562
July – September -0.026 0.000*** 0.313

Significance: *0.05; ***0.001

No significant effect of the SPEI trends on annual 
grassland yield and the yield of the second 
regrowth in Wielkopolska was found (Table 2). 
The significant relationship was found for the 3-, 
4-, 5- and 6-months SPEI in winter ending in March 

or April which negatively affected hay yield in 
the first regrowth with p-values ranging from 
0.011 to 0.039. It was confirmed that dry winter 
(low precipitation, no snow cover particularly 
in the last years) is the reason for which lower 
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yields are harvested in the first regrowth in May 
or June. Additionally, the summer drought in the 
previous year (negative SPEI value for two months 
period August- September) affected negatively 
productivity of the first regrowth. This result 
shows that grasslands in Wielkopolska are very 
sensitive to long-period water deficit preceding 
the first regrowth. The significant relationship was 

also found for many SPEIs calculated for different 
periods, which both increased and decreased 
the grassland productivity in third regrowth. 
The positive effect of winter drought on higher 
grassland yielding in the last regrowth could be 
explained as a consequence of the accumulation 
of nutrients during the growing period, that were 
not fully used for yield formation in the first and 
second regrowths.

Table 2: Effect of selected SPEI trends on grassland productivity for Wielkopolska in 1985-2018

SPEI calculated for
selected period:

1st regrowth 2nd regrowth 3rd regrowth Yearly yield

b p b p b p b p
August – September -2.750 0.024* -0.805 0.667 -1.982 0.007** -0.519 0.850
October – March -2.631 0.016* -1.006 0.550 2.216 0.000*** -1.445 0.583
November – March -2.790 0.011* -0.484 0.777 2.305 0.000*** -0.974 0.715
November – April -2.123 0.039* -0.618 0.694 1.091 0.087 -0.608 0.769
December – March -2.643 0.015* -0.418 0.803 2.265 0.000*** -1.049 0.690
January – March -2.460 0.021* -0.168 0.917 2.156 0.000*** -1.156 0.650

Explanations: b – regression coefficient; p – significance of the relationship (p-value); Significance: *0.05; 
**0.01; ***0.001

Discussion
The obtained results reflect the general climatic 
trends for the whole of Europe (Trnka et al., 
2011). In Wielkopolska, temperatures were 
increasing in most months, even if these increases 
were not statistically significant. In the analysed 
period more precipitation, expressed as yearly 
sum, occurred in the Wielkopolska region, but the 
trend was not confirmed. Moreover, the changes 
in timing of precipitation were detected. They 
affect soil water capacity and can have major 
effects on grass growth in Poland, where a strong 
relationship between hot weather and lack of 
precipitation since 1950 was recorded by Wibig 
(2012). The results of the ET trends confirm the 
outcomes obtained in previous study (Goliński 
et al., 2018). In the last 34 years the changes 
of weather variables determining SPEI values 
indicate a slight dominance of evapotranspiration 
over precipitation. The analysis of the linear trend 
showed that all coefficients are negative, which 
indicates a slight drought (Vicente-Serrano et 
al., 2010) and worse growth and development 
conditions for grassland vegetation.

The analysis of the productivity of grasslands 
in Wielkopolska showed that the negative SPEI 
trends in winter have a significant impact on the 
yield of the first regrowth. The similar relation 
was obtained for the second regrowth and annual 

yield, but these effects have not been confirmed. 
However, the effect of climate variables on 
grassland productivity greatly depends on site 
soil conditions as well as fertilization. In mesic 
meadows located in Wielkopolska, dry matter 
yield depends more on fertilization than weather 
conditions, expressed by SPEI (Golińska et al., 
2016). Another study showed that the relationship 
between SPEI estimated for the 6- month period 
from April to September and annual DM yield of 
grassland located on mineral soil was positive, 
while no significant effect was found for any 
quantified change in climate on grassland yield 
located on organic soils (Goliński et al., 2015).

Implications
The recognition of regionally-specific changing 
climate trends is an important part of sustainable 
grassland management. It is therefore necessary 
to build and maintain monitoring systems of 
productivity of grasslands with implications of 
difference among regions, and refine analysis 
methods to understand trends and anomalies that 
are likely to continue into the future. Management 
practices well adapted to more variable and 
stressful environments are needed for maintaining 
the agricultural productivity of grasslands. There 
are challenges to obtain grass varieties resistant 
to drought in Wielkopolska, while maintaining 
high productivity. Other adaptation approaches to 
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climate changes are new strategies of grassland 
fertilization and soil moisture optimization by 
irrigation.
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Abstract
Change in range condition classes over time are usually the basis for monitoring management 
effectiveness. Several approaches have been proposed to monitor the range condition classes in relation 
to a bench mark usually called climax stage. There are some types of range condition classification often 
included in a range inventory. In this paper, six factors of canopy cover, litter frequency, plant vigour, 
soil protection percentage, plant composition, and present production as a percentage of indicative state 
were described for determination range conditions. We have determined range condition classes by using 
R software. This method was developed by FAO projects in Iran. The relationships between different 
factors and their scores were determined by linear equations. The vegetation data in field were collected 
in 20 plots of 25x60 cm by established F-shaped layouts. In each plot, species cover percentages, litters, 
rocks, and bare soils were estimated. Based on our total scores, we got the fair state of range condition. 
It is possible to create a package in R software to determine condition classes which will be used by range 
managers and experts.

Introduction
Range condition as an important concept of 
management was defined as a present status 
of vegetation of a range site in relation to the 
climax (Dyksterhuis 1949). Change in range 
condition scores over time are usually the basis for 
monitoring management effectiveness. Several 
approaches have been proposed to monitor the 
effects of livestock on the condition of rangelands 
in relation to a bench mark situation usually called 
climax stage (National Research council 1994). 
Holechek et al., (2011) revised this definition to 
the state of health and mentioned that there were 
controversies on bench mark situation selected 
by different authors as the end point of range 
conditions. Although selection of climax for 
assessing range condition is ideal, but in many 
situation achievement to the climax condition 
is almost intangible. Perhaps comparing the 
present status of a rangeland of a key area is more 
reasonable than the concept of reference area of 
climax. A key area is a portion of rangeland that 
serves as an indicative sample of range conditions, 
or degree of seasonal use (Society for Range 

management 1989; Holechek et al., 2011). The 
vegetation of key area plays the role of climax 
condition in our range condition evaluation. Our 
methodology of quantifying the range condition 
classification mostly depends on present situation 
of vegetation in relation to quantitative measure of 
key area status. But our bench mark can be easily 
converted to other actual situations (e.g., climax 
stage).

In this paper, six factors were described for 
determination of range conditions, a method that 
was developed by FAO projects in Iran (FAO, 
1971). These factors included: (1) canopy cover, 
(2) litter frequency, (3) plant vigor, (4) soil 
protection percentage, (5) plant composition, and 
(6) production percent in relation to indicative key 
area sample. The relationship between different 
factors and their scores were determined by linear 
functions (Mesdaghi 2015). The advantage of our 
method is the possibility of creating a R package 
to determine condition classes for range managers 
and experts.

mailto:nfakhar93@gmail.com
mailto:mmesdagh@yahoo.com
mailto:klnaseri@um.ac.ir
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Materials and methods 
To describe the range condition of a steppe 
vegetation of arid region in Iran, vegetation 
data were collected in 20 plots of 25x60 cm by 
permanently established F-shaped transects fixed 
by means of pages and metallic tapes (fig. 1). 
Estimations were made for total aerial cover of all 
species in quadrate, separate cover and seedling 
number of each species, litter, rock, and bare 
soils percentages. All six measured vegetation 
factors were rated by Table 1. The ratings of range 
condition classes are shown in Table 2.

Linear functions of X, as percentages and Y, as 
the scores of each factor were calculated and the 
score of factors were obtained by interpolation of 
mean estimated measures into the linear equation 
extracted from Table 1. All calculations were made 
by R software.

Results
The collected data of six factors are shown in Table 
3 and by interpolation of estimated mean of each 
factor in linear equations, scores were obtained 
(Table 4). The total score of 49.54 was within the 
class of 50 to 69 and rated as fair condition.

Figure 1: Layout of permanent transect (A) and plot shape and size (B).
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Table 1:  Ratings of six factors for determination of range condition.

a. Canopy 
Cover b. Bare Soil c. Litter Fre-

quency
d. Plant Com-
position e. Plant Vigor

f. Production 
Percentage of 
KA

Xc 
(%)

Yc 
(Score)

Xb 
(%)

Yb 
(Score)

Xl 
(%)

Yl 
(Score) Xo (%) Yo 

(Score)
Xv 
(%)

Yv 
(Score) Xp (%) Yp 

(Score)

0-25 0-5 100 0 0-10 0-1 100-
125 0-2.5 100-

140 0-3 < 10 0

25-50 5-10 100-
90 0-2 10-20 1-2 125-

150 2.5-5 140-
180 3-6 10-34 1-5

50-75 10-15 90-80 2-4 20-30 2-3 150-
175 5-7.5 180-

220 6-9 35-64 6-10

75-
100 15-20 80-70 4-6 30-40 3-4 175-

200 7.5-10 220-
260 9-12 65-79 11-14

100 20 70-60 6-8 40-50 4-5 200-
225 10-12.5 260-

300 12-15 90-
100 15

60-50 8-10 50-60 5-6 225-
250

12.5-
15

50-40 10-12 60-70 6-7 250-
275 15-17.5

40-30 12-14 70-80 7-8 275-
300

17.5-
20

30-20 14-16 80-90 8-9

20-10 16-18 90-
100 9-10

10-0 18-20 100 10

Table 2. Ratings of range condition classes.

Range Condition Score (Percent of Key Area)
Excellent 80-100
Good 70-79
Fair 50-69
Poor 30-49
Very poor 11-29
Non-usable 0-10
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LIP= Litter Percentages, SGP= Sand/Gravel 
Percentages, TCP= Total Cover Percentages, 
BSP=Bare Soil Percentages. Agcr=Agropyron 
cristatun , Agin= Agropyron intemedium 
,Brto=Bromus tomentellus, Brpe=Bromus persicus, 
Feov=Festuca ovina, Kopr=Kochia prostrata, 
,Laor=Lactuca orientalis. Arau=Artemisia 
aucheri, Popr=poa pratense, Assi= Astragalus 
silicuses , Arau=Artemisia aucheri, Brte=Bromus 
tectorum.

Table 4: Linear equations, mean estimated 
measures, and scores of factors after extrapolation.

Factor

Linear equation of fac-
tors (Extracted from 
Table 1)

Mean of estimated mea-
sures (calculated for Table 
2)

Score of each factors after 
extrapolation in corresponding 
equation

TCP Yc = 0.20*Xc 33.30 6.66
BSP Yb = -0.20*Xb+20 64.25 7.15
FLIP Yl = 0.10*Xl 85.00 8.50
WSPC Yo =0.10*Xo-10 194.86 9.49
WSCC Yv=0.075*Xv-7.5 187.00 6.53
PPK Yp=0.125*Xp+2.875 66.67 11.21
Total 49.54

FLIP= frequency of LIP, WSPC= weighted SPC, WSCC=weighted SCC, PPK= Production as a percent 
of key area

Discussion and Conclusions
The original scores of the factors devised by FAO 
project (FAO, 1971) were not equally rated causing 
non- linearity functions and not reasonable scores, 
so our ratings were revised (Table 1) to make linear 
relationships between cover, litter, etc. and scores 
(Table 4).

The scale of our F-shaped transect is fitted to 
monitor steppe vegetation pattern. However, for 
desert regions with scattered vegetation, a large 
scale transect is needed as Wilson, et al., (1984) 
described it.
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Abstract
Drylands cover 40% of the global land area and host 2 billion people, of which 90% live in low- or 
middle- income countries. Drylands often face severe land degradation, low agricultural productivity, 
rapid population growth, widespread poverty, and poor health. Governance structures and institutions 
are often eroded. Livestock-based livelihoods, largely depending on seasonal migration are common. 
Pastoralist communities and their land are highly vulnerable to climate shocks, while there are also 
changes in land tenure, insecurity/conflicts and rapid infrastructure development. Drylands Transform 
is an interdisciplinary research project revolving around the UN Sustainable Development Goals 
(SDGs). The project aim is to contribute new knowledge to a transformative change and sustainable 
development of drylands in East Africa to help escape the ongoing negative spiral of land, livestock and 
livelihood degradation. We investigate the links between land health, livelihoods, human well-being, 
and land management and governance with several study sites along the Kenya-Uganda border. Through 
strong stakeholder engagement we will explore challenges and pathways towards a social-ecological 
transformation in these drylands. The entry point is the urgent need to identify and enhance synergies 
between food and nutrition security (SDG2), land and ecosystem health (SDG15) and governance and 
justice (SDG16) for sustainable dryland development, aiming to improve health and equity (SDGs 3 and 
5), while minimizing trade-offs between agricultural productivity, natural resources management and 
climate change. We are using innovative field research approaches focusing on livelihood improvement 
through rangeland (grazing areas) restoration and governance interventions. We will present results 
from the initial work to assess land health using the Land Degradation Surveillance Framework and 
explore the links with human health and well-being through household survey data. We will also show 
how we will co-develop sustainable dryland management options (e.g., field experiments with fodder 
grasses and shrubs) with local communities and set-up knowledge sharing hubs.

Introduction
Drylands - including hyper-arid, arid, semi-arid and 
dry sub-humid areas - cover about 40% of the Earth’s 
land surface and are expected to expand in the face 
of climate change. More than 2 billion people 
inhabits dryland areas, about 90% of them in low- 
and middle-income countries (Safriel et al., 2005) 
and about 50% of the world’s livestock resided 
there. Drylands are among the most vulnerable 
regions globally as they face enduring political 
and economic marginalization, poverty, inequity, 
food and nutrition insecurity, land and ecosystem 
degradation, and frequent conflicts. Climate change 
is projected to exacerbate dryland degradation, 

cause reductions in crop and livestock productivity 
and reduce biodiversity, which will have major 
negative impacts on food security and livelihoods 
of dryland people. Most of the northern Kenyan 
rangelands (approx. 4.5 million ha) are currently 
degraded (Mureithi et al., 2015). Demand for food, 
especially milk and meat, is projected to double by 
2050, and there is untapped potential to enhance 
dryland food production and productivity through 
diversification and sustainable intensification. 
Interrelated stressors of climate change, natural 
disasters, violent conflicts and displacement pose 
a heavy burden on communities and threaten 
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economic and sustainable development in East 
Africa (Lindvall et al., 2020). Land health is 
closely related to livestock health and production 
and to livelihood options affecting human health 
and nutrition (FAO 2018). Animal-source foods 
are nutrient-dense, including both high-quality 
protein and some essential micronutrients which 
are more difficult to obtain from plant-based 
foods. Improved livestock management practices 
with better feed quality and quantity are necessary 
mitigation options for reducing GHG emissions 
per livestock product (meat and milk) (FAO 2018). 
The project will investigate the links between land 
health, livestock- based livelihoods, human well-
being, land management and governance. It will 
contribute with new knowledge for transformative 
change and sustainable development of rangelands 
in the drylands of East Africa (Fig. 1). Through 
strong stakeholder engagement in interdisciplinary 
research, the challenges, and pathways towards 
a social-ecological transformation in drylands 
are explored with the aim to optimize synergies 
among the sustainable development goals (SDGs) 
while minimizing the trade-offs. Innovative 
field research approaches will be used, focusing 
on livelihood improvement through rangeland 
restoration and governance interventions in 
the border region between Kenya and Uganda. 
The entry point of Drylands Transform is the 
urgent need to identify and enhance synergies 
between food and nutrition security (SDG2), land 
and ecosystem health (SDG15) and governance 
and justice (SDG16) for sustainable dryland 
development, aiming to improve health and equity 
(SDGs3 and 5) while minimizing trade-offs 
between agricultural productivity (SDG2), natural 
resources management (SDG15) and climate 
change (SDG13).

Aim and research framework

The overall goal is to contribute knowledge 
and actions to realize the SDGs in East African 
drylands, which are one of the most vulnerable 
socioecological environments globally. The main 
objective is to investigate the interlinkage between 
land health, livelihoods (transhumance and non-
transhumance pastoralists, agro- pastoralists, 
and crop farmers), human well-being and land 
governance mechanisms. Specific objectives are 
to:

1. Assess land health at the landscape scale 
and explore the links with human well-
being

2. Test options to restore rangelands 
by engaging local communities, and 
develop platforms to share knowledge 
and scale interventions that promote 
resilience and productivity (” livestock 
cafés”)

3. Understand the impact of climate 
variability on livelihood strategies and 
resilience

4. Identify innovative land governance 
mechanisms and practices that effectively 
address livestock keepers’ dependence 
on both flexible and secure rights to land

5. Synthesize and scale-up key research 
findings in relation to objectives 1–4 
through the design and evaluation of 
alternative scenarios for sustainable 
dryland transformation in East Africa 
in conjunction with dissemination and 
stakeholder communication.

Figure 1. Conceptual 
framework of the Drylands 
Transform research 
project with the full name 
’Achieving the SDGs in 
East African drylands: 
Pathways and challenges 
towards a social-ecological 
transformation of 
landscapes, livestock and 
livelihoods (Formas 2020-
2024)’.
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Study sites and methodology
The geographical focus will be the Karamoja 
cluster – the cross-boundary area between Uganda, 
Kenya, South Sudan, and Ethiopia. The fieldwork 
will be conducted in four study sites, Chepareria 
(West Pokot County) and Lokiriama-Lorengkipi 
(Turkana County) in Kenya, and Matany (Napak 
District) and Rupa (Moroto District) in Uganda, 
providing variation in livelihood strategies, 
rangeland management strategies and climate. 
Chepareria and Matany are dominated by agro-
pastoralist communities, whereas Lokiriama-
Lorengkippi and Rupa are dominated by 
pastoralists. Wooded savannah, characteristic for 
the landscape in this region, is a fragile ecosystem 
where any changes in the balance can easily lead 
to degradation. Communities in the region have 
adapted to pasture and/or water scarcity by relying 
on flexible migration strategies and a balanced 
composition of the herd. 

In the project we are combining complementary 
methods:

1. The Land Degradation Surveillance 
Framework is used to assess land 
health at the landscape scale (Vågen and 
Winowiecki 2018; Vågen et al., 2018) 
across the four sites, each 10x10 km in 
size. In addition, household data on diet, 
health and livelihood parameters will be 
collected to explore the links between land 
health and human well-being.

2. Sustainable rangeland management and 
restoration options are co-developed 
with local communities by setting up 
knowledge sharing hubs (livestock 
cafés) to test how fodder and livestock 
production can be enhanced to maintain, or 
gain resilience (Fig. 2).

3. Resilience to environmental hazards is 
explored with local households and focus 
groups to assess with quantitative and 
qualitative methods the role of drought and 
flood occurrences for human health and 
well- being (children, women, men) using 
dietary diversity and child undernutrition 
among other indicators.

4. Innovative land governance mechanisms 
and practices will be identified that 
effectively address pastoral and agro-

pastorals’ dependence on both flexible 
and secure rights to land. Desk-studies 
are combined with interviews and focus 
groups discussions including different 
stakeholders.

Alternative scenarios for sustainable dryland 
transformation in East Africa will be co-designed 
and evaluated with local and regional stakeholder 
groups to explore concrete, alternative pathways 
towards realising the SDGs by optimizing 
synergies while minimizing (negotiating) trade-
offs.

Figure 2. Livestock Cafés as local knowledge-
hubs to support dialogues and trainings on 
enhancing land, livestock and human health. 
Experiments with grasses and legumes and other 
research activities will be set up at four sites.

Preliminary results and plans ahead
The current transformations in drylands are driven 
by population increase, climate change, agricultural 
commodification, infrastructure development and a 
general strive for improved livelihoods. To provide 
good livelihood conditions for more people under 
more dire conditions, production of food, goods 
and value needs to be enhanced and diversified 
through transformations that are economically 
and environmentally sustainable. Here, we will 
give some examples of results from our previous 
work to illustrate possibly options for drylands 
development. Improved fodder production units, 
with perennial grasses and legumes and fodder 
trees, fortnight kraaling and temporary protection 
from free grazing are examples of intensification. 
These practices may be carried out in private 
enclosures (e.g., Nyberg et al., 2015; 2019) such as 
communal/group enclosures for livestock fattening 
(Mureithi et al 2015) or in traditional systems 
where certain areas are temporarily protected from 
grazing (Mureithi et al 2010). Whilst the first two 
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may come into conflict with traditional land tenure 
systems and livestock migration pathways, drivers 
mentioned above seriously threatened by the latter. 
In this situation, land tenure and policies, as well 
as the function of traditional management and 
regulatory systems are of fundamental importance 
for sustainable dryland development. In an area 
in West Pokot, Kenya, where the population has 
quadrupled over the last 40 years and the use of 
private enclosures have become the norm, people 
perceived that their livelihoods have improved 
over the years (Muricho et al., 2018a; Burian et 
al., 2019). Majority of the farmers (80%) have 
livestock management as the prime motivation 
for enclosing their land, the need for long distance 
livestock migration has decreased and agricultural 
production has diversified (Wairore et al., 2015; 
Karmebäck et al., 2015; Burian et al., 2019). 
Food and nutritional security improved when the 
agricultural production was diversified with 
fruits and vegetables (Bostedt et al., 2016). Soil 
health improved (Odour et al., 2018; Nyberg et al., 
2015) and erosion decreased (Burian et al., 2019). 
However, most diversification and intensification 
were livestock-related through e.g., herd 
diversification and inclusion of improved breeds, 
enclosures protected from free grazing, increased 
milk production (Wairore et al., 2015) and a 
poultry boom (Karmebäck et al., 2015). More than 
40% of the family income comes from livestock 
sales and another 30% was derived from livestock 
management, e.g., sale of milk, hides and eggs, or 
contractual leasing out of enclosed grazing land 

and sale of hay (Wairore et al., 2015). Livestock 
management is the mainstay of livelihoods in 
this area and people still define themselves as 
pastoralists. Traditional knowledge systems and 
practices are however crucial to develop sustainable 
options to enhance productivity, especially when 
introducing modern evidence based technologies 
(Muricho et al., 2018b).

There are large knowledge gaps on how to support 
transformation towards sustainable and enhanced 
production in drylands. We need to assess the 
present land health status, including production 
potential, fodder status and seasonality. We will 
do that with the Land Degradation Surveillance 
Framework, which will enable comparison with 
> 300 other sites across Africa. In the Livestock 
Cafés, we will experimentally study different 
restoration and management options like different 
fodder grass production, hay and grass preservation 
and supplementary feed production in the form of 
nitrogen fixing tree species. Livestock Cafés will 
also be demonstration centers for co-development 
of dryland transformation pathways. This will 
include more resilient and diversified diets for 
human health and well-being. In local and regional 
multi-stakeholder platforms, governance options 
and alternative scenarios for sustainable dryland 
transformation will be explored.

Acknowledgements
The work is funded by FORMAS, the Swedish 
Research Council for Sustainable Development 
(2020-00478).

References
Bostedt, G., Hörnell, A., and Nyberg, G. 2016. Agroforestry extension and dietary diversity - an analysis 

of the importance of fruit and vegetable consumption in West Pokot, Kenya. Food Security, 8: 
271-284.

Burian, A., Karaya, R., Wernersson, J.E.V., Egberth, M., Lokorwa, B., and Nyberg G. 2019. A community-
based evaluation of population growth and agro-pastoralist resilience in Sub-Saharan drylands. 
Environ. Sci. Policy, 92: 323-330.

FAO 2018. World Livestock: Transforming the livestock sector through the SDGs. FAO Rome.

Karmebäck, V.N., Wairore, J.N., Jirström, M., and Nyberg, G. 2015. Assessing gender roles in a changing 
landscape: diversified agro-pastoralism in drylands of West Pokot, Kenya. Pastoralism, 5: 21.

Lindvall, K., Kinsman, J., Abraha, A., Dalmar, A., Abdullahi, M.F., Godefay, H., Lerenten, T.L., 
Mohamoud, M.O., Mohamud, B.K., Musumba, J., and Schumann B. 2020. Health Status 
and Health Care Needs of Drought-Related Migrants in the Horn of Africa - A Qualitative 
Investigation. Int. J. Environ. Res. Public Health, 17:5917.



130

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

Mureithi, S., M, Verdood, A., and Van Ranst, E. 2010.Effects and implications of enclosures for 
rehabilitating degraded semi-arid rangelands: critical lessons from Lake Baringo Basin, Kenya. 
In: Zdruli P, Pagliai M, Kapur S, Faz Cano A (Eds.), Land Degradation and Desertification: 
Assessment, Mitigation and Remediation. Springer Netherlands, Dordrecht, pp. 111-129.

Mureithi, S.M., Verdoodt, A., Njoka, J.T., Gachene, C.K.K., and Van Ranst, E. 2015. Benefits Derived 
from Rehabilitating A Degraded Semi-Arid Rangeland in Communal Enclosures, Kenya. Land 
Degrad. Dev. 27(8): 1853-1862.

Muricho, D.N., Otieno, D.J., Oluoch-Kosura, W., and Jirström, M. 2018a. Building Pastoralists’ 
Resilience to Shocks for Sustainable Disaster Risk Mitigation: Lessons from West Pokot, Kenya. 
Int. J. Disaster Risk Reduct., 34: 429-435

Muricho, D.N., Otieno, D.J., and Oluoch-Kosura, W. 2018b. The Role of Pastoralists’ Indigenous 
Knowledge and Practices in Reducing Household Food Insecurity in West Pokot, Kenya: A 
Binary Probit Analysis. J. Dev. Agric. Econ., 10(7): 236-245.

Nyberg, G., Knutsson, P., Ostwald, M., Öborn, I., Wredle, E., Otieno, D.J., Mureithi, S. 2015. 
Enclosures in West Pokot, Kenya: Transforming land, livestock and livelihoods in drylands. 
Pastoralism, 5: 25.

Nyberg, G., Mureithi, S.M., Muricho D.N., and Ostwald, M. 2019. Enclosures as a land management tool 
for food security in African drylands. J. Land Use Sci., 14(1): 110-121.

Oduor, C. O., Karanja, N.K., Onwonga, R.N., Mureithi, S.M., Pelster, D., and Nyberg, G. 2018. 
Enhancing soil organic carbon, particulate organic carbon and microbial biomass in semi-arid 
rangeland using pasture enclosures. BMC Ecol., 18: 45.

Safriel et al., 2005. Drylands systems, In: Ecosytems and Human well-being: Current State and Trends. 
MEA series. Vågen, T. and Winowiecki, L.A. 2018. The Land Degradation Surveillance 
Framework (LDSF) Field Guide. ICRAF. Nairobi, Kenya. http://landscapeportal.org/
blog/2015/03/25/the-land-degradation-surveillance-framework-ldsf/ 

Vågen, T., Winowiecki, L.A., Twine, W. and Vaughan, K. 2018. Spatial Gradients of Ecosystem Health 
Indicators across a Human-Impacted Semiarid Savanna. J. Environ. Qual. 47: 746-757.

Wairore, J., N., Mureithi, S., M., Wasonga, O.V., and Nyberg, G. 2015. Benefits derived from 
rehabilitating a degraded semi-arid rangeland in private enclosures in West Pokot County, 
Kenya. Land Degrad. Dev., 27, 532-54.

http://landscapeportal.org/blog/2015/03/25/the-land-degradation-surveillance-framework-ldsf/
http://landscapeportal.org/blog/2015/03/25/the-land-degradation-surveillance-framework-ldsf/


131

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

Relationship between exchangeable acidity and persistence of orchardgrass (Dactylis glomerata) 
in temperate pastures under different management 

 
*Kakihara, H; Ogura, S.

Graduate School of Agricultural Science, Tohoku University, Osaki, Miyagi, Japan
*Corresponding author email: kakihara@tohoku.ac.jp

Key words: Botanical composition; pasture management; pasture persistence; soil exchangeable 
aluminum; soil exchangeable acidity.

Abstract
Orchardgrass is a high productive, highly nutritive grass, but its persistence is low under acid soil 
condition. Therefore, to obtain the information on the effect of soil acidity on the persistence of orchard 
grass in acid soil grasslands, we investigated the relationship between exchangeable acidity (y1) and 
orchardgrass in sown pastures. Eight temperate pastures (four cutting meadows [CMs] and four cattle 
grazing pastures [GPs]) were used for vegetation survey and soil samplings. Six or three line transects 
(50 m each) were fixed in each meadow or pasture, and measurement location (three quadrats 20 cm×20 
cm in size and 50 cm apart from each other) was set along the transect at a 10 m interval. The most 
dominant plant species was recorded after first cut of the meadows in 2018. Soil samples were collected 
in the area around quadrats, at depth of 0–5 cm for measurement of y1 and other chemical properties. 
Orchardgrass was dominated in 78% and 37% of CM and GP, respectively. Tall fescue (Festuca 
arundinacea) was also dominated in 2% and 22% of CM and GP, respectively. In CM, the locations 
with higher y1 showed a tendency of higher frequency of orchardgrass (P<0.1) and significantly low 
frequency of tall fescue (P<0.05). In contrast in GP, soil y1 did not show significant relationship to the 
frequency of orchardgrass and tall fescue. Soil chemical properties such as pH, NO3-N, K2O, CaO and 
MgO show negative relationship to y1 (P<0.05) in CM or GP, although they did not show significant 
relationship to the frequency of orchardgrass. These results suggest that survival rate of orchardgrass 
increases with increase of y1, through preventing establishment of other plant species such as tall fescue 
under cutting condition, while this trend is not clear under grazing.

Introduction
Orchardgrass (Dactylis glomerata) is a widely 
used temperate forage grass because of its high 
productivity and nutritive value. However, the 
persistence of orchardgrass is reduced under 
acid soil condition (Hojito et al., 1987, Poozesh 
et al., 2010). The low persistency of orchardgrass 
in acid soils may be due to the direct effects of 
soil exchangeable aluminum (Al) or the indirect 
effects of other plant species (with higher acid 
tolerance) which have more tolerance to acid soil 
conditions with high exchangeable Al (Wheeler et 
al., 1992, Poozesh et al., 2007). The accumulation 
of inorganic nitrogen and deficiencies in the 
plant-available phosphorus and exchangeable 
cations induced by soil acidification can affect 
the persistence of sown pasture species (Hojito et 
al., 1987, Aciego Pietri and Brookes 2008). The 
different pasture management practices, such as 

cutting and livestock grazing, can also have an 
impact on the soil and pasture plants. However, 
there is little information on spatial variation of 
exchangeable Al in actual production fields and its 
relationship to orchardgrass persistence and soil 
nutrients, under different pasture management. 
Therefore, we conducted a field survey to 
obtain information on the variabilities of the soil 
exchangeable Al concentration within each pasture 
and its relationship to orchardgrass dominance and 
soil nutrients and compared these relationships 
under cutting and cattle grazing managements.

Materials and methods 
This study was conducted at the Kawatabi Field 
Science Center, Graduate School of Agricultural 
Science, Tohoku University (Ohsaki, Miyagi, 
Japan; 38.75°N, 140.76°E, 220–250 m above sea 

mailto:kakihara@tohoku.ac.jp
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level). The soil type is classified as a Haplic non-
allophanic Andosol. Four CMs (areas of 1.0–3.0 
ha) and four GPs (areas of 1.0–1.3 ha) grazed 
with cattle were selected as survey sites. All the 
CMs and the GPs were renovated in 2012 to 
2014 with orchardgrass and tall fescue (Festuca 
arundinacea). The CMs were harvested three times 
from late May to early October, and beef cows were 
rotationally grazed from late April to late October 
in the GPs. Chemical fertilizer was applied in late 
April, after the first and second cuts in the CMs 
(total rate of 153:66:72 kg N:P2O5:K2O ha–1), 
and three to five times during the grazing period 
in the GPs (total rate of 63:29:30 kg N:P2O5:K2O 
ha–1). Cattle manure compost was also applied to 
all of the CMs and the GPs from November to 
December.

Its measurements were conducted at fixed locations 
along line transects (50 m) established in the CMs 
and the GPs. Parallel six- and three-line transects 
were fixed in each CM and GP, respectively, at a 
distance of 10 m. Five measurement locations for 
the vegetation survey and soil sampling were set 
along each transect at 10 m intervals. Each location 
had three plots (20 cm×20 cm), and the center of 
each plot was set at a 50 cm interval. Vegetation 
surveys and soil sampling were conducted after 
the first cut (June 8-July 17, 2018). The most 
dominant plant species was recorded as the species 
with the highest coverage in each plot. To compare 
the botanical compositions of CMs and GPs, the 
dominance proportion was calculated separately 
for orchardgrass, tall fescue and the other plant 
species by dividing the number of dominant plots 
by the total number of plots in each CM (n=90) 
and GP (n=45). The dominance frequency of each 
plant was also calculated in each location by 
dividing the number of dominant plots by the total 
number of plots (n=3). Three soil cores collected 
at 0–5 cm depth in each location were subjected to 
measurement of soil pH and exchangeable acidity 
(y1) (Mori and Shimada 1970). The value of y1 
was used as an indicator of exchangeable Al. To 
analyze the soil nutrient contents (Total-N, NO3-N, 
NH4-N, P2O5, K2O, CaO, and MgO), additional 
soil samples were collected after the third cut 
(November 20, 2018) at 0–5 cm depth in a single 
measurement location of each line transect.

Results
Dominance proportion of plant species

The dominance proportion of orchardgrass ranged 

from 54–94% in the CMs and 29–42% in the 
GPs. The proportion of tall fescue, which was 
sown as an accompanying grass species when 
the pastures were established, was smaller in the 
CMs (0–4%) than in the GPs (9–33%). The other 
dominant plant species were redtop (Agrostis 
alba), broad-leaved dock (Rumex obtusifolius), 
sweet vernalgrass (Anthoxanthum odoratum), and 
mugwort (Artemisia princeps) in the CMs, and 
water-pennywort (Hydrocotyle ramiflora), redtop, 
sweet vernalgrass, broad-leaved dock, and reed 
canarygrass (Phalaris arundinacea) in the GPs.

Soil acidity

Soil pH in the CMs and the GPs ranged from 4.18 
to 6.20 and 4.62 to 5.59, respectively. The y1 value 
ranged from 0.55. to 25.83 in the CMs, which was 
greater than the values in the GPs (1.85–16.29). 
Although the proportion of strongly acidic soil 
(y1>5) was 50% in the CMs and 65% in the GPs, 
that of very strongly acidic soil (y1>15) in the CMs 
was 25.8% and only 1.6% in the GPs.

Effects of soil exchangeable acidity on the 
dominance frequency of plants and soil nutrient 
contents

In the CMs, the dominance frequency of 
orchardgrass tended to increase with the rise in 
y1 (p<0.1), whereas the dominance frequency 
of tall fescue decreased (p<0.05). In the GPs, no 
significant relationship was found between y1 and 
dominance frequencies of the species (p>0.1). 
Although soil pH, K2O, CaO, and MgO in the 
CMs and pH and NO3-N in the GPs decreased 
with increasing y1 (P<0.05), these soil chemical 
properties did not show any significant relationship 
to the frequency of orchardgrass.

Discussion
The dominance frequencies of orchardgrass 
increased with the rise in y1 while tall fescue 
decreased, suggesting that the higher tolerance 
of orchardgrass to soil acidity may increase its 
relative dominance to tall fescue in the strongly 
acidic soils of CMs. Soil chemical properties that 
decreased with increasing y1 were not related to the 
dominance frequencies of orchardgrass both in the 
CMs and the GPs, which indicates that a decrease 
in these properties caused by exchangeable Al did 
not increase orchardgrass.

The dominance frequency of orchardgrass did not 
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increase with increasing y1 in the GPs, probably 
because the locations with extremely high y1 were 
not observed in the GPs. Dung pats of grazing 
cattle may have suppressed soil acidification 
(During et al., 1973). Selective grazing by cattle 
may also give negative effect to the dominance 
of orchardgrass because of its high preference to 
cattle, and less tolerance to frequent defoliation. 
Moreover, competition with other acid-tolerant 
plant species may have reduced the dominance of 
orchardgrass in the locations with high y1 in the 
GPs. For example, red-top, sweet vernal grass and 
broad- leaved dock, whose dominance rank next to 
orchardgrass and tall fescue, have a high tolerance 
to acid soil conditions and Al toxicity (Pakeman 
et al., 2019, Miyagi et al., 2013) as well as they 
adapt to frequent defoliation or are not preferred 
by cattle (Leege et al., 1981, Davies and Snaydon 

1973, Hejcman et al., 2014).

From this study, it is indicated that orchardgrass 
is more persistent than other plant species in 
locations with high exchangeable Al under cutting 
conditions, whereas such trend is not seen under 
grazing conditions. To clarify the mechanism 
that causes the difference between cutting and 
grazing conditions, further research works need 
to focus on the effect of grazing cattle on chemical 
properties of strongly acidic soil and growth of 
orchardgrass, and the competition among pasture 
plant species with different acid-tolerance.
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Abstract
Shrubs often produce positive effects on understory soil seed bank (SSB) characteristics. However, the 
effect of shrubs on SSB could be variable in different habitats depending on the climate and the type of 
shrub. In this study, the effect of Crataegus pseudomelanicarpa (humid areas, northern Iran), Onobrychis 
cornuta, Berberis integerrima and Juniperus sabina (sub alpine areas, northern Iran) and, Astragalus 
myriacanthus and Acantholimon spinosum (semi-arid areas, central Iran) on SSB characteristics was 
studied. Soil samples were collected under the canopy of shrubs and the control (out of canopies) from 
0-5 cm and 5-10 cm depths by auger and seed germination was monitored in the greenhouse. The results 
showed that generally all shrub species in different climates had a significant positive influence on SSB 
density and diversity in all climates. In comparison between subalpine shrubs, density of the SSB was 
lowest under J. sabina and highest in the control area, but did not differ between B. integerrima and 
O. cornuta. In comparison between semi-arid shrubs, the mean density of SSBs under A. myriacanthus 
(904 seeds/m2) was significantly higher than that of A. spinosum (361 seeds/m2). This study revealed 
that the extent to which vegetation affected SSB characteristics depends on the presence and species of 
shrubs in the area.

Introduction
The soil seed bank (SSB) is one of the most 
important functional parts of each plant community, 
which by storing seeds in the soil, maintains the 
populations of each plant community in case of 
natural or human degradation (Thompson 2000). 
The SSB is a memory that stores the changes in 
each region, reflecting the history of management, 
and may play an important role in the succession 
of plant communities, protecting them, and 
conserving genetic diversity (Thompson 2000) 
.The relationship between plants and their 
interactions within a plant community is one of 
the important factors determining the speed and 
direction of the succession process) Myster 2004.( 
The theories of plant communities are founded on 
the widespread understanding of these positive and 
negative interactions between plants, including the 
facilitating process (Bertness and Callaway, 1994). 
Facilitation is known as an important process in 
the development of the diversity and composition 

of plant communities (Hupp et al., 2017). The 
main mechanism of facilitation is improving and 
modifying environmental conditions under the 
crown cover, reducing environmental stresses, 
creating appropriate microhabitats and growth 
of other species (Erfanzadeh et al., 2014). 
Facilitating plants are called nurse plants, often 
shrubs that have a short and compact form 
(Chen et al., 2017). Nurse plants often improve 
the tough, stressful environmental conditions 
in a way that increases the diversity of species 
(Falster et al., 2018). It is well known that in the 
microclimatic facilitation, nurse plants balance the 
humidity, light, and temperature, improve organic 
and mineral materials, and increase the available 
resources under the plant and fertility under their 
crown cover; thereby, other plants grow and settle 
under their canopies (Filazzola and Lortie 2014). 
In facilitation processes, shrubs as nurse plants 
protect herbaceous plants under their canopies 

mailto:Rezaerfanzadeh@modares.ac.ir
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against grazing, weaken some environmental 
factors such as direct sunlight, trap sediments 
and provide shade and shelter against the wind 
and subsequently change the SSB characteristics 
depending on the shrub species and the climate 
condition (Anthelme et al., 2017). In this study, 
the effects of different shrub species on SSB 
charactersitics were studied in different climates 
in Iran. We hypothesised that the effect of shrubs 
on SSB is positive, enhancing SSB density and 
richness. 

Materials and methods 
Three different locations were selected in different 
parts of Iran. In each location, the dominant shrub 
species were selected for the study:

1) Northern Iran with a humid condition in 
which Crataegus pseudomelanicarpa M. 
Pop. ex A. Pojark (Rosaceae family) was 
the dominant tree in the ecotone between 
forest and grassland. Fifteen individuals 
of C. pseudomelanicarpa were randomly 
selected in grazed and ungrazed areas (10 
in grazed and 5 in ungrazed areas).

2) Northern Iran with subalpine conditions 
in which three shrub species were 
considered. I) Berberis integerrima Bunge 
(family Berberidaceae), also known as 
common barberry, is an upright deciduous 
shrub with an average 1.8 m tall in the study 
area. The canopy structure is open with 
thorny branches. II) Juniperus sabina L. 
(family Cupressaceae), commonly known 
as savin juniper, is a shrubby evergreen 
dwarf conifer that is native to mountain 
areas. It is usually seen as a wide-spreading 
shrub to an average of 90 cm tall in the 
study area. The canopy structure is low 
stature and procumbent with uncompact 
form. III) Onobrychis cornuta (L.) Desv. 
(family Fabaceae), commonly known 
as Holy clover, perennial, deciduous, 
branched spiny shrub, forming cushions 
or tufts, up to 60 cm in height in the study 
area. The canopy structure is low stature 
with dense compact form. We selected ten 

sites as ten replications in which all three 
different species were found closed to 
each other in each site.

3) Central Iran with dry and semi-dry 
conditions in which two different shrub 
spcies were selectes. I) Astragalus 
myriacanthus is a perennial plant, 
shrubby, cushion, branched, non-palatable 
and prickly, with a height of 30-80 cm 
and a crown diameter of 50-100 cm, 
covered with white fuzz and belongs to 
the Fabaceae family. This species has a 
raised crown with empty spaces located 
above the ground (Mozafarian 2012). II) 
Acantholimon spinosum is a perennial 
plant, shrubby, cushion, non-palatable 
and prickly with a height of 20-50 cm, 
belonging to the Plumbaginaceae family. 
This species basically grows in the middle 
elevations on the slopes and sometimes on 
rocks (Mozafarian 2012). We selected 10 
individuals from each shrub species. 

Soil samples were collected under the shrub 
canopy and outside the canopies from 0-5 cm and 
5-10 cm depths. Each soil sample was spread over 
3 cm of sterilized potting soil and sand (1:1) in 
free draining plastic trays of 25 cm × 35 cm in the 
greenhouse. All trays were kept under natural light 
and temperature conditions and moist by artificial 
watering (Niknam et al., 2018). Germinated 
seedlings were identified, counted and removed 
once they reached an identifiable stage during 
greenhouse study (details in Erfanzadeh et al., 
2014).  

Results
C. pseudomelanicarpa had a significant effect on 
soil seed bank density and richness (Table 1). The 
SSB density significantly varied between under-
canopy and outside with highest number under 
canopy and between grazed and ungrazed areas 
with highest number in ungrazed area. In addition, 
the effect of shrub-grazing interaction on SSB 
density was significant (Table 1). Species richness 
of SSB was significantly different between the two 
depths and between grazed and ungrazed areas.
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Table 1: The effects of C. pseudomelanicarpa canopy together with grazing and depth on soil seed bank 
density and richness in humid Northern Iran. 

Source Log10 Seed density

(seeds per m2)
Richness

Sig. F df Sig. F df
Grazing 0.00 21.35 1 0.00 34.32 1
C. pseudomelanicarpa 
canopy 0.01 3.49 1 0.18 1.82 1

Depth 0.00 43.99 1 0.00 73.31 1
Grazing × C. pseudomelani-
carpa canopy 0.00 14.46 1 0.00 25.17 1

Grazing × Depth 0.79 0.06 1 0.83 0.04 1
C. pseudomelanicarpa 
canopy × Depth 9.38 0.01 1 0.49 0.47 1

Grazing × Patch × Depth 0.38 0.76 1 0.69 0.15 1
In subalpine northern Iran, the results showed that 
SSB density in the upper soil layer (0-5 cm) was 
lowest under J. sabina (2,507 seeds per m2) and 
highest under the two other woody species In the 
lower soil layer, seed bank density was highest 
under B. integerrima (2823 seeds per m2) and 
lowest under the other two shrubs patches (Fig. 1 
and Table 2). The SSB richness showed significant 

differences in lower soil layer with highest in B. 
integerrima with no significant differences in 
under-shrubs in the upper soil layer.

Table 2: The results of the effect of three shrubs 
and depth on soil seed bank density and richness 
(One-way ANOVA) in subalpine northern Iran. 
The shrubs are Berberis integerrima, Juniperus 
sabina and Onobrychis cornuta together with the 
control.

Soil seed bank parameters Depth Df F p-value

Density

0-5 cm 3 3.822 0.02
5-10 cm 3 1.805 0.16

Richness

0-5 cm 3 0.897 0.46
5-10 cm 3 3.479 0.03

Figure 1: Average of soil seed bank density (±SE) 
under the three shrub species, subalpine northern 
Iran. Small successive letters indicate significant 
differences between two depths (0–5 cm and 5–10 
cm) per shrub and capital letters indicate significant 
differences between shrubs (0–5 cm, 5–10 cm and 
0-10 cm) per depth 

In dry central Iran, the results showed that the main 
effects of the shrub on SSB density was significant. 
Differences in the type of shrub plant species led 
to a difference in SSB density so that the mean 
density of SSBs in A. myriacanthus (871 seeds/m2) 
was significantly higher than that of A. spinosum 
(367 seeds/m2). In addition, the results showed 
that the main effect of shrub on SSB richness was 

Figure 1: Position of soil water dynamics measurement stations (black points), Well (red point) and automatic 
meteorological station (green point)
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significant. The results showed that the differences 
in the type of shrub species did not affect the mean 
SSB richness and, the mean richness of SSB under 
A. myriacanthus (1.03) was similar to that of A. 
spinosum (1.19). 

Discussion
Generally, shrubs in a background of herbaceous 
species increased SSB density and richness in 
this study and the previous studies (e.g. Niknam 
et al., 2017). These shrubs accumulated large 
and diverse SSBs beneath their canopy, leading 
to enhance seed density and richness in soil. This 
accumulation is due to a very high amount of seed 
input by seed trapping and producing within patch. 
Indeed, woody patches has a capability in trapping 
of seeds from surrounding area and increasing seed 
production by plant species growing within patches 
(Braz et al., 2014; Tessema et al., 2017). Seeds, 
transported by wind and water, could be trapped in 
soil surface beneath shrubby patches and penetrate 
into soil (Bullock and May 2004).  In addition, 
suitable conditions beneath the patches facilitate 
colonization and growing of herbaceous species 
and increase seed production by these species. 
However, our results showed that the increasing of 
SSB density and richness were not occurred beneath 
all shrubs. For instance, among the three shrubs 
in subalpine areas, B. integerrima increased SSB 
density and richness in 5-10 cm depth compared 

with bare surrounding area. While O. cornuta and 
J. sabina had no significant effect and decreased 
significantly SSB density, respectively. We believe 
that the erect and open canopy in B. integerrima 
could give an opportunity to herbaceous species 
for growing and producing seeds in the empty 
spaces within the patches. Conversely, the canopy 
of O. cornuta is very dense, compact and clinging 
to the ground. Therefore, it might be very hard to 
enter transported seeds (by wind and water) into 
the woody canopy. Moreover, herbaceous species 
need empty gaps to germinate, vegetative growth 
and seed producing, while these gaps are absent 
within the canopy. As a results, seed density and 
richness beneath O. cornuta could become equal 
or even less than outside the patches.

This study revealed that the extent to which 
vegetation affected SSB parameters was not only 
depend on the presence of shrubs, but also on the 
type of shrub species in the grasslands and the 
type of climate. Particularly, changes in the type of 
shrub species can significantly vary the proportion 
of SSB density in the natural grasslands that 
should be considered in conservation projects in 
the degraded areas.
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Abstract
Small ruminant livestock systems in northeast Portugal are an extensive activity based on daily grazing 
paths across the landscape. The flocks use multiple patches of multiple land cover types in different ways 
throughout the year. Shepherd and flock interactions determine the resting and feeding spots utilized by 
sheep and goats according to the biotic and abiotic conditions. Information about the herding home range 
is central to managing the land use and vegetation cover and optimizing sheep and goats’ productivity in 
traditional systems. This study’s main objective is to contribute to calibrate a shepherding GPS protocol 
to monitor sheep flocks based on fieldwork in Vimieiro (Mirandela) on a protected area of the European 
Natura 2000 network. We answer two farmers’ and breeders’ requests for using GPS collars to monitor 
the landscape usage by sheep: (1) How closely do collared sheep remain within the flock? (2) How 
do the collars perform on different logging frequencies to estimate patch occupancy? We analyzed the 
grazing paths based on three collars’ 5-minute GPS positions from winter to summer solstices. We 
investigated the differences in extent, duration, and frequency data of each collar throughout the season 
change based on spatial regressions. Results show no significant differences among the three collars 
ranges. It also indicates that positions collected every 15 and 30 minutes could be adequate. It means that 
a flock monitoring low cost can be generalized, providing accurate information to manage the pastoral 
territory and increase the small ruminant’s productivity.

Introduction
Sheep and goat traditional breeds have throughout 
the centuries provided rural populations with 
crucial protein levels using local natural resources 
(FAO 2020). It is particularly true in the mountains 
regions where they adapted to diverse climates and 
landscapes. The mountains of Portugal northeast 
have five ancient breeds of sheep and three of 
goats that provide essential productive, economic, 
cultural, social, and environmental functions 
in a rural landscape of eleven thousand square 
kilometers (Castro 2016). The livestock system 
has been resilient to the last half-century’ critical 
rural socio-economic changes where there have 
been a decline in the rural population and services, 
then lower prices in the EU extended market, 
partially due to EU common agricultural policy 
(CAP). CAP subsidies do compensate for some 
economic losses, especially for threatened breeds 
(Franco et al., 2012). However, these traditional 
livestock industries are under risk. Other functions 
and ecosystem services provided by the sheep 
and goat flocks do need to be better understood 

to help manage those services and ensure they are 
adequately renumerated. 

Over centuries, the small ruminant systems of 
northeast Portugal evolved, utilising assorted 
farming remnants that made them resilient to 
changes throughout time. Local traditional 
breeds of sheep and goats fit their productive 
niche constrained by the landscape and the main 
crops: cereals and cattle. Typically, the shepherds 
drive flocks of no more than two hundred head 
around five kilometers of the parish landscape to 
take advantage of a combination of agriculture 
by-products and natural vegetation: fallow 
and agroforestry patches, vegetable leftovers, 
orchard prunes, woods, and shrublands. Despite 
their bordering productive role, the shepherding 
practices supply important ecosystem services: 
regulation services such as fire risk control; 
cultural services such as landscape heritage 
benefits; and supporting services such as nutrient 
cycling (Marsoner et al., 2018, Castro et al., 
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2020). These ecosystem services are essential 
to face climate change threats as recognized 
by researchers and administration authorities. 
However, these services are ecosystem-based, and 
their remuneration requires sheep and goats’ heads 
accounting and the ecosystem usage registration.

The research team has been recording and 
analyzing the local shepherding routes for more 
than thirty years (Castro et al., 2004, Castro 
et al., 2009, Castro et al., 2010). They studied 
differences between sheep and goats’ routes, plant 
and patches preferences, winter and summer diets, 
understory and fire risk reduction, grazing and 
browsing pressure, and vegetation regrows and 
changes. Recent research has evaluated fire-risk, 
and greenhouse gas reduction related to sheep and 
goats’ trampling and feeding in each ecosystem. 
Twenty years ago, shepherding routes became 
recorded by GPS systems, and in 2007, our team 
started using GPS-equipped collars, firstly with 
memory recording unit, nowadays with GSM 
and satellite data transmission. The collars data 
proved effective in recording the shepherding and 
ecosystem disturbance. Based on these results, the 
team is now developing a technological solution 
to record ecosystem usage by the flocks of sheep 
and goats and integrate it with the CAP Portuguese 
map services. This solution has to combine low 
cost and friendly-use equipment for shepherds 
with precise data and good time transmission for 
administration. Readability and cost-effectiveness 
are crucial to success (Maroto-Molina et al., 
2019, McGranahan et al., 2018). Therefore, now 
we evaluated the recording precision – flocks 
positional maps – against the recording effort – 
equipment and data transmission costs –. This 
work’s objective was to determine how many 
collars per flock and what positional data time-
interval we need without losing shepherding 
recording precision. 

Materials and methods

We selected a representative flock of north-
eastern Portugal’s small ruminant systems: a 
shepherd plus one hundred thirty sheep of local 
breed Churra Galega that manage the Vimieiro 
landscape, a small village, in north-eastern 
Portugal (41°32’N, 7°02’W, 500 m.a.s.l.). The 
climate is Mediterranean, the mean annual 
temperature 14°C, and the annual rainfall 520 mm, 
mainly from October until May (IPMA 2020). 
Prevailing soil types are nutrient-poor, slightly 
acidic leptosols and cambisols of granite or schist 

origin. The flock’s daily routes never go more than 
two kilometers from the shed, covering around 500 
hectares of olive groves (35%), oak forests (32%), 
cereals (22%), shrublands (11%), and pinewoods 
(2%). The oak species consist of Quercus faginea, 
Q. suber and Q. rotundifolia, and shrubs species 
are Cytisus scoparius, C. multiflorus, Lavandula 
stoechas, Crataegus monoginea, and Cistus 
ladanifer. This territory is part of the Romeu site 
integrating the European Natura 2000 network (PT 
CON0043), established by the excellent conserved 
woods of Quercus suber and Juniperus oxycedrus.

Flock monitoring occurred from December 2020 
solstice to June 2021 solstice to cover all seasonal 
winter to summer variation in sheep diets and 
vegetation development. We followed the flock 
with three sets of DOMODIS IP67 GPS receivers 
and transmitters mounted on collars, housed in 
115 x 65 x 40 mm plastic containers together with 
a DMS-Bat PLUS lithium. Each collar weighed 
750 g, and the three selected sheep accepted them 
without any obvious irritation. We recharged 
and changed all batteries monthly to record 
and transmit the three GPS positions every five 
minutes, enough to trace a spatial grazing pattern 
of reference. Positional data includes Gauss-
Krüger coordinates of latitude and longitude, date, 
time, and battery status, transmitted to, stored and 
uploaded from the DOMODIS web platform.

We split and regrouped the original reference 
dataset into 20 different sub-datasets, considering 
just one, two, or the three collars, taking all 
records, or selecting only 15-minute and 30-minute 
intervals as minimum positioning recording. We 
create a positioning density map for each sub-
dataset in a geographical information system 
with the Heatmap QGIS plugin. They consist of 
quantitative raster layers by assessing the flock 
positional records neighborhood around each 
cell’s center based on a user’s search radius. The 
search ratio utilized was equal to the maximum 
distance between two positional records for each 
sub-dataset that permits the expression of the 
widest range of grazing densities. Finally, we used 
the r.covar GRASS module to estimate each sub-
dataset positioning density map’s correlation (r) 
with the reference’s pattern map (all collars + all 
positional records). 

Results
Positioning patterns and similarity

For 186 days, the collars transmitted 35509 
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positional records in total (reference dataset), 
13811 at 15-minute intervals, and 9613 at 
30-minute intervals: collar C1 registered 10170 
positions in total, collar C2 11414 positions, and 
collar C3 13925 positions. The variations among 
collars’ was due to battery performances. Figure 
1 shows four of the flock’s positioning resulting 

patterns across the study site. The maximum and 
minimum gray symbols were standardized to 
compare the results from a variable number of 
points and searching radius. It reveals a recurrent 
pattern on landscape patches utilized by the flock 
that is more accurate for 5-minute sub-datasets and 
3-collar sub-datasets.

Figure 1: Raster layers of positioning patterns: collars C1 and C3 each 5 minutes sub-dataset (A), collar 
C1 each 30 minutes sub-dataset (B), collar C3 each 5 minutes sub-dataset (C), and collars C1,C2 and 
C3 each 5 minutes - reference dataset (D).

Costs and accuracy evaluation

Figure 2 displays the decay in the similarity of each 
sub-dataset positioning pattern to the reference one 
and the associated costs per year for each recording 
options. The correlation r ranges from 0.99 (sub-
dataset C1+C3 and C2+C3, 5-minute intervals, see 
Figure 1-A) and 0.65 (sub-dataset C1, 30-minute 
intervals, see Figure 1-B). The costs include 
equipment purchase price (€200/collar) and the 
web platform services agreement (€72/5-minute, 
€55/15-minute, and €38/30-minute) based on 
DOMODIS rates and considering a five-year 
collar usage. The recording options’ yearly costs 
range from €336 (3collars/5-minute intervals) to 
€78 (1 collar/30-minute intervals). The similarity 
with the reference dataset quickly drops when we 
extend the recording interval and not so quickly 

if we reduce the number of utilized collars. Also, 
the similarity of positioning patterns with the C2 
collar tends to be lower, and those participating by 
the C3 collar tend to be higher.

Discussion and Conclusion
Our results indicate that increasing registering 
intervals and decreasing collars number involve 
a decline in the flock positioning accuracy as 
expected. It means that flock displacement on 
the terrain requires a positioning refinement. 
According to the similarity declining, increasing 
registering intervals affects the positioning 
accuracy more than reducing the number of 
flock’s collars. Nevertheless, the three collars 
reveal a differential behavior, and C1 and C2 
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performed worse than C3. Along with records 
amount, two main reasons could contribute to 
that: differences in equipment (components, 
battery life, manufacture) and differences in the 
animal character within the flock; further research 
needs to investigate both. After that, if we reduce 
registering and transmission intervals and rates, 
we could increase the shepherding assessment 
feasibility to develop, implement, and generalize 
a universal assessment procedure.

Shepherding practices provide important 
ecosystem services, and their cost requires 
reliability. Our study strengthens the GPS and 

similar’ systems function to evaluate landscape 
usage by shepherding in north-eastern Portugal 
accurately. It clarifies how the number of collars 
and the registration rates affects the system 
performance. According to our results, we can 
register the shepherding routes satisfactorily with 
just one collar if we get short positioning intervals. 
This means that we can reduce equipment costs 
significantly. So, the next step is to reduce 
the operating costs associated with the data 
transmission services. It demands renegotiating the 
web platform services agreement or researching 
alternative data transmission and logging systems 
to decrease costs in the future.

Figure 2: Correlated values of reference dataset with sub-datasets (dashed lines) and operating costs 
associated (columns).
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Abstract
“Rangelands in most parts of the world are relatively homogenous and can be managed uniformly at 
the landscape scale” or “rangelands are extremely diverse and require different approaches even at the 
landscape scale.” Both statements are made frequently by rangelands scientists and managers. Both are 
correct. Whether or not it is worthwhile to consider soil variability when planning management and 
restoration at the landscape scale depends on objectives, location, and the management or restoration 
strategies under consideration. Together these factors determine whether outcomes are likely to 
be different at different locations in the landscape, and whether those outcomes can be significantly 
improved by varying management across the landscape. In this paper we present simple guidelines 
for deciding whether soil variability should be taken into account when planning management and 
restoration projects.  We conclude by providing a few suggestions on how to decide whether existing 
soil maps are adequate where soil information is required, and suggestions for how to quickly field-
check soil map accuracy. 

Introduction
Some rangelands are relatively homogenous. 
There are also some management systems and 
restoration practices that can be successfully 
applied uniformly across diverse landscapes and 
regions. In an ideal world every scientist could 
claim global relevance for their research results, 
and every purveyor of a silver bullet solution to 
increasing productivity on degraded rangelands 
could honestly sell a “one simple trick” package 
throughout the world.

Most rangeland and other natural resource 
scientists and managers recognize that this world 
does not exist – that variability in soils, topography, 
climate and topography interact to create mosaics 
of different potential responses. Sometimes these 
differences are significant across distances as short 
as tens of meters. But the pressures of publishing 

or making a living from consulting, together 
with time limitations, often lead us to overlook 
critical differences in land potential – differences 
that determine whether a grazing system or brush 
control method will increase production and 
limit soil erosion, have no impact, or even result 
in greater degradation. For example, we recently 
found that two widely-applied brush control 
techniques actually increased wind erosion to 11-
58 times the rates measured in adjacent controls on 
the same soils over a two-year period (Karban et al., 
In Review). Two other recent studies found that the 
effectiveness of small (1 m) structures in limiting 
erosion (Rachal et al., 2015) and promoting grass 
establishment (Peters et al.,  2020) varied widely 
across three soils all located in a single basin in 
New Mexico, USA. Conversely, in relatively flat 
landscapes with uniform soils and no significant 
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rainfall or temperature gradients, responses to 
management and restoration treatments can remain 
consistent across thousands of square kilometers. 
Furthermore, there are some management 
principles, such as destocking early in drought, 
that nearly always apply nearly everywhere. Even 
this principle, however, may have exceptions, such 
as when overgrazing during drought contributes to 
a desired state change.

The objective of this paper is to present some 
simple guidelines for deciding when soil and 
topographic variability, in particular, do and do not 
need to be considered when planning rangeland 
management and restoration. As a contribution to 
the proceedings of a conference, we hope that this 
paper will stimulate further discussion, and would 
welcome feedback as we continue to refine these 
simple guidelines into a broader framework and 
decision support tools for accessing and applying 
soil information.  

Methods 
The guidelines described below were developed 
over the course of more than two decades of 

research, leading rangeland health assessment and 
monitoring workshops, and developing monitoring 
and ecological site systems in the United States 
and throughout the world. Several landscapes and 
regions were particularly helpful in highlighting 
the incredible variability in the importance 
of soil and topographic variability. First and 
foremost is the Jornada Experimental Range and 
the contiguous Chihuahuan Desert Rangeland 
Research Center, located just north of the US-
Mexican border (Figure 1). They include within 
their borders relatively large areas of uniformly 
sandy soils as well as alluvial fans covered by soils 
that vary widely in both texture and parent material 
over distances of tens to hundreds of meters. It 
also includes areas where wind-deposited sand 
overlies finer-textured sediments at depths of just 
a few centimeters to tens of meters. Time, too, has 
played a factor, as it partially determines the depth 
and level of development of calcic and petrocalcic 
layers that can both restrict root growth, and 
modify soil water holding capacity, contributing 
to vastly different patterns of shrub establishment 
and production in former grasslands (Browning et 
al., 2012). 

Figure 1: Google Earth image of an approximately 700 km2 area in southern New Mexico, USA 
including a relatively uniform area of sandy soils in the upper left that has responded to management   
and a complex mosaic throughout the rest of the image.

Other areas of particular note in the US include 
the Colorado Plateau, the Basin and Range and the 
Snake River Plain. Internationally, vast rangelands 
in Mongolia where response to grazing impacts are 
relatively consistent across large areas contrast with 
the Laikipia region of Kenya, where an incredible 
diversity of soils and topography contributes to a 

complex mosaic of both potential vegetation and 
response to both grazing and restoration practices. 

Results
Based on our work in these and other landscapes, 
we suggest the benefit of considering soil variability 
when planning rangeland management and 
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restoration can be determined by systematically 
and iteratively addressing five questions. We 
emphasize the importance of iteratively addressing 
the first four questions in order to confidently 
answer the fifth: an early, and brief, review of all 
of the questions often highlights where additional 
information and analysis is required. Bayesian 
Network models can be used to structure this 
process, providing a rigorous statistical framework 
for prioritizing information that will provide the 
highest return on the investment required to obtain 
the information (Whitney et al., 2018).

1. Is there significant soil variability?

Is there significant variability in topography and 
the soil properties that are likely to influence 
the response of the land to a treatment? The 
relative importance of different properties varies 
globally, but there are a few that are nearly always 
important, including slope, landscape position, 
texture at different depths, and fertility. Slope and 
landscape position are often determined using 
digital elevation models or DEM’s. While these 
can be useful, relatively fine-scale changes in slop 
and slope shape may not be detected. We suggest 
walking the land, where possible, or at least taking 
a virtual walk across the land with satellite imagery 
to see if there appear to be sharp breaks that are not 
reflected in the DEM.

For soil texture, review both traditional soil 
maps, such as the global Harmonized World Soil 
Database, and new digital soil maps, such as 
SoilGrids and, in Africa, the new ISDA soil map. 
The two types of maps are used differently. For the 
traditional soil maps, compare the different types 
of soils that are included in a map unit. How many 
are there? How different are they? A difference 
of one texture class at one depth is unlikely to 
influence most outcomes, but a two-texture class 
difference at multiple depths can result in more 
than a two-fold difference in the soil’s plant-
available water holding capacity. With the digital 
soil maps, simply look at the pattern of predicted 
texture classes within the area. 

Differences in fertility are more difficult to discern 
because they are much more dynamic. Nitrogen, 
in particular, declines rapidly under most forms 
of soil degradation. Basic differences, and 
particularly those (like phosphorous availability) 
that are related to pH can often be predicted based 
on the soil classification (taxonomy) included in 
traditional soil maps. Soil pH and nutrient content 
is also predicted by the digital soil maps.

It is critically important to remember that both 
types of soil maps are simply predictions, and that 
the accuracy and precision of these predictions 
varies widely across the world, and even within 
a region. Unusual soils are often not reflected in 
either type of soil map. As for topography, its 
best to walk the landscape, ideally with a good 
shovel (Herrick et al., 2008) and an app, such as 
LandPKS, that provides direct access to soil map 
information.

2. Is ignoring the variability likely to increase 
degradation in some part of the landscape?

This is the most important question of all, and the 
one that is most often ignored. When planning 
management and restoration, our inclination 
is to think big. We tend to think broadly of the 
landscape, and focus on the dominant landform. 
One of the most obvious examples of the failure of 
this approach is overgrazing of riparian zones in a 
large pasture as livestock tend to concentrate on the 
higher quality forage, and access to water, near the 
stream. Less obvious, however, are smaller areas 
of shallow, highly erodible soils. These often occur 
on and near ridges where livestock concentrate 
to avoid ticks and flies. Because the soils are 
shallow, they may not support the same vegetation 
as the rest of the landscape, so vegetation removal 
treatments followed by seeding may not only fail, 
but increase short- and long-term soil erosion. 

3. Would considering soil variability 
significantly improve the management or 
restoration outcome?

The goal of increasing net benefits is perhaps 
the most obvious, and often the most difficult. 
To efficiently address this question, pick the one 
soil type or part of the treatment area that you 
believe is most likely to respond differently, and 
determine if that difference is significant, then 
look at the next area. If after the first few you have 
concluded that there is unlikely to be a benefit to 
adjusting management based on soil variability, 
there is likely no need to spend time completing 
the analysis for the remaining soils.

4. Does this variability occur at a scale at which 
the management or restoration action can be 
modified?

A perceived inability to manage for soil variability 
is the most common excuse for not considering 
it. And yet tools and strategies for adjusting 
management, and especially restoration, at even 
sub-hectare scales are becoming increasingly 

http://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/harmonized-world-soil-database-v12/en/
http://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/harmonized-world-soil-database-v12/en/
https://soilgrids.org/
https://www.isda-africa.com/isdasoil/
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available. These include GPS collars for livestock, 
drones to systems that deliver herbicide to 
individual shrubs. Traditional pastoralists can 
provide even more effective control over livestock 
distribution, and manual brush control methods are 
inherently suited for managing variability while 
minimizing soil surface disturbance on highly 
erodible soils.

5. Is there a positive return on investment in 
mapping and managing for soil variability?

This final, question depends on the responses 
to the first four, and on the costs of creating and 
implementing a spatially explicit plan. Here again, 
rough and accurate estimates are more valuable 
than precise costs for specific activities. The book 
“Consider a Spherical Cow” (Harte 1988) provides 
useful, light-hearted guidance that is not (despite 
the title) bovine-specific. A more sophisticated 
approach is to use “value of information analysis”, 
a technique used in decision science (Howard, 
2015). This analysis would determine whether 
the benefits of additional soil information would 
outweigh the costs of obtaining it. Soil information 
is likely to have high value when there is large 
uncertainty in soil attributes that are likely to 
impact outcomes. Where there is large uncertainty, 
any source of information that helps to narrow 
uncertainty will have high value (Luedeling and 
Shepherd, 2016).

Discussion
The questions listed above appear straight forward 
and seemed almost painfully obvious while writing 
this paper. Answering them is clearly much more 
complex. But our conclusion is that the most 
important recommendation is that the questions at 
least be explicitly and systematically considered 
before initiating a management or restoration 

action.

Each of these guidelines can, of course, be 
expanded almost infinitely. The process for 
applying them could also be quite quantitative and 
complex with the use of geospatial analysis tools 
informed by remote sensing and field observations 
and measurements. However, we suggest 
that even a cursory, qualitative consideration 
of the guidelines can save considerable time 
unnecessarily spent acquiring and analyzing soil 
information or, conversely, flag the importance of 
“digging deeper” before committing resources to 
a new project. 

The rationale behind the approach described 
here is similar to, and draws from, those applied 
by Stringham et al., 2016 ) to the development 
of “Disturbance Response Groups”, and by 
Bestelmeyer et al., 2016 to “Ecological Site 
Groups”. These groups can be used as a starting 
point for determining if additional analysis is 
required. For example, if (a) all of the soils 
mapped or observed in an area have been assigned 
to the same Group, and (b) the management 
system or restoration treatment and their effects 
on key processes were considered (implicitly or 
explicitly) in the development of the Group.
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Abstract
Magallanes region, located southern Chile, contains about 1.9 million sheep heads, in about 5 million 
ha of rangelands. However, forage production is concentrated in small wetlands meadows called locally 
“Vegas” that only represent about 300,000 ha. Those ecosystems that sustain patagonian ranches, 
produce 20 times more forage biomass than the surrounding natural rangelands. Patagonian vegas have 
concave topography with a hydrophyte (wet) center, and mesic slopes and xeric highlands of Festuca 
gracillima. Although the moisture content is controled by topography, there is scarce information about 
the movement of water through this concave topography. Also, the spatial variability of the soil between 
the Xeric to the Hydrophyte parts must be taking in account. It is essential to evaluate the movement 
of water inside the soil, to define agronomic managements to promote the storage and conduction of 
water. The study was conducted in a watershed dominated by vegas at the Kampenaike Experimental 
Station in Magallanes region, in Chilean Patagonia (-52,7° Lat.; -70.97° Long).  Soil was monitored 
by instruments in five pits, two at East and West of Xeric side; two at East and West of mesic side; and 
the last at the middle of the vega. Soil moisture sensors (n = 2) and water tension (n = 1) were placed 
in three soil horizons (5, 30 and 80 cm deep). A weather station was set up in the middle of the vega. 
Differences in the physical properties that govern the storage and conduction of water between all the 
sectors were founded. The differences were due to the great spatial variability of the type of soil, because 
the topography and the genesis. 

Introduction
The southern Patagonia of Chile comprises 
the Magallanes region, which is located in the 
southwestern part of the continent from 48°36’ to 
56°30’ south latitude and between meridians 66°25’ 
and 75°40’ west longitude (CIREN, 2010). One of 
the most important economic sector is livestock 
production, which is supported exclusively by 
rangeland grazing. The sheep production would 
not be possible without the wetlands meadows 
or “vegas”. Vegas are capable of producing up 

to 20-30 times more forage biomass than the 
neighboring arid and semiarid places dominated 
by rangelands (Irisarri et al., 2012). Irisarri Vegas 
area represent 7% of the rangelands (SAG, 2004a, 
SAG, 2004b, SAG, 2004c). These ecosystems are 
defined as a hygrophytic azonal community of 
herbaceous tussock grasses, which vary according 
to the availability of water and salinity of the 
area. They are developed in depressions of flat-
concave relief that cover large pieces of land with 
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an impervious subsoil layer under a permanent 
or temporary hydromorphic condition (Bran et 
al., 1998; Valle et al., 2015). Sáez (1994) define 
“vegas” as sectors that have a temporary or 
permanent accumulation of water throughout the 
year. This condition is due to a discontinuity of 
their soil horizons in the profile, causing an erratic 
water movement through the pores, producing 
temporary or permanent waterlogging. All these 
definitions point out a special and unique water 
dynamic in the Patagonian landscape. This 
particular characteristic to accumulate and conduct 
water becomes even more relevant, when is 
considered that they are in a geographical position 
characterized by arid and semi-arid climates 
(Ciari, 2009). Low rainfall levels that varies from 
west to east from 1000 mm annually (Schneider 
et al., 2003) to 233 mm (Pérez et al., 1993), even 
with 150 mm in the northeast area (Collantes and 
Faggi 1999). Vegas also provide a large amount 
of ecosystem services, such as biogeochemical 
and water regulation, habitat and food source for 
native fauna and migratory birds (Collantes et 
al., 2009) and a significant source of soil organic 
carbon (Blanco and de la Balze et al., 2004).

As wetlands are undergoing constant degradation 
due to overgrazing (Perotti et al., 2005), further 
studies are becoming essential, to assure they 
continue providing fresh water and forage for 
animal production.

This paper aims to analyze the parameters that 
make up the water balance of a micro-watershed 
composed of wetlands and rangelands. Also, 
analyze the relationship between the water 
dynamics between the saturated and unsaturated 
zone of vegas, in order to provide a starting point 
for further understand the Patagonian wetlands 
dynamic.

Methods and Study Site
The study was carried out at a micro-watershed 
made up of wetlands and highlands. This vega 
belong to National Research of Agriculture 
Institute (INIA) at Kampenaike experimental 
station (52° 41’28.69 “S; 71° 1’30.72” W) 
and approximately 50 meters above sea level 
(m.a.s.l), 60 km northeast of the Punta Arenas city, 
Magallanes region.

The watersged is located in a transition zone 
between the mountain range and the steppe zone. 

The predominant climate is Cold Steppe (Bsk). 
The average annual rainfall fluctuates between 
400-300 mm/yr and the vegetation is conformed 
by communities of Chilotrichium diffusum-
Festuca gracillima.

In order to determinate the soil water dynamic, 
sensors of temperature, volumetric water content 
and electric conductivity were located at 5, 30, 80 
cm depth in every measurement point (C1, C3, C4, 
C5 and C7 (Figure 1). In each depth were used two 
(n=2) sensors. At the same depth were stablished 
the soil water potential sensor. In the first horizon 
(5 cm) were stablished two sensors (n=2) and in 
the other two horizons only one (n=1). All the 
sensors measured every 5 minutes and storage 
the information in the datalogger (Em50 Decagon 
Devices). In addition, a well was built to measure 
groundwater level, in the saturated zone. Finally, 
an automatic meteorological station (AWS) was 
installed to monitoring climatic variables.The 
evapotranspiration (ETo) was calculated with the 
FAO Penman-Monteith ecuation (Allen et al., 
2006), using the data from the weather station. 
Data are presented since June 2019 to June 2020.

 
Results
At 5 cm, an increase in the volumetric content 
of water was observed, at precipitation events at 
the five toposequential levels. These precipitation 
peaks occur throughout the year, but the water 
content responds differently to precipitation along 
this (Figure 2). C1 and C7, the higher points of 
both slopes, presented a minimum water content 
of 8.8 and 9.5%, and a maximum of 46.9% and 
49.9%, respectively.
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C1 does not become saturated during the 
monitoring and C7 saturates for two days when it 
reaches maximum water content, after a rainfall 
of 6.7 mm. C1 drained faster after heavy rains, 
reaching previously the field capacity (FC, 2.5 
pF). Both points remain close to FC since May 
to October 2019, except during the absence of 
abundant rainfalls in July. C7 dries out first and 
reaches wilting point (WP, 4.2 pF) in October, 
while C1 does so in November. C1 and C7 were 
maintained in the WP until March 2020, reaching 
high levels of stress in the soil, with stresses of 
up to 5.6 pF in C1, and 5.2 pF in C7 (Figure 3) 
with fluctuations where they reach higher levels 
of water content in the soil after rainfall > 12 
mm. However, the soil dries out quickly after 
the rains due to high evapotranspiration. In 
March, the evapotranspiration begins to descend 
and therefore the water content increases. In the 
middle part of both slopes (C3 and C5), the water 
content dynamics behaves differently. These points 
presented a maximum value of 72 and 61.4% in 
July and a minimum of 15 and 7.3% in February 
and March, respectively. C3 maintains the 
percentages of highest water content throughout 
the year, remaining close to the FC between May 
and November. This point is the last to reach the 
WP in January and reaches a maximum stress of 
4.9 pF in March. C5 on the other hand, remains 
close to FC from May to September and is the 

 

 

 
 

first point to reach the WP in October (Figure 3), 
reaching a maximum stress of 5.4 pF in the month 
of March, when evapotranspiration exceeds the 
daily rainfall. C3 does not become saturated during 
the monitoring time, while C5 remains partially 
saturated for at least four days after a 3.3 and 6.7 
mm in a row in July.

According to the water balance estimated from 
the difference between rainfall and potential 
evapotranspiration, there was a water deficit 
during nine months, the annual balance being 
-467 mm. This deficit was accentuated during 
February (Figure 4), when monthly precipitation is 
8.8 mm and evapotranspiration potential exceeds 
100 mm, due to higher wind speed, radiation and 
temperature during the summer. However, the 
balance is positive during June and July 2019 
(13.4 and 6.1 mm, respectively), and between May 
and June 2020 (38.9 and 3.9 mm, respectively), 
when ETo reaches its lowest values (Figure 4). 
In addition, it is observed that from June, when 
the balance is positive, the water table ascends 
continuously until August 2019, when it reaches 
a maximum altitude of 49.4 m.a.s.l (45 cm deep 
from the ground surface), even when the balance 
monthly water is negative. Starting this month, the 
water table begins to drop from sustained form 
until April 2020, reaching a minimum altitude of 
48.4 m.a.s.l (144 cm depth).

 

 

 

Figure 3: Variation of daily precipitation (PP) and mat-
ric potential (pF) in the soil in C1, C3, C4, C5 and C7, 
at depths 5, 30 and 80 cm since June 2019 to June 2020. 
Dotted blue line represents field capacity (FC, 2.5 pF) and 
dotted red line represents wilting point (WP, 4.2 pF).
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Conclusions
There are differences in the physical properties 
that govern the storage and conduction of water 
between all the sectors evaluated. This is due to the 
great spatial variability of the type of soil product 
of the topography and the genesis of these soils 
that in this case, was due to glaciers dynamics. 

Through the above analysis, it is concluded that the 
soil in the wetland is playing a fundamental role in 
water storage, especially in depth. In addition, the 
water table is capable of supporting the existing 
vegetation through the capillary rise of water.
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Figure 4: Water balance (June 2019 - June 2020) 
determined by the difference between the rainfall 
and potential monthly evapotranspiration (Pen-
man-Monteith), and altitude of the water table 
(NF).
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ecosystem change in Iceland 

 
 

Barrio, I.C.1; Hik, D.S.2; Mulloy, T.A.2; Thorsson, J.3; Svavarsdóttir, K.3; Marteinsdóttir, B.3; 
Jónsdóttir, I.S.4

1Agricultural University of Iceland, Árleyni 22, 112 Reykjavík, Iceland;  
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Abstract
Managing ecological systems sustainably requires a deep understanding of ecosystem structure and the 
processes driving their dynamics. Conceptual models can lead to improved management, by providing 
a framework for organizing knowledge about a system and identifying the causal agents of change. 
We developed state-and-transition models (STMs) to describe landscape changes in Iceland over three 
historical periods with different human influence, from pre-settlement to present days. Our models 
identified the set of possible states, transitions and thresholds in these ecosystems and their changes 
over time. To illustrate the use of these models for predicting and improving management interventions, 
we applied our present-day STM to a case study in the central highlands of Iceland and monitored 
ecosystem changes within an ongoing field experiment with two management interventions (grazing 
exclusion and fertilization) in areas experiencing contrasting stages of degradation. The results of the 
experiment broadly align with the predictions of the model and underscore the importance of conceptual 
frameworks for adaptive management, where the best available knowledge is used to continuously refine 
and update the models.

Introduction
Extensive land degradation and soil erosion in 
Iceland have been linked to natural processes 
associated with a harsh climate and frequent 
volcanic activity, and to human activities since 
settlement, including woodcutting and livestock 
grazing. Humans settled in Iceland in the 9th 
century, and the paleoenvironmental record 
suggests that widespread shifts in environmental 
processes occurred after that time (McGovern et 
al., 2007). Because of the relatively short history of 
human land use and the detailed documentation of 
this period, Iceland provides a unique opportunity 
to study the patterns and processes associated with 
land degradation.

In this context, conceptual models can help in 
organizing our knowledge about a system and 
offer a framework for research into the processes 
driving the system. Here, we use state-and-
transition (STMs) models as a framework to 
describe patterns of ecosystem change in Iceland. 
STMs were developed in the context of rangeland 

management to deal with discontinuities and 
irreversible transitions in vegetation dynamics in 
grazing systems. STMs have been successfully 
applied to ecosystems worldwide but less 
extensively for high-latitude rangelands. We 
use STMs at a country-wide scale for three time 
periods with different historical human influence, 
from pre-settlement to present days (Barrio et 
al., 2018). We also apply our general STM to a 
rangeland in the central highlands of Iceland 
to illustrate the potential application of these 
models at spatial scales that are relevant to land 
management.

Our models recognized the occurrence of an 
ecological threshold (Aradóttir et al., 1992), 
beyond which only direct, extensive and often 
costly management interventions are needed to 
revegetate degraded rangelands. Based on our 
current understanding of the system (Barrio et 
al., 2018; Mulloy et al., 2019), we predicted that 
management interventions like grazing exclusion 
could effectively reduce rangeland degradation 
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if implemented early, before the ecosystem 
has crossed the functional threshold. Once the 
threshold has been crossed, grazing exclusion 
alone would be too slow or ineffective for re-
establishing vegetation cover, and only more active 
interventions, including fertilization combined 
with grazing exclusion, could allow the recovery 
of vegetation.

Methods and Study Site
First, we developed STMs to describe landscape 
changes in Iceland over three historical periods 
with different human influence: before human 
settlement in the late 9th century (pre-landnám), 
until 1900s (pre-industrial period) and after 
1900s (Barrio et al., 2018). To build these models 
we recognized different states for rangelands 
in Iceland based on broad, structurally distinct 
habitat types (Ottósson et al., 2016) and we used 
a compilation of the ecological impacts of sheep 
grazing in Iceland (Marteinsdóttir et al., 2017), 
paleoecological evidence, historical records and 
expert knowledge. Our models identify the set of 
possible states, transitions and thresholds in these 
ecosystems and their changes over time.

Secondly, we applied the present-day STM to a 
case study in the central highlands of Iceland, to test 
predictions for alternative ecosystem trajectories 
within a management context using an ongoing 
field experiment. The experiment was established 
in 2016 in Auðkúluheiði (65°13’N, 19°42’W; 459 
m a.s.l.), in a region that has been traditionally 
used for summer grazing by domestic sheep. 
The experiment targeted two adjacent habitats in 

contrasting stages of degradation: a moderately 
degraded dwarf-shrub heath (>90% vegetation 
cover), and a severely degraded gravelly desert 
(<10% vegetation cover). Twelve 5x5 m plots were 
established in each habitat, and were fenced and/
or fertilized (NPK 10 g m-2 of each element; see 
more details in Mulloy et al., 2019). In each plot, 
as a proxy for the level of degradation, the percent 
cover of bare ground was visually estimated in a 
permanently marked 1x1 m subplot in summer 
2019. Bare ground estimates give indication of the 
degradation of an ecosystem. To assess the effects 
of the experimental treatments on the percent cover 
of bare ground we built Linear Models (LM), 
where the experimental treatment and habitat, 
and their interaction, were included as predictor 
variables.

Results
Development of STMs

Our models describing landscape changes in 
Iceland suggest increasing complexity in recent 
times, in the models with stronger human 
influence (Figure 1). Following human settlement 
and the introduction of livestock grazing in the 
9th century the extent of rangeland degradation 
and soil erosion rapidly escalated in some parts 
of Iceland. Human population in Iceland has 
steadily increased since the late 1890s (Haraldsson 
and Ólafsdóttir 2006). Despite the increased 
restoration and reforestation efforts since the early 
1900s and a considerable reduction in the number 
of sheep since the historical maximum in the late 
1970s, many Icelandic rangelands remain in poor 
condition.

Figure 1: Simplified state-and-transition models (STMs) for three time periods in Iceland with contrasting 
human influence: a) before human settlement (landnám) in the 9th century transitions between ecosystem 
states were mostly driven by climate (Little Ice Age) and catastrophic events (volcanic eruptions). b) 
Between settlement and 1900s many changes occurred in Icelandic landscapes. Human settlers brought 
with them livestock; clearcutting, peat extraction, and haymaking were frequent in the lowlands. In the 
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19th century fertilizers and import of winter feed for sheep allowed rapid increase in sheep numbers. c) 
After 1900s sheep numbers were still on the rise until the late 1970s, but restoration and revegetation 
efforts became more common. Adapted from Barrio et al (2018).
Testing the model in the field

The field experiment was designed to assess the 
responses of two habitats in contrasting stages of 
degradation (a moderately degraded dwarf shrub 
heath, and a collapsed gravelly desert that had 
crossed the ecological threshold defined in our 
general model, coarsely estimated to be around 
35% of bare ground; Barrio et al 2018) to different 
management practices: grazing exclusion and 
fertilization, or their combination (Figure 2a). The 
experimental treatments affected the amount of 
bare ground in gravelly desert (F=16.35, p<0.001) 
but not in the dwarf-shrub heath (F=1.47, p=0.295). 

In the gravelly desert, the amount of exposed bare 
ground was reduced in fertilized plots, whether 
fenced or not (Figure 2). The fenced plots 
receiving the full fertilizer treatment (NPKF) had 
the lowest percent of bare ground (mean= 0.03% 
compared to 93% for grazed controls).

Fenced plots tended to have lower percent cover 
of bare ground than the corresponding non-fenced 
plots when receiving fertilizer (NPKF:NPK; 
t=2.24, df=8, p=0.06), but not in the non-fertilized 
plots (CF:C; t=0.10, df=8, p=0.92; Figure 2c).

Figure 2. a) The present-day STM was applied to a case study in the central highlands of Iceland 
and predicted that management interventions (red dots) like grazing exclusion could effectively reduce 
rangeland degradation if implemented early, before the ecosystem has crossed the functional threshold 
(i.e., in the moderately degraded dwarf shrub heath). Once the threshold has been crossed, like in the 
gravelly desert, only more active interventions, including fertilization combined with grazing exclusion, 
would allow the recovery of vegetation. A field experiment was used to test these predictions, by 
measuring the percent cover of bare ground in plots exposed to different treatments mimicking these 
management interventions (control C-, fertilizer applications NPK and fences -F) four years after the 
start of the experiment, in: b) a dwarf shrub heath and c) a gravelly desert. Asterisks indicate significant 
differences relative to control plots (*** p<0.001).

Discussion
Our use of STMs at a broad spatial and temporal 
scale provides a novel approach for better 
understanding of the forces driving the landscape 
change in Iceland. Our models indicate increasing 
complexity over time, with a clear influence of 
human activities in creating new ecosystem states 
and accelerating some transitions. In the earlier 
period, before human settlement in Iceland, 
landscape changes were driven mostly by climate 

and natural disasters. The settlers brought with 
them livestock, and the use of natural resources 
(clearcutting, haymaking) increased, especially 
in the lowlands (Dugmore et al., 2005). Towards 
the end of the second period, around 1900s human 
populations began to increase steadily, and so did 
the number of domestic animals, particularly sheep, 
which reached a peak in the late 1970s. Despite 
the increased restoration and reforestation efforts 
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in the 20th century and a considerable reduction in 
the number of sheep, many Icelandic rangelands 
remain in poor condition (Marteinsdóttir et al., 
2020).

The application of our STM to a grazing common 
in the central highlands of Iceland illustrates how 
the general model can be adapted to a local case 
study and the usefulness of this approach to guide 
management efforts. The model hypothesized the 
occurrence of an ecological threshold, beyond 
which irreversible degradation would occur (Barrio 
et al., 2018). The existence of these thresholds 
and catastrophic shifts into collapsed ecosystem 
states has been previously described for Iceland 
(Aradóttir et al., 1992; Archer and Stokes 2000) 
and other ecosystems worldwide (Jefferies et al., 
2006). Our model suggested that in order to achieve 
the desired restoration outcomes, appropriate 
management actions will depend on the stage of 
degradation. Once these ecological thresholds 
have been crossed, management interventions that 
only exclude sheep grazing would not revert the 
ecosystem to its vegetated state and more costly 
interventions, like fertilization, would be required 
to restore vegetation cover. Our field experiment 
showed that four seasons of grazing exclusion 
alone did not affect the amount of exposed bare 
ground in either the gravelly desert or in the dwarf 
shrub heath. However, fertilization, particularly 
when combined with grazing exclusion, reduced 
the amount of exposed bare ground in the gravelly 
desert to virtually zero.

In sum, our models show that STMs can provide 
a useful conceptual framework that facilitates a 
deeper understanding of the ecology of dynamic 
ecosystems in Iceland. Identifying what drives 
ecosystem change is essential to manage these 
systems, especially because some of these drivers, 

like grazing, are easier to manipulate than others, 
like climate or volcanic eruptions. Inputs and 
management efforts can therefore be prioritized. 
Further, a better understanding of how disturbed 
ecosystems respond to different management 
interventions is fundamental to develop effective 
management strategies. These responses might 
differ depending on the stage or severity of 
disturbance. For example, for systems where 
vegetation is still present but at risk of continuing 
degradation, applying management strategies 
before the area has crossed an ecological threshold 
may mitigate further and costly loss of ecosystem 
function. Future assessments should include 
other indicators of ecosystem degradation, such 
as changes in productivity or plant community 
composition. The development and use of 
conceptual models provides a framework for 
organizing our knowledge about a system, and 
targeted experiments can help refine these models 
(Bestelmeyer et al., 2009, 2017). In this context, 
STMs can provide a solid base for nationwide 
monitoring systems like GróLind (www.grolind.
is). Our study provides a better understanding of 
the dynamics of grazed tundra ecosystems and 
offers insights for management plans targeting the 
restoration and conservation of specific habitats 
across the rangeland system (Briske et al., 2020).
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Græðum Ísland. Landgræðsla Ríkisins, Reykjavik, pp. 73–82.

Archer, S. and Stokes, C. 2000. Stress, disturbance and change in rangeland ecosystems. In: Arnalds, Ó. 
and Archer, S. (eds.) Rangeland desertification. Kluwer Academic Publishers, Dordrecht, pp. 
17–38.
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Sustainable management of rangelands: An assessment of invasion cover trajectories and their 
contribution to invasion management in Marigat Sub-County, Kenya 

 
Adoyo, B.*1; Ehrensperger, A.2; Mukhovi, M.S.3, Kiteme, B.4, Rima, P.M.5, Eckert, S.6, Choge,  

S.7, Schaffner, U.8

Keywords: [Sustainable land management; invasive alien species; Prosopis juliflora; drivers]

Abstract
Invasive alien species have complex spatiotemporal patterns of spread beyond geographical and 
jurisdictional boundaries. This calls for a coordinated management approach that is spatially explicit, 
extends beyond individual plot levels, and incorporates land users’ perceptions and decisions. This study, 
therefore, aims at assessing spatiotemporal invasion trajectories of the invasive tree Prosopis juliflora 
in Baringo County, Kenya, and evaluating their possible relation to land users’ management decisions. 
Pre-classified land cover data over a seven-year time period  (1988–2016) were reclassified based on the 
presence or absence of P. juliflora and integrated into ArcGIS to produce P. juliflora cover trajectories 
for analysis. The spatiotemporal analysis of Prosopis invasion dynamics yields trajectories that can be 
linked to underlying land users’ management decisions. Areas that remained free of Prosopis since their 
first clearance were primarily areas where the invasion would cause the highest loss in terms of income 
or opportunity costs; areas that were never cleared since they were first invaded tended to be areas 
where no one could be personally held accountable for their management, while the abandonment of 
management followed by re-invasion appeared to be linked to different drivers, including diversification 
of livelihoods and lower market prices for horticultural products. Our findings indicate that invasion 
trajectories are useful in informing existing management strategies to adopt context-based invasive 
species management practices.  The study recommends scaling up the trajectory analysis approach to 
be replicated in large-scale invasion management strategies. Since it requires considerable finances and 
time to conduct such analyses on raw satellite imagery, we suggest further research on how to simplify 
the approach to make it easily and efficiently replicable for large-scale applications.  

Introduction
Background: Prosopis juliflora (Sw.) DC. 
(hereafter referred to as Prosopis) is widely 
recognized as an invasive plant in almost all of 
the world’s Arid and Semi-Arid Lands (ASALs) 
(Shackleton et al., 2014). Native to South and 
Central America, Prosopis was introduced into 
Africa in the early 1970s for afforestation, fodder, 
and fuelwood (Mwangi and Swallow, 2008). 
However, it became invasive posing adverse 
impacts ranging from the depletion of groundwater 
(Shiferaw et al., 2019), displacement of indigenous 
species (Linders et al., 2019), physical injury to 
both livestock and humans, and a security threat 
as it harbors thieves (Maundu et al., 2009). In 

Kenya, a National Prosopis Strategy (NPS) was 
formulated in 2020 to curtail its spread and control 
its impacts on ecosystem services and livelihood.

Just like other invasive alien species (IAS), Prosopis 
invasion stretches beyond jurisdictional and 
geographic boundaries, calling for a coordinated 
management approach that adopts interventions 
beyond individual plots (NISC, 2008). Moreover,  
IAS has complex spatiotemporal patterns 
(Nehrbass et al., 2006), which influence land 
users’ perception and subsequently their decision 
to invest or not in implementing IAS management 
practices. Community-level management 
strategies should therefore be prioritized while 
making decisions on invasion management.
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Objectives: To enhance the effectiveness of local, 
regional and national IAS management strategies, 
a better understanding of the spatiotemporal 
dynamics of Prosopis invasion with reference to 
land users’ management decisions is fundamental. 
We, therefore, propose a methodology to analyze 
spatiotemporal trajectories of Prosopis and outline 
their possible interrelation to land management 
decisions. Based on pilot research conducted 
in Marigat, Baringo County, we developed 
this approach into a replicable comprehensive 
methodology building on the analysis of remotely 
sensed data, cross-referenced with ground-based 
survey results. If implemented country-wide, the 
approach would be useful to contextualize and 
operationalize the NPS in affected counties in 
Kenya by providing a crucial decision-making 
basis for the designing of spatially explicit 
management plans. 

Methods
Study site: The study was conducted in Marigat 
Sub-County of Baringo County, which is a good 
representation of Kenyan ASALs with heavy 
Prosopis invasion. It is one of four project sites of 
the Woody Weeds Project (see acknowledgments), 
which enabled us to use available analyses and 

data to conduct the present study. 

Spatial-temporal Prosopis invasion trajectories: 
Landcover data that were pre-classified in the 
Woody Weeds project (Mbaabu et al., 2019) were 
reclassified based on the presence or absence of 
Prosopis. The output, covering 3 decades from 
1988 to 2016 and distributed in 7 years intervals, 
was integrated into ArcGIS to derive individual 
trajectories as well as types of trajectories of 
Prosopis cover in the area. Open-source thematic 
shapefiles from World Resources Institute (WRI) 
and OpenStreetMap data websites were then 
overlaid to assess the contribution of different 
drivers to invasion patterns. 

Results
Spatial-temporal invasion trajectories

The assessment of land cover data revealed 32 
trajectories of Prosopis invasion (i.e. distinct 
successions of Prosopis presence and absence 
between 1988 and 2016). Some of them cover 
very small areas and others have inconclusive 
invasion trends. Thus, we limited our scope to 
thirteen trajectories that are categorized into 3 
main trajectory types representing a good proxy 
for Prosopis management practices (Table 1).

Table 1: Spatio-temporal invasion trajectories. 1 (red) and Zero (green) represent presence and absence of Prosopis 
respectively. “Pixel Count” indicates the number of 30m x 30m pixels falling under a certain trajectory. Source: 
Calculated by the author on the basis of Mbaabu et al., 2019.

No. Pixel count 1988 1995 2002 2009 2016 Area (km2) Area (%)
Category 1: Constantly uninvaded after clearance

1 8448 1 0 0 0 0 7.60 76.08
2 1259 1 1 0 0 0 1.13 11.34
3 1120 1 1 1 0 0 1.01 10.09
4 277 1 1 1 1 0 0.25 2.50

 10.00 3.00
Category 2: Constantly invaded after first appearance

5 295397 0 0 0 1 1 265.86 83.48
6 52289 0 0 1 1 1 47.06 14.78
7 6165 0 1 1 1 1 5.55 1.74

 318.47 95.00
Category 3: Cleared and then reinvaded

8 3108 1 0 0 1 1 2.80 40.05
9 2268 1 0 0 0 1 2.04 29.23
10 1428 1 0 1 1 1 1.29 18.40
11 522 1 1 0 1 1 0.45 6.73
12 237 1 1 1 0 1 0.21 3.05
13 197 1 1 0 0 1 0.18 2.54

6.97 2.00
Total of 13 trajectories: 335.44 100.00
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The three categories of trajectories are reflecting 
land users’ decisions to adopt (or not) and 
continuously use (or not) SLM practices. 
Hereafter, we briefly describe each category and 
offer a possible interpretation in relation to land 
management decisions. 

Category 1: Areas that remained constantly 
free of Prosopis after clearance
This category covers an area of approximately 
10 km2, equivalent to 3% of the considered areas, 
with the first successful clearance covering an 
area of 7.6 km2. It occurred between 1988 and 
1995, coinciding with a major drought in Baringo 
County. Trajectory 4 indicates that in recent years 
(between 2009 and 2016), long-term Prosopis 
cover was cleared in very few areas (0.25 km2). 
This indicates that existing management is 
unsustainable and that Prosopis management is 
the exception than the rule in the study area. 

Category 1 dominates agricultural lands, mainly 
along water bodies (Figure 1), which are suitable 
for farming due to constant water supply and fertile 
soils, thus providing sufficient motivation to land 
users to keep Prosopis at bay.

 Farmers reported that they prioritize the cultivation 
of parcels close to their homestead, which explains 
the concentration of category 1 near settlements 
and the invasion of agricultural land in areas that 
are further away (Figure 2). Counterintuitively, 
the immediate surroundings of Marigat town 
are heavily invaded, which can be explained 
by the fact that it is a commercial center, whose 
inhabitants are rather concerned with business 
than with farming.

Category 2: Areas that were constantly invaded 
after the first presence of Prosopis
This is the most widespread category in Marigat, 
even though it includes only 3 trajectories. 
Trajectory 5 has the largest coverage, indicating 
that a strong wave of Prosopis invasion took place 
between 2002 and 2009, while the invasion was 
slower in the prior 7-year period and even slower 
in the first one (1988 to 1995). Although this 
category is evenly distributed throughout the area, 
constant invasion is widespread in the lowlands 
and is dominant along roads, water bodies, and 
grasslands which form communal grazing fields 
(Figure 1). This indicates that Prosopis invasion 
progresses fastest where no one is personally held 
responsible for its management (e.g roadsides, 
land with common tenure regimes), or where 
specific vectors help to spread the plant (e.g. seeds 
being dispersed by water, livestock, or vehicles).

Category 3: Cleared and then re-invaded areas
This category covers the smallest surface of only 7 
km2 ( 2 % of areas covered by all trajectories). Six 
out of the 7 km2 were first cleared between 1988 
and 1995 but later re-invaded within different 
timeframes. When comparing trajectories 5, 8, 
and 11, it appears that a rather strong wave of (re-)
invasion took place between 2002 and 2009. This 
category occurs in close proximity to category 1 
trajectory (Figure 1) and shows a wave of Prosopis 
clearing roughly between 1995 and 2009 followed 
by a reinvasion that is also clearly visible in 
trajectory 5 of the second category. 

The main possible explanation for this trajectory 
are changes in the socio-economic environment: 
it is possible that in the period between 1995 and 
2009 peoples’ livelihoods were more dependent 
on land and therefore they had a higher incentive 
to clear Prosopis, whereas in subsequent years 
new sources of income might have fostered the 
abandonment of land. Lower market prices for 
horticultural products might also be part of the 
cause, especially in the irrigated areas.

Figure 1: Spatial extent of the three categories 
of Prosopis invasion trajectories in Marigat Sub-
County

Discussions
Our findings provide evidence that a spatiotemporal 
analysis of Prosopis trajectories yields context-
based insights into invasion dynamics, which 
can be linked to underlying land management 
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decisions and their related drivers. The logical 
assumption is that land users’ decisions to 
implement SLM practices are reflected in the 
overall spatiotemporal land cover patterns 
(Zhou et al., 2008). Thus, the latter is useful in 
determining context-based management strategies 
to combat invasion (Saguye et al., 2017). The 
study also shows that the mapping of invasion 
trajectories alone is not sufficient in explaining 
drivers to land users’ management decisions. It 
needs to be complemented with further analyses. 
We identify two main pathways for strengthening 
the explanatory potential of our approach:

Spatial overlays: The explanatory potential of 
the trajectory mapping could be enhanced by 
comparing the resulting invasion patterns with 
other spatial indicators such as remoteness, 
proximity to surface water areas, land tenure 
types, changes of land ownership, etc. A recent 
study (Schirpke et al., 2020), found that overlay of 
functional spatial units is fundamental in revealing 
a combined effect of biotic and abiotic drivers 
on grassland trajectories. Some of these analyses 
have been conducted and are presented in Figure 
2. However, additional analyses would help to 
identify key environmental, socio-political, and 
economic processes that have repercussions on 
IAS management. 

Ground-based surveys: At the present stage, 
the mapping of trajectories is merely a basis for 
formulating hypotheses on the drivers influencing 
the adoption of sustainable land management 
practices. To verify these hypotheses a more 
detailed understanding of land management 
decisions in the area is needed. We are working on 
achieving this in-depth understanding through a 
comprehensive survey of local stakeholders whose 
integration will yield reliable responses based 
on their real-life experiences (Markard et al., 
2012), and systemic analysis of drivers affecting 
stakeholders’ decision-making on SLMs. 
Finally, spatial analysis of Prosopis trajectory 
types is time and labor-intensive and might prove 
to be too slow and expensive if conducted over 
larger areas and/or when quick results are needed. 
This mainly concerns the initial analysis of raw 
satellite imagery to derive land cover classes, as 
this work includes the collection of ground-based 
control points (Mbaabu et al., 2019). Furthermore, 
owing to the relatively new interest in mapping 
Prosopis, it is unlikely that such analysis could 

be conducted on already pre-processed data 
(including a reliable mapping of Prosopis cover) 
that would help speed up the process. We intend 
to address this issue while scaling out the Woody 
Weeds project (see below) to other counties in 
Kenya and hope to be able to elaborate alternative 
faster approaches. The use of drones to determine 
their potentials and advantages in comparison to 
approaches based on satellite images may provide 
an interesting alternative.
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Abstract

Short duration, high density grazing is a grazing management strategy that incorporates the rotation of 
large livestock herds, often at double or triple the normal prescribed stocking densities of the specific 
area. It is claimed that this type of grazing management can improve rangeland health by improving soil 
and vegetation condition, and subsequently influencing animal performance. Regardless of the scarcity 
of scientific evidence validating these claims, the change from conventional rotational grazing systems to 
short duration, high density grazing systems is on the increase in South Africa. This study aims to assess 
these claims, through the quantification of various rangeland vegetation and soil health, and livestock 
performance parameters under both conventional rotational and short duration, high density grazing 
systems. The study will be conducted through fence line contrast studies, whereby neighbouring farms, 
one practising short duration, high density grazing and the other conventional, rotational grazing, will be 
assessed. Soil parameters to be investigated will include soil physical (compaction) and chemical (pH, 
carbon, nitrogen, exchangeable cations) characteristics, whereas vegetation characteristics will include 
species composition, production, vigour and quality. In addition, animal performance will be measured 
as body condition and calving rate. This project has the potential to provide objective, scientifically 
based information regarding some of the controversies revolving around short duration, high density 
grazing, as well as contribute to the sustainability and economic viability of livestock production in 
Southern Africa.

Introduction

Grasslands, soils and grazing animals have co-evolved for millions of years. Therefore, it is not surprising 

that the inter-relationships that exist between these 
factors are greatly influenced by the manipulation 
of man through various grazing management 
strategies. These strategies have two common 
principal objectives, which are to optimize 
livestock/wildlife production, and subsequently to 
restore or maintain healthy rangelands, all whilst 
enhancing resilience to climate change.

In South Africa, several grazing management 
strategies exist, namely continuous grazing (i.e. 
season-long grazing, whereby animals are allowed 
to graze selectively with minimal disturbance for 
a year/entire season), deferred-rotation grazing 
(incorporates periodic deferment, an allocated 
period whereby there is an absence of grazing 
during the growing season to all plants to reach 
reproductive maturity and to set seed), and 
rotational grazing (a more adaptive management 
approach compared to continuous and deferred 

systems that incorporates the rotation of livestock 
between multiple paddocks). 

In South Africa, multi-camp rotational systems are 
used based on utilization patterns. These systems 
include the non-selective grazing approach (short 
grazing periods < 14 days, proceeded by a rest 
period of a minimum six weeks or longer, and 
stocking densities adjusted to avoid selective 
grazing); controlled selective grazing (short 
grazing periods < 14 days, coupled with short rest 
periods (<six weeks), with animals being moved 
when plants are defoliated to a maximum 60% to 
avoid physiological plant damage and decreased 
vigor); and short duration grazing. 

Short duration grazing, also used interchangeably 
as rapid rotation, time controlled, high density, 
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ultra-high density, Savory grazing, holistic 
grazing and holistic resource management, was 
first introduced by Allan Savory in the 1960’s. 
However, Savory emphasized that holistic grazing 
management is not short duration grazing, and 
should not be considered as such. Instead, it is a 
goal driven management practice that, through its 
adaptive nature, cannot be quantified or validated 
experimentally due to its flexibility in animal 
numbers, length pf grazing periods, number and 
arrangement of paddocks, and other managerial 
factors (Holechek, 1999).

However, still today, it is considered as short 
duration grazing, and will be referred to as such 
from here onwards. Short duration grazing features 
a one herd of livestock rotated between eight 
or more camps. Periods of occupation is short, 
usually lasting between 1-3 days, followed by a 
long rest period. Stocking densities are usually 
double or triple the area norm.

Short duration grazing in relation to soils
In grasslands, soil health is determined by the ability 
of soil to provide structural support to vegetation, 
sustain biological diversity and productivity, store 
water and regulate water movement (infiltration), 
and cycle nutrients (Mausbach, 1996). It can be 
measured by the physical and chemical properties 
of the soil (Doran, 1994). Soil physical properties 
is commonly measured by soil bulk density. Soils 
with lower bulk densities have a greater soil 
structure, and tend to have a greater water holding 
capacity and higher infiltration rates. Short 
duration grazing, if implemented correctly, claims 
to have soils of this nature. However, several 
studies regarding short duration grazing and the 
effects thereof have shown that short duration 
grazing and the hoof action of large number of 
animals reduces, rather than increases soil water 
infiltration (McCalla et al., 1984; Thurow et al., 
1986; Weltz and Wood, 1986; Warren et al., 1986; 
Pluhar et al., 1987). Due to this reduction in soil 
water infiltration, soil erosion tends to increase due 
to compacted soils, and, in turn, result in increased 
soil bulk density and reduced fungus biomass 
(Dormaar et al., 1989).

Nutrient availability and cycling are considered 
as chemical indicators of soil health (Larson and 
Pierce, 1991). Nutrient availability is measured as 
the Cation Exchange Capacity (CEC), otherwise 
known as the total capacity of soils to hold 
exchangeable cations, whereas nutrient cycling 

is measured by soil organic matter. In grassland 
ecosystems, carbon and nitrogen are the two most 
important components of soil organic matter, each 
producing vital pools in soils. In healthy soils, 
higher concentrations of soil C and N are present, 
resulting in more efficient cycling of nutrients 
(i.e., faster decomposition rates of organic matter 
made available for uptake by plants) (Brady and 
Weil, 2008). This is claimed to be characteristic of 
short duration grazing (Savory and Parsons, 1980; 
Savory, 1983; Savory, 1988). Literature seems to 
sway towards this claim. According to Manley et 
al., (1995), grazed land had higher levels of carbon 
and nitrogen in the topsoil compared to non-grazed 
areas. Sanjari et al., (2008) found that although 
short duration grazing showed significantly higher 
litter accumulation, a significant increase in 
soil organic carbon and nitrogen was not found. 
According to Teague et al., (2011), higher content 
of soil organic matter was observed on lands 
subjected to short duration grazing compared 
to those grazed continuously. Higher content of 
magnesium, calcium sodium and cation exchange 
capacity were, too, found in soils subjected to 
short duration grazing.

Short duration grazing in relation to herbaceous 
vegetation
Primary production refers to the total new 
vegetation production in a single growing season 
(Allen et al., 2011), and is determined by the genetic 
potential of present plant species, availability of 
essential nutrients and water to plants, as well as 
the health and condition of the rangeland (Redden, 
2014). It is important to grazing animals, as the 
amount of available forage is directly related to the 
number of animals the area can sustain. Increased 
herbage production is one of the most common 
claims of short duration grazing. However, 
research conducted on these claims have rendered 
varied results, with production remaining constant 
(Pitts and Bryant, 1987; Anderson, 1988; Thurow 
et al., 1988; Earl and Jones, 1996), increasing 
(Cassells et al., 1995) and decreased (Demer eta 
l., 1994) when compared to other grazing systems.

The selectivity of grazing animals can be an 
important factor in determining the species 
composition and the stability of the ecosystem in 
terms of plant succession. It is generally accepted 
that as stocking density increases, the frequency 
at which plants are defoliated increases as well 
(Matches, 1992). This increased frequency of 
defoliation lowers forage availability, resulting 
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in possible changes in sward morphology and 
composition (Matches, 1992). Short duration 
grazing, however, claims to accelerate plant 
succession, resulting in a climax dominated plant 
composition. As with the other mentioned claims, 
varied results exist in literature (Holechek et 
al.,2000; Teague et al., 2011).

The aim of the study is to test the general claims of 
the benefits of short duration, high density grazing 
by investigating its impact on soil, vegetation 
and animal performance parameters. This will be 
done by investigating the following objectives: 
1. The impact of short duration, high density 
grazing and conventional rotational grazing on 
rangeland health in terms of plant composition, 
plant production, plant litter, forage quality and 
rangeland condition, and 2. The influence of short 
duration and conventional rotational grazing on 
soil health in terms of soil exchangeable cations, 
soil organic matter, soil moisture and soil pH.

Materials and methods

Study area
The study will be conducted using a fence line 
contrast approach on eleven short duration, high 
density farms and neighbouring conventional 
rotational farms (rendering a total of 22 study 
sites). All sampling will be conducted during the 
wet and dry season for three consecutive years 
on all identified sites. Five survey zones will be 
identified for each site, and within each, three 
sampling plots will be used as replications for 
vegetation and soil sampling. 

Surveys of herbaceous layer
Species composition

The species composition of the herbaceous layer of 
each site will be determined using a point method, 
according to the nearest plant method (Everson & 
Clark 1987; Smit & Rethman, 2000). A 300 m line 
transect will be used for each plot per site, with 
plants/nearest plant at each 1 m mark being being 
recorded. 

Veld condition assessment

For each plot per site, a veld condition assessment 
will be done using the Ecological Index Method 
(Vorster, 1982; Heard et al., 1986). The method 
is essential to determine the current condition of 
the site, and serves as a reference for seasonal 
sampling and to determine the difference in 
veld condition under the two different grazing 

management practices. 

Dry matter production

The harvest method (Grunow et al., 1980; 
Catchpole & Wheeler 1992) will be used to 
determine the above ground dry matter production 
of each site. A 0.5 x 0.5 m (0.25 m2) quadrat will 
be placed at every 10 m point on the 300 m line 
transect (see species composition) at each plot. 
All rooted herbaceous plants will be harvested 
to stubble height using hand clippers, separated 
by species, and placed in separate paper bags. 
All harvested material will be dried at 70ºC to a 
constant mass, weighed and expressed kg/dry 
matter per hectare. Harvesting at species level will 
express the contribution of all species to total dry 
matter production.

Determination of soluble sugars

Soluble sugars will be determined in the field 
using a handheld Brix refractometer. Five samples 
of each representative grass species in each site 
will be measured during the growing season. Few 
drops of the leaves and stems will be squeezed 
onto the glass prism of the refractometer and 
sugar content will be measured by reading the 
numbered scale in Brix units, which is equivalent 
to percentage. These results will only be used for 
comparison between the two grazing systems, and 
not for exact figures.

Determination of crude protein (CP) and 
neutral detergent fibre (NDF)

Plant samples will be collected by harvesting 
five 0.25 m2 quadrats per line transect per plot. 
Harvested material will be oven dried at 70ºC 
till a constant mass and milled to pass through a 
1 mm sieve. Milled samples will be sent to the 
Department of Animal, Wildlife and Grassland 
Sciences (University of the Free State) laboratory 
for analysis. The NDF analyses will be conducted 
using an ANKOM Fibre Analyzer. Crude protein 
and nitrogen analysis will be conducted using a 
LECO FP-528 N analyser.

Soil sampling
Determination of soil nutrient status, moisture, 
bulk density and infiltration

Determination of soil nutrient status

The determination of soil pH, soil organic carbon, 
nitrogen, available phosphorous and exchangeable 
cations (Ca, Mg, K, Na) will be done for each plot 
per site. Six topsoil samples will be collected per 
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line transect (see species composition) per plot 
(one sample at every 50 m point). Samples will be 
collected at the following depth ranges: 0-5 cm, 
5 – 10 cm and 10 – 20 cm using a soil auger. The 
samples will be bulked and mixed for each depth 
range, and subsamples will be derived from the 
bulked mass for laboratory analysis.

Laboratory analysis of soil samples will be 
conducted at the Soil Science Department 
laboratory at the University of the Free State. 
All analyses will be conducted following the 
standards of the Non-Affiliated Soil Analysis Work 
Committee (1990). Before analyses, soil samples 
will be oven dried and funnelled through a 2 mm 
sieve to remove all debris and larger soil particles.

Soil pH will be determined using the glass 
electrode method, which involves the mixing of a 
1:1 or 1:5 ratio of sieved soil and deionized water. 
pH glass electrodes are inserted into the soil slurry, 
and pH is obtained from the displayed pH on the 
calibrated pH meter.

Total carbon and nitrogen will be determined 
using the dry oxidation method in a LECO FP 
528 analyser. The method entails dry combustion 
at controlled heating rates and temperatures 
to release CO2 and N to determine carbon and 
nitrogen respectively. 

Available phosphorous will be extracted and 
concentrations determined using the Olsen 
method and Colorimeter meter respectively. The 
method involves the mixture of soil samples and 
chemical reagents until colour development, and 
absorbencies measured at 850 nm thereafter. 

Exchangeable cations will be determined using 
the 1 M ammonium acetate method using a 
mechanical vacuum extractor. Extracts will be 
analysed by atomic absorption spectroscopy. This 
method allows all exchangeable cations (Ca, Mg, 
K and Na) to be determined simultaneously. 

Determination of soil moisture, bulk density and 
infiltration

A neutron moisture meter will be used to determine 
the soil water content. A probe will be lowered 
into the soil via 10 access tubes on each side to 
the depth of 1 m. The soil water content will be 
recorded as displayed on the gauge at six different 
depths, each representing a different soil layer. 
These depths are 75 mm (0 -150 mm), 225 mm 
(151 – 300 mm), 375 mm (301 – 450 mm), 325 
mm (451 - 600 mm), 675 mm (601 – 750 mm), 

825 mm (751 – 900 mm).

Bulk density of each site will be determined using 
a penetrometer, with the pressure gauge mounted 
at the top of a pointed rod, being pushed into the 
soil until a gauge reading of 300 psi is obtained. 
The depth of compaction is derived after the 
penetrometer is removed, and the depth at which 
300 psi is measured. Three penetrometer readings 
will be conducted per 300 m line transect (see 
species composition), at every 100 m mark.

Soil water infiltration will be determined by means 
of the falling head test using the double ring 
infiltrometer (Gregory et al., 2005). The method 
involves the infiltrometer being placed on the 
soil surface and water being placed in the outer 
and inner ring. The time in which water takes to 
decrease in the inner ring will be measured. 

Discussions

It is evident that broad generalizations of the 
benefits of short duration, high intensity grazing 
are based on insufficient scientific evidence 
to support these claims. In addition, these 
generalizations are often based on the effects of 
short duration, high intensity grazing over short 
periods of time.  In addition, no clear definitions 
exist for the terminology used (terms currently 
used in practice include high pressure grazing, 
non-selective grazing, ultra-high pressure grazing 
and ultra-high pressure strip grazing), and studies 
attempting to compare different methods of the 
practical application of short duration, high density 
grazing are few. This complicates the assessment 
of different studies, as well as complicating the 
comparison of new studies with existing literature. 
The management skills also differ between farm 
managers and this human factor also contributes 
to the large variability between the successes of 
different grazing systems. The rainfall in the 
grassland biome also ranges from below 400 mm 
to approximately 700 mm, which has a impact 
on the resilience and reaction of the vegetation 
to different defoliation methods This complicates 
the development of scientifically sound and 
comparable methodologies. 

Secondly, broad generalizations and claims in 
favor of short duration, high intensity grazing is 
not currently supported by sufficient scientific 
evidence. Most claims are merely speculation 
without clear scientific evidence that support the 
assumed benefits of short duration grazing. The 
results from the few existing scientific studies do 
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not provide a clear understanding of the complex 
animal-plant interaction related to short duration 
grazing. In addition, the results of these studies 
often differ widely, with positive findings not 
prevailing over insignificant or negative findings. 
Therefore, the claim that short duration grazing is 
superior to traditional rotational practices should 

be investigated in more detail, and also in different 
climatic regions to account for differences in the 
complex animal-plants interactions under different 
rainfall, vegetation and soil regimes.



170

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

The effects of chemical and mechanical control of woody plants on resprouting and seedling 
production in communal rangelands 
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Abstract
In many African countries, communal rangelands are threatened by woody plant encroachment. We 
sought to explore potential solutions for communal ranchers that would be cost-effective. We conducted 
two field experiments to determine (1) the effects of various tree removal treatments (10 %, 20 %, 50 
%, 75 % and 100 %), and herbicide application on resprouting ability and vigour of several woody 
plant species; and (2) the effectiveness of Tree Poppers® (a weed wrench) as a low-cost mechanical 
control tool to physically uproot seedlings and saplings of woody species. In the first experiment, we 
examined 12 plant species from 20 plots (30 m x 30 m) each subjected to tree removal, followed by 
herbicide application on half of the stumps for each plot. In the second experiment, eight dominant 
tree species were grouped into three height classes (0-49 cm, 50-99 cm, 100-150 cm) of ten seedlings 
and saplings per species per height class. All the tree species in this study resprouted six months after 
cutting. Herbicide application significantly reduced the resprouting ability of Dichrostachys cinerea (L.) 
Wight & Arn, Ehretia rigida (Thunb.) Druce, Vachellia robusta (Burch.) Kyalangalilwa & Boatwright 
and Ziziphus mucronata Willd. Tree removal positively influenced the resprouting ability and vigour 
of only Euclea crispa (Thunb.) Gürke. The diameter of stumps was an important factor in determining 
resprouting ability, with shoot production decreasing with increasing stump diameter. We found no 
significant differences in the number of seedlings and saplings uprooted by Tree Poppers® among the 
different size classes. There were significant differences in the number of juveniles uprooted using a 
weed wrench with only a few individuals of Vachellia species uprooted. Woody plants are more likely 
to resprout and survive as juveniles than as adults after cutting. Communal ranchers may mechanically 
control shallow-rooted tree seedlings with a weed wrench but not deep-rooted ones, such as Vachellia 
species.

Introduction
Effective rangeland management can be achieved 
by developing appropriate strategies that can help 
increase or maintain grass production adequate for 
livestock- and game-ranching (Smit 2005; Harmse 
et al., 2016). One strategy for optimizing the 
availability of grass and maintaining the ecological 
benefits conferred by woody plants is by reducing 
the tree density (also termed tree thinning), which 
involves a reduction in the number of trees in areas 
where woody plant encroachment has occurred 
(Smit 2005). Tree density reduction has been 
shown to have positive benefits in savannas such 
as an increase in grass production and reducing 
soil erosion (Ndhlovu et al., 2016). Globally, 
brush management techniques may include 

mechanical control methods such as shredding 
or roller chopping to remove most of the woody 
layer (Archer 2010; Eldridge and Ding 2020). 
These methods are widely used in developed 
countries such as the United States of America and 
Australia (Eldridge and Ding 2020). In southern 
Africa, resource-constrained communal ranchers 
cannot normally afford to implement these 
methods. Given that the problem of woody plant 
encroachment is particularly acute in communal 
rangelands (Mograbi et al., 2015), alternative low-
cost strategies that are effective, less complex and 
that can control the growth and survival of young 
trees in small-scale rangeland systems are needed. 
Mechanical tools such as Tree Poppers® may 
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help control young trees in communal rangelands 
(see https://treepopper.co.za). Tree Poppers® are 
hand-held mechanical tools that are designed to 
physically uproot tree seedlings. Tree Poppers® 

work in a similar way to weed wrenches that 
are normally used in North America by nature 
conservation groups and land management 
agencies to control young trees (see e.g., https://
www.theuprooter.com). The use of Tree Poppers® 
in savanna rangelands for mechanical woody-
plant control has not previously been recorded in 
southern Africa.

A problem that is widely understood is that 
mechanical-control methods are limited by the 
abilities of many trees to resprout after incomplete 
removal (Pausas and Keeley 2017). Many 
empirical studies have reported on the importance 
of resprouting as a persistence strategy across 
different habitats, from savannas (Shackleton 2000), 
forests (Poorter et al., 2010) and deserts (Nano 
and Clarke, 2011) to Mediterranean ecosystems. 
Woody plants have been reported to regenerate 
from the cut or broken stem as well as through 
seedling recruitment (Bond and Midgley 2001; 
Shackleton 2001). Resprouting is a mechanism 
that allows individual plants to regenerate after 
the elimination of the above-ground biomass and 
persist in ecosystems with recurrent disturbances 
(Nzunda et al., 2014). The resprouting ability of 
various woody plants is supported by the non-
structural carbohydrate reserves stored in a well-
developed, deep-root system (Casals and Rios 
2018). Regardless, shoots produced by the cut 
stumps are undesirable because they have the 
ability to regrow into mature trees with multiple 
stems that may have negative competitive effects 
for resources on grasses (Shackleton 2001; Nano 
and Clarke 2010). To prevent tree stumps from 
regenerating after tree cutting, the cut stumps are 
frequently treated with chemical herbicides (Enloe 
et al., 2018). However, poor communal ranchers 
may be unable to afford such herbicides, so we 
sought to determine whether they could use other, 
less-expensive means.

Here we examined the resprouting patterns of 12 
dominant woody species at Roodeplaat ranch in 
Gauteng Province of South Africa. We applied 
mechanical tree removal and herbicides to determine 
which of these two factors were most important 
for controlling woody plant encroachment. We 
sought to determine the combined effects of tree 
species, removal treatments, stump diameter, and 

herbicide application on resprouting patterns of 
the study species. Further, we investigated the 
effectiveness of a Tree Popper® to mechanically 
uproot tree seedlings and saplings of eight 
dominant species in the study area. To achieve 
these aims, we conducted two field experiments 
and made the following predictions: (1) A higher 
density of trees in low-removal treatments will 
result in reduced resprouting ability and vigour 
due to stump shading by the remaining trees; 
(2) Herbicide application will result in reduced 
or no growth from cut stumps regardless of the 
species; (3) There will be a positive correlation 
between resprouting ability and stump diameter 
because larger trees should have greater storage 
of below-ground resources (Nzunda et al., 2008); 
(4) The effectiveness of a Tree Popper® is likely to 
be negatively affected by seedling height and be 
greater for shallow-rooted trees.

Materials and methods
The study was conducted at the Roodeplaat 
experimental ranch of the Agricultural Research 
Council (25º 56’S 28º 35’E) in Gauteng Province, 
South Africa. The study was conducted in two sites 
within the ranch. The first study site consisted of 
20 plots of 30 m x 30 m each subjected to different 
intensities of tree removal. Trees were removed to 
the approximate equivalents of 10 %, 20 %, 50 %, 
75 % and 100 % total clearing of the tree biomass 
per plot, following Smit (2005). This experiment 
was a split-plot design, where half of the tree 
stumps were treated with a herbicide. The herbicide 
used contains picloram as its active ingredient 
(Teague and Killilea 1990). To determine the 
regrowth patterns for each resprouting stump the 
following variables were measured in each plot 
6 months after tree felling during July 2019: (1) 
total number of resprouting shoots, (2) number 
of leaves on the leader (longest) shoot, (3) shoot 
length of the leader shoot and (4) shoot diameter 
of the leader shoot, measured at the base of the 
shoot.

In the second study site, we assessed the effectiveness 
of a Tree Popper® (Fig. 1) to mechanically uproot 
woody seedlings and saplings of eight dominant 
species (viz. Dichrostachys cinerea, Euclea 
crispa, Ehretia rigida, Gymnosporia buxifolia, 
Vachellia karroo, V. nilotica, V. tortilis and 
Ziziphus mucronata). We used plant height to 
differentiate between seedlings and saplings (i.e., 
trees taller than 1 m were considered saplings). 
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The effectiveness of a Tree Popper® to control 
unwanted young plants was assessed during the 
wet season after a rainy event. Individual plants 
were grouped into three height classes (i.e., 0-49 
cm; 50-99 cm; 100-150 cm) of 10 seedlings per 
species per height class. At the second site, there 
were no D. cinerea and V. nilotica saplings in the 
100-150 cm height class. Juvenile plants that were 
uprooted by the Tree Popper® were recorded as 
successfully removed and those that were either 
not removed or broke at the bottom of the stem 
were recorded as unsuccessful. A single person 
of 70 kg body weight carried out the removal of 
seedlings. 

We used multivariate analyses of covariance 
(MANCOVA) to test the effects of tree species, 
stump diameter, herbicide application and tree 
removal treatments on the resprouting ability and 
vigour of the trees. We used linear regression to 
determine the relationship between resprouting 
ability of the trees and stump diameter. A two-
factor ANOVA was used to determine whether 
there were significant effects of tree species and 
tree height on the number of juvenile plants 
uprooted by the Tree Popper®.

Results
We found a significant effect of tree removal on 
resprouting patterns of the tree species (Wilks’ 
λ = 0.971; F = 1.705; P < 0.039). There was a 
significant effect of stump diameter on resprouting 
patterns of 10 of the 12 tree species (Wilks’ λ 
= 0.885; F = 29.383; P < 0.001). Furthermore, 
we observed a significant negative relationship 
between stump diameter and shoot production on 
the trees. We found a significant effect of herbicide 
application on the resprouting patterns of five of 
the 12 tree species (Wilks’ λ = 0.819; F = 50.798; 
P < 0.001).

We found significant differences in the number 
of juveniles removed using the Tree Popper® (P 
< 0.05) among species, with a higher number of 
juveniles removed for E. crispa, E. rigida, G. 
buxifolia and Z. mucronata than for D. cinerea, V. 
karroo, V. nilotica and V. tortilis.

Discussion 
All the tree species in this study resprouted 
following cutting, demonstrating their ability to 
regenerate from the damaged tissues. Our results 
are consistent with findings of similar studies 
demonstrating abilities of woody plants to resprout 

after disturbances (Shackleton 2001; Bond and 
Midgley 2001).

The various intensities of tree-removal applied 
in this study were not important determinants of 
resprouting ability (shoot production) and vigour 
(shoot length and shoot diameter) of 11 of the 
12 species examined. This may be attributed 
to the distribution pattern of woody plants in 
savanna rangelands (Mureva and Ward 2016) 
where competition for resources (particularly soil 
moisture) among savanna trees usually results in 
reduced tree densities and sizes, and leads to a 
more regular pattern of tree distribution (Pillay 
and Ward 2012).

We predicted that larger stumps would show a 
greater resprouting ability than smaller stumps. 
However, we found that shoot production 
decreased with increasing stump diameter of the 
study plants, except for Ehretia rigida. Similar 
studies have demonstrated that the effectiveness of 
resprouting differs according to tree age, which is 
usually measured by stem diameter at the time of 
disturbance (Sands and Abrams 2009).

Herbicide application significantly reduced the 
resprouting abilities of D. cinerea, E. rigida, V. 
robusta, and Z. mucronata. Although herbicide 
application significantly reduced shoot length 
and leaf production of V. tortilis, it did not affect 
the resprouting ability (i.e. shoot production) 
and diameter of the leader shoot of this species. 
Furthermore, herbicide application had no 
significant effect on the resprouting ability of 
seven species tested (E. crispa, G. buxifolia, 
P. capensis, S. lancea, V. caffra, V. karroo, V. 
nilotica), inconsistent with our prediction that 
herbicide application will significantly reduce the 
resprouting ability of all cut stumps regardless of 
species. A possible reason for the inconsistency of 
the effects of herbicide application across species 
may be attributed to the amount of picloram 
applied to the cut stumps and time of application 
for each plant species. 

Our prediction that weed wrenches such as Tree 
Popper® may be an effective mechanical tool 
to control woody plant seedlings and saplings 
was partially supported by our results. We also 
predicted that the effectiveness of the Tree 
Popper® would differ among tree species due to 
differences in rooting systems. The majority of 
Vachellia trees, regardless of species, were either 
not successfully uprooted or broke at the bottom 
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of the seedling stem. This may be because many 
Vachellia species have a long taproot to access 
ground water (Kambatuku et al., 2013). This kind 
of root system makes it difficult to uproot seedlings 
of these species.

In conclusion, our findings provide evidence that 
woody species in this study area are capable of 
resprouting after cutting. However, tree removal 
was not a major determinant of resprouting success 
in this study. The effects of herbicides to prevent 
tree stumps from resprouting are species-specific, 
and are unlikely to be affordable to communal 
ranchers. We found that stump diameter was 
the most important factor affecting resprouting 
capabilities of woody plants. Woody plants are 
more likely to resprout and survive disturbances 
as juveniles than as adults. Although the Tree 
Popper® was not effective in controlling the 
Vachellia species that are responsible for much of 
the woody plant encroachment in southern Africa 
(Hoffman and Ashwell 2001), it was adequate for 
control of D. cinerea, another major encroacher in 

the region. The results provided a scientific basis 
for deciding whether a Tree Popper® is a viable 
rehabilitation tools for managing tree seedlings 
in communal rangelands. Further development 
of hand-held tools may revolutionize mechanical 
bush-control measures, particularly in developing 
countries with limited economic resources. This 
information can be used to inform land managers 
and communal ranchers regarding more effective 
approaches for controlling density of young trees 
in savannas.
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Abstract
Herbaceous vegetation in grassland ecosystems is characterised by grass dominance in a species-rich 
forb-grass mixture. Forbs (i.e. the non-graminoid herbaceous component) represent the largest proportion 
of total species- and functional richness, which secure important ecosystem functions. Although grasses 
remain the most important forage source, certain forb species provide nutritious food sources for 
herbivores. Moreover, forbs provide food- and habitat sources to enhance invertebrate diversity and 
hence, agricultural food security through the maintenance of healthy pollinator communities. Important 
food and medicinal sources for human livelihoods in developing countries are also largely contributed by 
forbs. However, the dynamics and ecology of forb species are poorly understood in rangeland systems. 
Increasing global pressures are threatening the hyper-diverse grassland ecosystems (including African 
savannas) and in particular the diversity of the forb flora. The sub-ordinate role of forbs in savanna 
and grassland rangeland management practices led us to accumulate evidence of important ecosystem 
functions and services provided by this diverse life form. In this study, we present results that were 
obtained from several independent studies in which forb data were collected and analysed as an equally 
important herbaceous life form, to contribute to our current understanding of the ecology of grassland 
ecosystems. Our results revealed evidence of forbs as important forage for large African mammalian 
herbivores, including domestic cattle, during periods when other forage resources are severely limited. 
However, sustained overgrazing can severely deplete forb populations and diversity. Forbs as grazing 
indicators have been identified as the basis of a proposed forb-condition scoring method for mesic 
grasslands. Furthermore, the importance of intermediate disturbances, such as moderate grazing and/or 
the maintenance of crop field margins were identified for invertebrate community conservation. Studies 
on useful indigenous plants exposed forbs as an important life form to provide food- and medicinal 
resources to human livelihoods in African grassland ecosystems. 

Introduction
The understanding of herbaceous vegetation 
ecology stands central to the management of 
grassland ecosystems globally. Despite their 
richness and abundance in the herbaceous 
layer, forbs are weekly represented in grassland 
management strategies (Siebert and Dreber 
2019). In rangeland condition assessments, forbs 
are often classified as the ‘non-grassy, Increaser 
II’ component of the herbaceous layer (Scott-
Shaw and Morris 2015) and yet they provide a 

wide array of important functions and services 
(Siebert and Dreber 2019). Furthermore, forbs are 
acknowledged as important forage items to certain 
African game species, while forb consumption 
by domestic cattle at certain times of the year is 
frequently observed and documented (Veblen et 
al., 2016). Forbs furthermore provide nutritious 
forage for insects (Siebert and Terblanche 2020) 
and hence, play an important role in pollination-
driven food security. Such evidence is however, 
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loosely defined for ‘forbs’ as an entire life form 
group with little reference to species-specific 
functions. Considering the rich forb flora of 
grassland ecosystems, species-specific functions 
and services, and their responses to disturbances, 
stress and management regimes should be treated 
equally important as grasses, for which species-
specific responses are well documented and clearly 
defined in grassland ecosystems.

In this study, we aimed to summarise certain 
functions and services identified from several 
independent grassland studies from South Africa, 
in which forb species data were collected and 
analysed as an equally important life form.

Forb species- and functional diversity

Forbs in grassy ecosystems can contribute up to 
80% of the total richness in the herbaceous layer 
(Siebert and Scogings 2015). Species richness 
provide trait-based redundancy, as was reported 
in a semi-arid grassy ecosystem where perennial 
palatable forb (PPF) and grass species alternated 
their dominance in response to grazing pressure 
and rainfall (Van Coller et al., 2018). Thorough 
floristic surveys of the herbaceous layer can 
therefore provide valuable insights into ecosystem 
functioning and resilience.

Forbs have an extensive collection of disturbance 
tolerant- or avoidance traits that span across the 
wide array of plant families represented by this life 
form. In semi-arid and arid grassy biomes, forbs 
are well equipped to tolerate or avoid the effects 
of extended dry periods or drought events (Siebert 
et al., 2020). A variety of underground water and/
or carbon storage organs, belowground and soil 
surface buds to enhance their resprouting capacity 
(Siebert et al., 2019), and drought avoidance 
strategies through the maintenance of a viable, 
dormant seed bank (Siebert et al., 2020), are 
only some examples how forbs are functionally 
equipped to withstand natural disturbances. 
Conversely, certain forb species are strongly 
dependent on natural disturbances. Post-fire or 
post-drought phenological traits, and fire- or 
herbivory-dependent seed germination or dispersal 
mechanisms (Wigley et al., 2020), explicate the 
dependency of certain forb taxa on such natural 
disturbances. 

Forbs as foraged items for large herbivores

Forbs are known as nutritious food items for mixed 
feeders and domestic cattle, although species‐

specific selection, palatability and digestibility is 
less known (Siebert and Dreber 2019). Similar 
to trees and shrubs, browsed forb species, such 
as Blepharis integrifolia, may adapt their growth 
form from erect (in the absence of herbivores) to a 
prostrate form  producing abundant flowers armed 
with spiny bracts that also cover the nutritious 
leaves. The role of forbs in providing alternative 
nutritious food resources when grasses are 
depleted, e.g. during a drought or in overgrazed 
rangelands, are not well documented. Preliminary 
results from a DNA metabarcoding study 
identified forb species from the Convolvulaceae 
and Malvaceae plant families as important forb 
forage items in the diet of native African mixed 
feeders and domestic cattle during a dry season 
(Siebert et al., unpublished data).

Mesic forbs as grazing indicators

Herbaceous forb species far outnumber (5-6 
x) grasses in the densely tufted, productive, 
mesic grasslands in the summer rainfall regions 
of South Africa (> 650 mm a-1). Many of the 
mesic grassland forbs are geophytes possessing 
underground bud and energy storage organs 
(USOs) - ranging from woody rootstocks and 
rhizomes to more substantial corms and bulbs 
-  that enable them to tolerate recurrent frost, 
dormant-season fire, and dry spring periods (Bond 
and Parr 2010). Despite having most of their 
biomass ostensibly protected underground, mesic 
forbs are vulnerable to herbivory (Scott-Shaw 
and Morris 2015; Chamane et al., 2017), with 
chronic heavy stocking with livestock markedly 
reducing forb species abundance by up to 85 % 
(from 50–55 to 10–20 species per 100 m2). Certain 
mesic forbs are particularly sensitive, declining 
with sustained herbivory, whereas mostly non-
native ruderals along with only a few indigenous 
forbs benefit from sustained overgrazing. The 
former species have been classified as Decreaser 
(that decline with overgrazing), and the latter as 
Increaser (that increase with overgrazing) grazing 
indicator species for use in assessing the impact 
of grazing on the ecological condition and plant 
species diversity of mesic grassland (Morris and 
Scott-Shaw 2019). 

Decreaser indicator forbs decline because of leaf 
and shoot damage by trampling and/or grazing 
(Chamane et al., 2017). Forbs with erect growth 
form are most sensitive, and prostrate forbs are 
most resistant, to herbivory (Chamane et al., 
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2017; Morris and Scott-Shaw 2018; Chamane et al., 2019). Most erect species are Decreasers, whereas 
prostrate species are typically Increasers because they tend to escape extensive leaf and bud damage 
(Figure 1). Frequent loss of leaf tissue during the growing season can diminish the USOs of mesic 
forbs, thereby reducing their regrowth potential and probable long-term survival in overgrazed mesic 
grassland (C Morris, unpublished data; Chamane et al., 2019).

Figure 1: The distribution of mesic grassland forb growth forms across Decreaser (DEC) and Increaser 
(INC) grazing indicator species (data from Morris and Scott-Shaw 2019; Chamane et al., 2017). Point 
of leaf emergence is either cauline (from stem) or radical (at or below ground) and plant orientation is 
either erect or prostrate.

Forbs as insect hosts plants

Large-scale cultivation, mining and urbanisation 
lead to plant diversity decreases in grassland and 
savanna ecosystems as a result of habitat loss 
and land transformation (Muller et al., 2021). As 
forb species provide important provisioning and 
regulating services which are important to maintain 
arthropod biodiversity in these altered habitats 
and vice versa (Potts et al., 2010), forb loss has a 
cascading effect in higher trophic levels involving 
insects. Forbs species from wildlife conservation 
areas have proven to be specific hosts for butterfly 
larva and this interaction is delicately maintained 
by megaherbivores that suppress the grass layer 
(Siebert and Terblanche 2020). The interactions 
of forbs and insects are not always positive and 
some disservices are well known. Some forbs act 
as refuges for pest species during unfavourable 
conditions (Moolman et al., 2014) or displace 
grasses which provide important habitat structure 

for predacious arthropods such as spiders (Botha 
et al., 2017). It is therefore important to consider 
which arthropods need to be enhanced or restricted 
in an ecosystem when forbs are managed within a 
landscape. Managing for specific plant genera or 
families may therefore benefit specific arthropod 
trait groups at the expense of others (Skaldina 
2020).

Grassland forbs with food and medicinal 
properties

Wild leafy vegetables are commonly herbaceous 
plants, whose leaves, tender shoots, flowers, 
fruits, seeds and sometimes roots are edible (Ntuli 
2019). They are fortified with carbohydrates, 
micro- and macronutrients, vitamins and proteins 
that are essential for human health (Tanor et al., 
2020). Such vegetables include both annual 
and perennial forbs that occur in grasslands and 
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savanna vegetation, as well as in cultivated areas 
or fallow fields (Ntuli et al., 2012, Mncwango et 
al., 2020). The growth forms range from erect, 
decumbent to climbing (Ntuli et al., 2012). Leaves 
and shoot tips are the commonly consumed parts 
in leafy vegetables, with the inclusion of flowers, 
fruits and seeds to a lesser extent. Some forb 
species provide multiple services. For instance, 
Amaranthus thunbergii, a leafy vegetable forb 
species, is also used as livestock fodder (Eshete et 
al., 2016) and as a medicinal infusion taken orally 
as a vermifuge and to cleanse blood (Moteetee and 
Van Wyk 2011).

Conclusions
The growing awareness of the crucial ecological 
role that forbs play in grassland requires that 

management of these grasslands be aimed not just 
at maximising productivity of grasses in the sward, 
but also at maintaining the diverse grassland 
forb populations that provide a myriad of goods 
and services. Forb traits and indices should also 
be included in the assessment and monitoring of 
the functional integrity of grassland ecosystems. 
Considering that our current understanding of 
grassland ecology has been built upon solid 
foundations of species-specific research on grasses, 
similar fundamental species-specific research on 
forbs are envisaged to contribute to an improved 
understanding of grassland ecology and hence 
its restoration, conservation and management for 
long-term sustainability in the face of complex 
global change.
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Abstract

Plant functional group (PFG) diversity in grassland is an important measure of productivity and health. 
The shift in PFG composition is a significant change resulting in many ecological consequences such as 
litter composition and dynamics. These compositional changes can result in variation heterogeneity of 
community PFG composition. The study’s overall objective was to investigate the effects of three species 
of litter representing different successional stages of grassland on the dynamics of PFG structure. The 
study was conducted in the continental monsoon climate, the Qinghai-Tibet Plateau Research Base of 
Southwest Minzu University, China. The study found that the litter addition significantly impacted the 
PFG characteristics. However, these impacts varied with litter species, the mass of the added litter and 
the type of PFG while litter addition did not impact the plant species richness of grasses, sedges, and 
legumes, but forbs decreased with the increasing mass of added litter (P<0.05). The relative biomass 
and coverage of grasses and legumes significantly increased with the growing mass of added litter. 
However, the coverage of the relative biomass and forbs significantly decreased with increased litter 
mass (P<0.05). The study concluded that the likelihood of interactive relationships between litter mass 
and litter species of the different stages at PFG characteristics could provide insights for the sustainable 
management of grasslands.

Introduction

Plant functional group (PFG) diversity in a 
grassland is an important measure of productivity 
and health. Litter is known to be major driving 
factors of soil-grass feedbacks in natural grassland. 
The shift in PFG composition is a significant change 
that can result many ecological consequences 
such as litter composition and dynamics (Dong et 
al., 2019). Decomposition of litter can affect the 
nutrient and allelochemicals cycling of soil, which 
affects seed germination and establishment of 
seedlings (Yuan et al., 2015). Furthermore, PFG 
characteristics can vary via inputs of the quality or 
quantity of litter (Galvánek & Lepš, 2012). These 
compositional changes can result in variation 
heterogeneity of community PFG composition. 
More recently, alpine grasslands have undergoing 
retrogressive succession of spread and dominance 
by unpalatable noxious weeds, accumulating large 
amount of litter (Tang et al., 2015). However, 
quantitative tests of their importance in community 
dynamics are lacking, and their effects on the 

PFG characteristics of this special ecosystem 
are unknown. In this study, we investigated the 
effects of three species litter representing different 
successional stages of grassland on dynamics 
of PFG structure. Our aim was to elucidate the 
potentially interactive relationships between 
litter mass and litter species of different stage at 
PFG characteristics that can provide insights for 
sustainable management of grasslands.

Materials and Methods
The study was conducted at the Qinghai-Tibet 
Plateau Research Base of Southwest Minzu 
University (31°47’34” N, 102°33’07” E, 3485 
m.a.s.l.), China. The study area belongs to 
continental monsoon climate. Annual mean 
temperature is 1.4°C and mean annual precipitation 
is 791.95mm. The soil type is classified as Mat 
Cry-gelic Cambisols. A randomized complete 
block design was used in the experiment with four 
replications of each treatment. Each plot was 2 * 
2 m and the buffer of each plot was 1 m. During 
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the early plant growing season in May 2019, we 
added five levels of litter mass (0, 100, 200, 400 
and 600 gm-2) of Elymus nutans (En), Kobresia 
setchwanensis (Ks), Ligularia virgaurea (Lv). PFG 
(grasses, sedges, legumes and forbs) composition, 
coverage, height, aboveground biomass were then 
measured by randomly selected 0.5 * 0.5 m sample 
quadrats within each plot during the peak growing 
season in mid-August 2019. We used ANOVA to 
test statistically significant effects. Means were 
separated by the LSD test at the 5% probability 

level, using SPSS software version 20.5 (SPSS 
Inc., Chicago, IL, USA).

Results & Discussion 
We found that litter addition significantly 
impacted the PFG characteristics however these 
impacts varied with litter species, the mass of the 
added litter and the type of PFG (Figure 1). Litter 
addition did not impact the plant species richness 
of grasses, sedges and legumes but for forbs 

decreased with increasing mass of added litter (P<0.05). Species richness of forbs were significantly 
higher in Ks litter addition than Lv (P<0.05) (Figure 1a). Greater litter mass addition may reduce species 

recruitment and seedling establishment of forb, 
other functional groups are clonal plants and will 
not be affected. Litter addition had no significant 
effect on plant height of all PFGs (Figure 1b). 
The relative biomass and coverage of grasses and 
legumes significantly increased with the increasing 
mass of added litter, while the relative biomass 
and coverage of forbs significantly decreased with 
increase litter mass (P<0.05). The reduction in 
forbs relative biomass was partly attributable to the 
decrease in the coverage for the forbs. The greater 
coverage of litter mass increased the physical and 
chemical effects of litter inhibit 

Figure 1. The effects of litter addition on species 
richness(a), height(b), relative biomass(c), relative 
coverage(d) of PFG.

the growth of vegetation, thereby reducing the 
coverage of forbs. In addition, litter addition caused 
competitive species (grasses and upper layer forbs) 
to grow rapidly, suppressing the forbs biomass 
accumulation of species located in the lower 
layer of the plant community. As a consequence, 
plant functional composition (relative biomass 
and relative coverage) was altered. The relative 
biomass and coverage of sedges were significantly 
higher in Lv addition than Ks and En. The relative 
coverage of grasses was significantly lower in Lv 
addition than Ks and En (P<0.05). The physical 
and chemical differences of litter type may produce 
differences in decomposition and plant community 
structure. Thus, the different feedback for different 
functional groups by litter type, it is possible that 
changes in light, nutrient and allelochemicals 
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availability that were caused by the litter, drove a shift in vegetation composition by impacting on 
recruitment and on plant growth. 

Conclusions & Implications
Our study demonstrates that litter species and mass are major drivers that influences the PFG composition 
in an alpine grassland, highlighting the importance of litter in maintaining grassland PFG structure 
and ecosystem functions. Litter dynamics may have the potential to shift PFG succession of the plant 
community, as the vegetation-litter feedbacks in alpine grasslands in the QTP can provide insights for 
use of litter and improvement of grassland ecosystem.  
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Abstract
Puna grasslands are located at a high‐altitude flat plateau in the Northwest of Argentina. It is an arid 
territory (100 to 300 mm rainfall/year) at 3,000 to 4,000 m a.s.l. The vegetation is scarce, where Andean 
pastoralist communities produce meat and wool, specialized in llama (Lama glama) and sheep‐breeding, 
although they do breed multi‐species herds that may also include goats and cattle. There are erosion 
processes in the Puna, where shepherds and their animals could be synergetic factors with natural very 
hard climatic conditions. In this work we assess the effect of ovine and lama grazing on the plant 
communities in the Puna grasslands.

Considering that stockyards are used in a very complex way along the year, having differences between 
those used in winter or in summer, or used for many months or only one month, etc. we built up a 
Grazing Pressure Index taking in account all these factors in each sampling point. We sampled 28 
paired transects (14 in sites with high grazing pressure, and 14 in sites with low grazing pressure) in 2 
different ecological sites (grassy grassland and shrubby steppe). Focusing our work on the community 
functionality, we analysed Plant Functional Types (PTF) measuring their cover, richness and diversity. 
Our results do not show significant differences on PFT cover, richness or diversity between sites at 
different grazing pressures. It could be the result of 
a low grazing pressure or a long grazing pressure 
history that had configured the TFP associations. 

Introduction
Puna grasslands are located at a high‐altitude flat 
plateau in the Northwest of Argentina, near the 
Cordillera de los Andes (Turner and Mon 1979; 
Hong et al., 2018). It is an arid territory (100 to 
300 mm rainfall/year) at 3,000 to 4,000 m a.s.l. 
(Cabrera 1957), included into the “Dry Puna 
Type” (Carilla et al., 2018). The vegetation is 
scarce, dominated by a shrubby steppe, where 
Andean pastoralist communities produce meat 
and wool, specialized in llama (Lama glama) and 
sheep‐breeding, although they do breed multi‐
species herds that may also include goats and 
cattle (Quiroga Mendiola and Cladera 2018). 

Some approaches in ecology state that a 
disturbance like grazing pressure on arid 
ecosystems should cause negative changes on 
landscapes like erosion and plant species loss. 
Usually the recommendations to prevent soil 
erosion and plant species loss are based on 
livestock reduction. A more complex standpoint 
is used here to better understand the relationship 
between pastoralism and natural vegetation in the 
Puna of NW Argentina. In this work we aimed to 

study the relationship between grazing pressure 
and the natural grasslands status. We assess the 
structure and cover of plant functional types 
assembles in relation with (1) the proximity from 
grazing shelter and (2) a grazing pressure index 
(GPI) estimated taking into account many variable 
strategies that families have in accord to their field 
condition: water availability, relief, vegetation, 
exposition, seasons, frost time and main winds, 
etc. and plus, the communal land that is ruled by 
their own use agreements. 

Materials and Methods:
This study was carried out in Suripujio, a little 
aboriginal herder’s community in Yavi Jujuy 
Province, NW Argentina, close to Argentina-
Bolivia’s frontier. Natural grasslands are managed 
through short transhumance changes between 
two different ecological sites (ES). These are 
the so-called “Ciénego” (a high altitude grassy 
grassland with permanent or semi-permanent 
water fluxes) and the “Tolar” a dry steppe with 
patchy vegetation, dominated by short shrubs 
(Baccharis sp and Fabiana sp). Each family has 
several stockyards inside each ecological site, and 
makes varied movements ruled by many different 
environmental, climatic or socio-economic criteria 
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(Quiroga Mendiola 2015). 

In order to capture ecological functionality 
changes, we utilized Plant Functional Types 
(PFT). This approach is appropriate to understand 
ecological functionality of an ecosystem (Díaz 
et al., 2002). We collected and identified all the 
species present in the study site. Each species 
identified was described in accord with 11 
principal vegetation traits that results from arid 
environments and grazing pressure (Cornelissen 
et al., 2003). We used 8 plant traits: bioform 
(herbaceous dicots; graminoids; etc.); life cycle 
(annuals or perennials); Raunkiaer life form; 
plant growth form (short basal; erect leafy; 
pulvinate; etc.); plant height; clonality; spinescens 
and pubescence; and 3 leaves traits: presence/
absence; longevity (perennial or deciduous) and 
sclerophylly. We applied hierarchical clustering 
analysis, using a final matrix of 71 species, 11 
traits (Standardized data and Average Linkage 
with Euclidean distance, INFOSTAT 2007). 

1. First we tested vegetation response in relation 
with the proximity of grazing shelter, assuming 
that in far samples grazing pressures are lower 
than in near samples.

2. Then we built one Grazing Pressure Index 
using 8 variables taking into account 
that herders use ecological sites in many 
different ways: Occupancy: there are shelters 
abandoned many years ago, so we state 7 
occupancy ranges from not occupied more 
than 20 years=1, to actually occupied = 7. 
Season of Use: Spring and Autumn are critical 
seasons for natural grasslands, so the values 
assigned were: Summer/ Winter= 1; Autumn/
Spring= 2. Season length use (Number 
of days). Number of animals per species: 
Ranges 1 to 7 (less than 50 to more than 300 
individuals). Livestock species: sheep is an 
exotic species (value=1), instead the native 
Lama glama is considered better adapted to 
the Puna grasslands (value=0.5). Number 
of field rests along the year (or number of 
movements between stockyards): there are 
2 to 6 movements depending on the diverse 
families´ strategies. All this information was 
collected in land through walking in field 
interviews.

Grazing Pressure Index (GPI) on each sample 
point is= Grazing Pressure Rate /log10stockyard 

distance; where Grazing pressure rate= A/f, and 
A= [a (b*c) * (d*e)] +1.

We sampled 14 paired transects of 30 m length (7 
in sites at high grazing pressure 100 m stockyard 
distance, and 7 at 700 m stockyard distance, that 
means, low grazing pressure) on each ecological 
site (“Ciénego’’ and “Tolar”). On each transect 
we measured lineal cover of each species, rocks, 
mulch or feces (Matteucci and Colma 1982). 
Field work was carried out at the middle to end 
of summer, when vegetation is in their better 
expression. We analysed each Ecological Site 
separately and considered only these PFT that 
were well represented in each site (PFT cover ≥ 
10%). We explored cover variation at low and 
high grazing pressure (shelter proximity), using 
Wilcoxon test for paired samples. We explored the 
GPI using generalized linear models (GLM). We 
used Binomial distribution of errors for percentage 
variables, and Poisson distribution for counting 
variables. We used the compare_mean function 
of ggpubr package (Alboukadel Kassambara, 
2020), the glm function, package and the Tidiverse 
package (Wickham et al., 2019) of free program R 
4.0.0 (R Core Team, 2020).

Results
We found 8 Plant Functional Types: TFP1: 
succulent prickly plants, (Cactáceas); TFP2: 
aphylle shrubs; TFP3: shrubby phanerophytes, 
perennial leaves and dissemination by seeds; 
TFP4: shrubby nano phanerophytes, sharpy bracts, 
dissemination by seeds; TFP5: shrubby clonal 
phanerophytes, perennial leaves; TFP6: herbaceous 
dicots, short basal growth, sclerophyllous 
deciduous leaves, pubescent, sharpy bracts, non-
clonal; TFP7: herbaceus, grasses and graminoids, 
long-lived, hemicryptophytes, tussocks, deciduous 
leaves without thorns, glabrous, rhizome or seed 
dissemination and TFP8: herbaceous dicots, 
hemicryptophytes, camephytes o therophytes, 
short basal growth, dissemination by seed or 
stolons not prickly and glabrous. 

Ciénego has a total cover around 70%, dominated 
by TFP7 (67% of total cover) and TFP8 (33%). 
Tolar total cover is 50%, and it is more diverse: 
TFP8 (42%), TFP5 (27%) TFP3 (14%) and TFP7 
(11%).   

1) Grazing pressure and PFT richness and 
cover in plots near and far from shelters: 
Total cover, PFT richness, TFP7 (grasses 
and graminoids) and TFP8 (herbaceous 
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dicots) cover did not show significant differences in far and near transects in Ciénego (Fig.1 a, 
b, c y d). Also TFP2 (very palatable species) didn´t show significant differences between near 
and far samples (Fig. 1 e). In Tolar total cover had a slight tendency of being lower at far than 
near samples (Fig. 2a), while PFT richness and PFT7, PFT8, PFT3 y PFT5 cover did not show 
significant differences (Fig. 2 b-c- d-e- f). 

 
Relation GPI/PFT cover and richness: Total cover was linearly and positively related to GPI in 
Ciénego (Fig. 3a), and diminishes at intermediate GPI values in Tolar (Fig. 4a). PFT richness was not 
related to grazing pressure in both ecological sites (Fig.3b and Fig. 4b). In Ciénego dominants PFTs 
and PFT2 are not affected by changes in GPI (Fig. 3 c-d-e). There are no significant effects in Tolar by 
GPI augmentation for PFT7 cover (Fig. 4c), while the lower PFT8 cover was registered at intermediate 
pressures (Fig. 4d). PFT3 (non-clonal shrubs) cover shows a slight tendency to diminish with GPI 
augmentation, and TFP5 (clonal) cover decreases with GPI increase (Fig. 4f).

Figure 1: Total cover, PFT richness, and dominant 
PFT dominant PFT cover between samples near 
and far shelters of shelters in Tolar

Figure 2: Total cover, PFT richness, and cover 
between samples near and far.

Figure 3: Total cover, PFT richness, PFTs in relation 
to the grazing pressure index in Ciénego in Tolar

Figure 4: Total cover, PFT richness, in 
relation to the grazing pressure index
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Discussion
In grassy grasslands total cover and grasses, 
graminoids and herbaceous dicots cover increases 
at higher grazing pressures. It could be explained 
because of the effects of organic fertilizer (feces) 
and soil removal by livestock, creating microsites 
for regeneration. Besides, it could be expressed as 
a kind of co-structuration (Pucheta et al., 1997; de 
Knegt et al., 2008), called by Andean aboriginal 
cultures “mutual-breeding” between pastures and 
livestock (Rengifo Vazquez 2003). Clonal and 
non-clonal shrubs cover diminish with grazing 
pressure increase, evidencing the sensibility 
of these shrubs to anthropic action, probably 
most by their uses as firewood than by livestock 
herbivory. Future studies are possible to separate 
firewood extraction and grazing. In general, our 
results do not show very significant differences in 
PFT cover and richness between sites at different 
grazing pressures. It could be the result of a low 
grazing pressure or of a long grazing pressure 

history that had configured the TFP assemblage 
and cover (Pucheta et al., 1997). The long term 
of co-structuration of pastures and flocks could 
be actually at a kind of equilibrium probably well 
managed by local aboriginal herders, through a 
heritage of ancient knowledge about environment, 
livestock and economy.

It was very useful the Grazing Pressure Index, 
because it allowed us to detect more changes 
and variability of responses than the near/far 
methodology. Plus, GPI is probably more accurate 
to the real conditions of range management. 
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Cornelissen, J. H. C., Lavorel, S., Garnier, E., Díaz, S., Buchmann, N., Gurvich, D. E., Reich, P. B., 
Ter Steege H., Morgan, H. D., Van Der Heijden, M. G. A., Pausas, J. G., and Poorter H.  2003. 
A handbook of protocols of standardised and easy measurement of plant functional traits 
worldwide. Aust. Journal of Botany, 51: 335-380.

de Knegt H. J., Groen T. A., van de Vijver, C. A. D. M., Prins, H. H. T., and van Langevelde F. 2008. 
Herbivores as architects of savannas: inducing and modifying spatial vegetation patterning. 
Oikos 000: 000_000, 2008 doi: 10.1111/j.2008.0030-1299.16403.x, # 2008 The Authors. 
Journal compilation # Oikos 2008 Online Early (OE): 1-OE.

Matteucci, S.D., and Colma, A. 1982. Metodología para el estudio de la vegetación. Secretaría General 
de la O.E.A. Programa Regional de Desarrollo Científico y Tecnológico. Serie Biología. 
Monografía 22, Buenos Aires. 
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Abstract 
Attempts to monitor and mitigate rangeland deterioration in Communal Property Associations projects 
require some understanding of the knowledge of species composition and distribution. The study 
was conducted to compare the herbaceous in three selected CPAs projects (Mashung Matlala - Sandy 
loam, Mawela - clay loam, and Bela-Bela - clay) in South Africa. Mawela and Mashung Matlala CPAs 
were overgrazed. For species density, basal strike, and biomass, three transects (500m), which served 
as replicates, were established at two camps of each of the selected CPAs. Variation in herbaceous 
vegetation parameters was explored through SAS software. Clay soil type had better (P < 0.05) mineral 
concentration levels when compared to other two soil types. Pooled data from all sites revealed that, 
in terms of grazing value, all CPAs share the same amount (33 %) of species. Eragrostis curvula was 
dominant in clay-loam and common in clay and sandy loam. Eragrostis rigidior was common in clay and 
clay loam and rare in sandy loam. Clay soil type had the highest (P<0.05) DM yield (711.8 kg/ha ±54.82) 
and Basal strike (38% ± 3.28) and less forbs (0.46 % ± 0.98). The results suggest that there should be an 
improvement in the utilisation of rangelands in CPA through administering proper stocking rate in line 

with carrying capacity of the rangelands. 

Introduction
Rangeland management affects soil condition and 
land productivity. Communal area rangelands are 
mismanaged resulting in species composition, 
biomass and basal cover changes. Mismanagement 
is characterised by excessive utilisation from 
heavy stocking (Lesoli, 2008) leading to bare soil 
that suffer top soil loss during heavy rains, and 
this affects species composition. The composition 
and distribution of plant species is influenced 
by soil nutrients (Critchley et al., 2002), soil 
type (Ravhuhali 2018) and animal management 
practices (Liu et al., 2012). Common Property 
Association (CPA) farms slightly mimic communal 
rangelands in utilisation practices, and there is 
little knowledge on the spatial variation in grass 
species and their distribution in relation to soil 
type and inherent grazing management practices 
in most of CPA’s grazing lands in South Africa. 
Knowledge of soil type and grazing management 
effect on herbaceous composition and distribution 
is important in developing sustainable grazing 

management plans in CPA farms in South Africa. 
Therefore, the objective of the study was to assess 
the grass species density as influenced by soil in 
selected communal property association projects 
of South Africa.

Materials and methods 
Study site: The study was carried out in 3 selected 
CPAs (Mashung Matlala, Mawela and Bela 
Bela) that are 20 km from each other and differ 
in soil types. Mashung Matlala (Farm obtained 
in 2007; farm size 3404 ha; number of camps -5; 
soil type = Ecca-Sandy loam; altitude- 1100 m; 
coordinates 25° 13’ 13.00’’ S, 28° 24’ 07.05’’ E; 
current number of animals 905; Previous  GC  6 
ha/LSU). Mawela (Farm obtained in 2008; farm 
size 1457 ha; number of camps -16; soil type = 
Hutton-Clay loam; altitude- 1069 m; coordinates 
24° 55’ 43.9’’ S, 28° 10’ 34.48’’ E; current number 
of animals 400; Previous GC- 6.5 ha/LSU). Bela-
Bela (Farm obtained in 2002; farm size 308 ha; 
number of camps -5; soil type = Hutton-clay; 
altitude- 1121 m; coordinates 25° 05’ 10.93’’ 
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S, 28° 14’ 27.28’’ E; current number of animals 
33; Previous GC 5.4 ha/LSU). Mashung Matlala 
and Mawela CPAs were heavily grazed, while 
Bela-Bela CPA was moderately grazed. The areas 
received rainfall ranging from 500-600 mm/
annum, winter and summer temperature of 5°C, 
and 35° C, respectively. The vegetation type is 
Springbokflakte thornveld with acacia species 
dominating the area. 

Biomass determination: In three camps per CPA 
three 500 m transects, 50 m apart and replicated 
three times per camp were used. At 100 m intervals, 
1m2 quadrats were used to collect grass species for 
biomass and grazing capacity (van Oudtshoorn 
2014). Grass species identification: In the same 
transect species were identified and counted 
within 10cm radius at every 50m intervals. Height, 
diameter, basal cover, life form, grazing value and 
ecological status of the species was recorded. 
Occurrence of species was classified as follows: 
dominant->13%, common- >3-13%, rare 1-3 % 
and present- <1%. Soil samples: Samples were 
collected at each 100 m interval in all transects 
at 0-15 depth for minerals, and pH determination 
(Agrilasa, 1998). Statistical analysis: One-way 
ANOVA was used to analyse the data.

Results 
Species frequency: Twenty-seven grass species 
were found across all soil types with perennials 
dominating (89 %) (Table 1 & 2). Grass species 
grazing value distribution among soil types was 
equal (33 % / soil type). In terms of classification 
of species according to occurrence, Eragrostis 
curvula was dominant in clay-loam and common 
in clay and sandy loam. Eragrostis rigidior was 
common in clay and clay loam and rare in sandy 

loam. Aristida congesta was rare (P<0.05) in clay 
loam and equally dominant in clay and sandy 
loam (P>0.05). Digitaria eriantha was dominant 
(P<0.05) (16.68 %) in sandy loam compared to 
clay loam and clay (0 %). DM yield, Basal cover, 
desirability frequency groups, forbs and grazing 
capacity: Clay soil type had the highest (P<0.05) 
DM yield (711.8 kg/ha ±54.82) and Basal strike 
(38% ± 3.28) when compared to all other soil types. 
Forb distribution was less in clay soil than in sandy 
loam soil type. Clay soil type had better (P <0.05) 
grazing capacity when compared to both clay loam 
and sandy loam which were similar. Clay loam and 
sandy loam had the highest (P<0.05) frequency of 
high grazing value as compared to clay. Height and 
Diameter: Eragrositis curvula, Themeda triandra, 
and Aristida congesta had similar height (P>0.05) 
across all soil types. Hyparrhenia filipendula and 
Panicum maximum were the tallest (P<0.05) in 
clay soils. Eragrostis Lehmanniana was the tallest 
(P<0.05) in sandy loam when compared to other 
soil types which were similar. Eragrositis curvula 
and Themeda triandra had the same (P>0.05) 
diameter across all soil types. Aristida congesta 
and Eragrostis Lehmanniana had a broader 
(P<0.05) shoot in sandy loam than in both clay and 
clay loam. Cymbopogon. pospischilii had higher 
shoot diameter than in clay soil type. Clay soil had 
the highest (P<0.05) concentration of C, K, Ca, 
Mg Cu, Zn when compared to two other soil types 
which also differed significantly from each other. 
Clay soil had pH value of 6.40 ± 0.05. Clay loam 
had the highest (P<0.05) concentration of Mn, 
followed by clay (23.1 mg/kg ± 0.293) and sandy 
loam (15.6 mg/kg ± 0.293).

Table 1: Life form, grazing value and abundance 
of grass species based on mean values in three soil 

types (Clay-loam, Hutton, Sandy-loam)

Species Common name L i f e 
form

Ecological 
status

Grazing 
value

C l a y 
Loam Hutton Sandy loam

Cymbopogon pospischilii Giant Turpentine Per Inc i LP C + -

Cymbopogon caesius Turpentine Per Inc iii LP + R -

Eragrostis curvula Wheeping love 
grass Per Inc ii HP D C C

Urochloa mosambicensis Bushveld signal 
grass Ann Inc ii MP D C -

Heteropogon contortus Spear grass Per Inc ii MP C D +

Aristida congesta Spreading Three-
awn Per Inc ii LP R D D

Aristida stipitata Long-awned grass Per Inc ii LP - + +

Aristida diffusa Iron grass Per Inc ii LP - - +
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Panicum maximum Guinea Grass Per Dec HP C C D

Cynodon dactylon Couch Grass C r e 
Per Inc ii HP R - +

Melinis repens Natal Red Top Per Inc ii LP + R R
Eragostis rigidior Curly leaf Per Inc ii MP C C R
Themeda triandra Red grass Per Dec HP R C R
Hyparrhenia filipen-
dula

Fine Thatching 
grass Per Inc i MP + D -

Schmidtia pappopho-
roides Sand quick Per Inc i HP - + R

Inschaemum fascicula-
tum Hippo grass Per Inc i MP - R -

 Hyperthelia dissoluta Yellow Thatch-
ing grass Per Inc i LP - + -

Perotis patens Cat’s tail Ann Inc ii LP - - C
Setaria sphacelata Bristle grass Per Dec HP - - R
Digitaria eriatha Finger grass Per Dec HP + - D
Eragrostis Lehmanni-
ana

Lehmann’s love 
grass Per Inc ii MP + + C

Trungus berteronianus C a r r o t - s e e d 
grass Per Inc ii LP - - +

Pogonarthria squar-
rosa 

H e r r i n g b o n e 
grass Per Inc ii LP + - +

Eragrostis superba Saw-tooth love 
grass Per Inc ii MP + - -

hyparenia hirta Thatching grass Per Inc i MP - - +

Poa Annua Annual blue-
grass Ann Inc ii HP + - -

Enneapogon cenchroi-
des

N i n e - a w n e d 
grass Per Inc ii MP - - +

Forbs C + C

Per= perennial, Cre Per= creeping perennial grass, Inc i= increaser i, Inc ii= increaser ii, Inc iii= increaser 

iii, Dec= decreaser, LP=low palatable, MP=Medium palatable, HP=High palatable, D=dominant 

(>13%), C=common (>3-13%), R=rare (1-3%), P= present (<1%)

Table 2: Grass species composition (%) based on the frequencies of occurrence of dominant and 
common grass species in all soil types. 

Soil type
Species Clay-loam Hutton Sandy-loam SE
C. pospischilii 6.85a 0.40b - 0.40
E. curvula 15.67a 4.95b 3.94b 3.94
U. mozambisens 34.54a 4.44b - 3.89
H. contortus 11.65b 27.12a 0.91c 0.91
A. congesta 3.34b 18.43a 24.44a 3.34
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P. maximum 12.18a 8.34b 30.61a 8.34
E. rigidor 7.54a 4.95a 2.66a 2.21
T. triandra 2.84a 6.37a 2.47a 2.72
H. filipendula 0.26b 16.56a - 0.26
P. patens 0.29b - 4.06a 0.91
D. eriantha 0.29b - 16.68a 0.30
E. lehmanniana 0.26b 0.32b 6.32a 0.26

abc :Shared lower-case superscripts letters within a row indicate a non-significant difference in 
abundance among soil types (P > 0.05).

SE: standard error

Discussion 
Species frequency and distribution: Understanding 
factors influencing species composition is 
essential for sustainable utilisation of natural 
resources (Thammanu et al., 2021). These include 
soil properties, moisture and other anthropogenic 
factors such as grazing habit and stocking rate 
(Sollins 1998; Ravhuhali et al., 2020). Though 
Mashung Matlala CPA (Sandy loam soil type) had 
better species composition, together with Mawela 
clay loam soil type they were overgrazed as inferred 
from corresponding stocking and the grazing 
capacity of the respective overgrazed CPAs. The 
mismanagement of rangelands normally has an 
influence on the herbaceous layers of affected 
areas. Panicum maximum was common across all 
soil types, and its prevalence in both overgrazed 
areas might have been influenced by the growing 
conditions of the species. van Oudtshoorn (2014) 
stated that Panicum maximum favours canopy 
understory layer where there is little or no access 
by ruminants. A similar observation was reported 
by Ravhuhali (2018). Themeda triandra dominated 
Bela-Bela CPA (clay soil). The presence of 
Themeda species in clay soil is an indicator of 
good veld condition (Foran et al 1978). This 
species has higher grazing value and is regarded a 
palatable grass for ruminants. Novellie and Kraaij 
(2010) stressed that Themeda, a decreaser species 
can increase only to better grazing management 
practices with frequent burning. Better grazing 
management practices normally improves veld 
condition and that lead to a high carrying/grazing 
capacity as seen in clay soil and high livestock 
production. Perotis patens was common in sandy 
loam. This species is known as a pioneer and 
aggressive and its presence is an indicator of poor 
grazing management practices (van Oudtshoorn 
2014). Cynodon dactylon was not found in clay 

soil and rare in clay loam and present in sandy 
loam. This highly palatable increaser species was 
expected in heavily grazed areas due to its poor 
accessibility by large herbivores (Ravhuhali 2018) 
due to its creeping growing habit and height (van 
Oudtshoorn 2014).

Biomass, basal strike and frequency of desirability 
groups: Even though clay soil had lower high 
grazing value species, it however, had higher 
biomass, basal strike, less forbs and better grazing 
capacity. Good management and fertility status of 
clay soil might have contributed to better biomass 
when compared to other soil types. Together with 
heavy grazing, less concentration of minerals 
such as phosphorus and potassium in clay loam 
and sandy loam soil type might have significantly 
decreased biomass production (Ohmunn 1981). 
The increase of pioneer species such as forbs in 
both sandy loam and clay loam might be due to 
mismanagement of the land. van Oudtshoorn 
(2015) stressed that overgrazed areas are a breeding 
ground of pioneer species which are of little or 
no ecological value to livestock. In line with the 
results from this study, less forbs were expected 
in clay soil type. The common forbs available in 
sandy loam and clay loam were Conchorus tridens 
L., Amaranthus spinosus L., Sida cordfolia L., Aloe 
and Tragia rupestris. Species such as aloe can be 
an invasive if left unattended and it can be a threat 
to forage availability to livestock (van Wky and 
Smith 2014). 

Height and diameter: Variations in grass species 
height was observed among species. Most of 
grass species (Cymbopogon pospischilii, Panicum 
maximum, Hyperrhenia filipendula) height were 
within the range reported by Oudtshoorn (2014). 
Ravhuhali (2018) reported the same height on 
Cymbopogon pospischilii. The height variation 
among species was expected due to their genetic 
make-up. Msiza et al (2021) stated that the genetic 
variation among grass species contribute to the 
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differences in the morphological patterns of grass 
species. Urochloa mosambicensis, heteropogon 
contortus and Hyperrhenia filipendula in clay soil 
type had a wider shoot/tuft than the same species in 
other two soil types. Diameter of turf is normally 
influenced by the number of tiller available, and 
this gives plant better mechanical support (dos 
Santos Oliveira et al 2019). Laidlaw (2005) and 
Mganga et al (2016) stated that tillers have a direct 
link to the diameter of the plant, and are a crucial 
adaptability plant parts in grasses as they aid plant 
in overcoming both biotic and abiotic stress and 
assist in protecting top soil. 

Soil nutrients: Soil fertility influences species 
composition, distribution, yield and nutritive 
value (Nadeau and Sullivan 2015). There was 
variation in soil mineral concentration with soil 
type. Higher nutrient concentrations were found in 
clay soil type compared with other soil types. As 
stated by Blank et al (2007), when the area is over 
grazed, it normally reduces the availability of C, 
and minerals such as Ca, Na and Mg in the soil 
which may result in reduction of the nutritional 
status of the soil as seen in the clay loam and sandy 
loam soil types in this study. Oudtshoorn (2014) 
highlighted that low profile and shallow soils with 
less nutrients can only accommodate species such 

as pioneer with less nutrient requirement from the 
soil. Clay soil had better pH value of 6.40. Viljoen 
(2012) indicated that pH value found in clay soil 
type can be regarded the best for most grass species 
as it influences the translocation of nutrients to 
the plant and it can affect the interaction among 
nutrients. Lond et al (2006) emphasized the 
relationship between pH and nutrients in such that 
some of minerals tend not be available to plant 
when the soil pH is low whereas some can be more 
available and become toxic to the plant.

Conclusion 
Mismanagement of CPA grazing lands led to 
overgrazing which caused a decrease in palatable 
species. There was less biomass and basal cover 
in mostly heavily grazed CPAs with less carrying 
capacity and high grazing capacity. Most heavily 
grazed areas compromised the availability of the 
nutrients in the soil. The results suggest that there 
should be an improvement in the utilisation of 
rangelands in CPA through administering proper 
stocking rate in line with carrying capacity of 
the rangelands. There is also a need to assess the 
nutritive value of rangelands in these CPAs farms 
in South Africa.
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Abstract
Biodiversity conservation from heavy grazing impacts, through the creation of national parks, is usu-
ally considered to sustain higher ecosystem resilience and to protect the natural plant cover as well 
as the threatened species. The study was carried out in Bou Hedma national park, a biosphere reserve 
containing the unique Acacia tortilis (Forssk.) Hayne subsp. raddiana (Savi) Brenan steppe with trees in 
Tunisia. Several functional traits of seven (7) rare and threatened plant species are used to highlight their 
adaptive strategies in order to understand the evolution of plant communities and the overall ecosystems 
functioning inside the park. Such results may provide many environmental benefits and maintain the 
flora biodiversity under harsh dryland conditions.

Introduction
Increased temperature, variability in rainfall and 
prolonged droughts are the main climatic condi-
tions influencing the dryland ecosystems produc-
tivity (Maestre et al., 2012). These ecosystems are 
threatened both by climate variations and human 
factors. Ouled Belgacem and Louhaichi (2013) 
showed that climate variability and strong human 
activities are the main causes of degradation in arid 
and semi-arid regions. Tunisia, like other north Af-
rican countries, is currently facing degradation and 
desertification of its most fragile ecosystems, such 
as the arid rangelands. The natural vegetal cover is 
suffering from the rarefaction or the disappearance 
of the most palatable plant species and the spread 
of the unpalatable ones (Tarhouni et al., 2010; 
Ouled Belgacem and Louhaichi 2013; Louhaichi 
et al., 2019). To conserve biodiversity and main-
tain the auto-regeneration process of the natural 
ecosystems, Tunisia has created a set of national 
parks in different bioclimatic zones. According to 
Ferchichi (2013), these parks represent the major-
ity (237.000 ha) of the protected areas in the coun-
try (250.000 ha). Bou Hedma national park, which 
contains the unique Acacia tortilis (Forssk.) Hayne 
subsp. raddiana (Savi) Brenan steppe with trees in 
Tunisia, was created in 1980 to preserve arid plant 

communities and fauna. Under protection, the 
plant species developed some adaptive strategies 
to survive. These strategies are supposed to be dif-
ferent from those under heavy disturbances. The 
assessment of several plant-functional traits can 
highlights their adaptations face to different stress-
es and disturbances. The main traits are associated 
with resource acquisition, such as SLA (specific 
leaf area), LDMC (leaf dry matter content) and 
LA (leaf area). Our overall aims are to study some 
functional traits of seven (7) threatened plant spe-
cies inside the park.

Materials and methods 
Our investigations were carried out in Bou Hedma 
national park (34.476102 N, 9.649239 E; Figure 
1), created in 1980 with an area of 16,488 ha. This 
park contains the unique A. tortilis steppe with 
trees in Tunisia and plays a key role in the biodi-
versity conservation of flora and fauna (Tarhouni, 
2003). The park is characterized by an arid biocli-
mate with an average annual rainfall of 300 mm 
and an average temperature of 32 to 36°C in sum-
mer and 4 to 7°C in winter. Seven (7) plant spe-
cies, classified as rare and threatened of extinction 
according the Tunisian regulation (JORT, 2006), 
are founded inside the park from a total of 54 spe-
cies in whole country (Table 1).
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Species Families  IUCN sta-
tus

Status in Tuni-
sia

Acacia tortilis (Forssk.) Hayne subsp. raddiana 
(Savi) Brenan.

Fabaceae VU             R

Cenchrus ciliaris L. Poaceae NE             R
Digitaria nodosa Parl. Poaceae NE             R
Juniperus phoenicea  L. Cupressaceae LC             R
Pistacia atlantica Desf.. Anacardiaceae NT             R
Tetrapogon villosus Desf. Poaceae NE             R
Thymelaea sempervirens Murb. Thymelaeaceae NE             R

Six individuals from each species were randomly 
selected to measure their functional and biometric 
traits during the spring 2017. Six leaves were 
collected from each individual to measure the 
leaf traits. The collected leaves were placed in 
moistened paper, and put in a refrigerator to 
prevent dehydration. In the laboratory, the leaves 
were weighed (to obtain their fresh matter (FM)), 
flattened, fixed and photographed. The photos 
were then analysed using ‘Image J’ software to 
calculate the leaf area (LA). The sampled leaves 
were than oven dried for 48 hours at 60°C to 
obtain their dry matter content (DM). The leaf 
water content (LWC), as a percentage of FM, was 
calculated as LWC = ((FM - DM)/FM) ´ 100. The 
leaf dry matter content (LDMC), in mg. g-1 FM, 
was obtained as: DM / FM (Garnier et al., 2001). 
Specific leaf area (SLA), in cm2 g-1 DM, was 
calculated as: LA / DM. The bio-volume (in m3) 
was calculated as BV = ((4 ⁄ 3) ´ π´ r3) ⁄ 2, where r 
is the average radius of the plant and it is obtained 

 
Figure 1: Geographical location of Bou Hedma 
national park.

as r = ((D / 2) + (d / 2) + h) / 3, with : D is the 
largest diameter, d is the smallest diameter and h 
is the height of species. The canopy cover (CC in 
m²) is the area covered by the aerial organs of each 
species and it is calculated as CC = π ´ r².

Results
Biometric traits

The BV and the CC of the studied species are shown 
in Table 2. BV and CC varied widely between the 
species. A. tortilis showed a high value of BV and 
CC (132.62 m3 and 32.46 m2 respectively). The 
smallest ones were around 0.032 m3 and 0.19 m2 
in T. villosus. The analysis of variance indicates a 
highly significant difference of BV (p=0.002) and 
CC (p<0.01) between the seven species.

Table 2: Bio-volume (BV) and the canopy cover 
(CC) of the studied species inside Bou Hedma 
national park during the spring 2017.

Table 1: Conservation status of the studied species according to the IUCN and the Tunisian regulations. 
VU: Vulnerable, NE: Not Evaluated, LC: Least Concern, NT: Near Threatened, R: Rare.

http://eol.org/pages/8223/overview
http://eol.org/pages/8223/overview
http://eol.org/pages/8223/overview
http://eol.org/pages/4335/hierarchy_entries/57301871/overview
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D. nodosa T. villosus C. ciliaris
P. 

atlantica
A. tortilis

J. 

phoenicea
T. sempervirens

BV (m3) 0.54 0.032 0.33 40.12 132.62 5.83 0.56
CC (m2) 1.25 0.19 0.89 20.08 32.46 5.3 0.57

Leaf traits

Figure 2 shows a high value of leaf area and specific 
leaf area in poaceae family. Leaf area reaches 
6.2, 5.1 and 3 cm2 respectively for T. villosus, D. 
nodosa and C. ciliaris. However, it was around 0.3 
cm2 in A. tortilis, a key plant species of the park. 
For P. atlantica the LA is around 3.9 cm2 followed 
by J. phoenicea (0.2 cm2) and T. sempervirens (0.1 
cm2). Concerning SLA, the maximum value was 
recorded for T. villosus (447,52 cm²g-1) and the 
minimum for T. sempervirens (32,47 cm2g-1).

Figure 2: Leaf area (LA), Specific leaf area  
(SLA), leaf dry matter content  (LDMC) and leaf 
water content  (LWC) of the studied species inside 
Bou Hedma national park during the spring 2017 
(n = 6).

The LWC and LDMC are important factors and 
indicate the plant water status. The results show 
that the poaceae recorded a high value of LWC that 
reaches 65% in C. ciliaris, 53% in D. nodosa and 
42% in T. villosus. However, contrasting results 

are noted for the dry matter content (LDMC). 
ANOVA shows highly significant differences in 
these parameter between species (p <0.01).

Discussion and conclusion 
Plant functional traits are any attributes that have 
significant effects on plant fitness and reflect plant 
adaptation to their local environment (Ackerly, 
2004). A. tortilis, the keystone species of the park, 
shows the highest value of BV and CC. It plays 
a key role in ecosystem functioning and stability. 
This tree was known by its positive effects on 
neighbouring species, under highly stressful 
conditions. It could facilitate the growth of other 
species by improving ecological conditions under 
its wide canopy (Noumi et al., 2011). The species, 
qualified as highly drought tolerant, was expected 
to enhance soil nutrient content and to improve 
the soil structure by adding organic matter 
(Gedda 2003; Abdallah et al., 2008). Moreover, 
the tree reduces the water evaporation from soil 
(Munzbergova and Ward 2002). 

It is probable that LA plays a fundamental role 
in competition for light (Schneider and Huyghe 
2015). It is linked to strategies for the acquisition 
and use of resources by the plant. Our result 
showed that the acquisition of resources is easier 
for Poaceae family since they have high values of 
LA. This concurs with the studies of Schneider 
and Huyghe (2015) showing that grasses have 
advantages for resource acquisition. In the same 
way, Sun and Dickson (1996) argued that grasses 
and shrubs have been found to be competent with 
trees for resources. The LWC is an important 
parameter and indicates the plant water status. C. 
ciliaris recorded the highest water content. These 
results can be explained, in part, by the competitive 
capacity of this species. This concurs with the 
studies of Noumi et al., (2015) showing that C. 
ciliaris, nurse species, competed with Acacia, 
target species, for water resource.

Wilson et al., (1999) noted, “LDMC is a compromise 
between rapid assimilation and growth leading to 
an extreme and effective conservation of resources 
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in the well-protected tissues”. A high content of 
leaf dry matter (LDMC) with a low specific leaf 
area (SLA) tells us about the strong capacity of the 
studied species to retain nutrients for a long time 
under harsh conditions. In this case, the studied 
species can be considered as conservative species. 
Likely, the resistance to drought can be associated 
with the establishment of adaptive strategies to 
survive. Thanks to functional traits, the resistance 

of spontaneous plants to various constraints in arid 
zones, can be easily highlighted and known. 
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Abstract
This trial aims to evaluate floristic composition of most abundant species in three soil typical of Pampa 
biome on Brazil. The survey was held at Maronna Fundation located on southern Alegrete municipality, 
on Rio Grande do Sul, Brazil’s state. Regional climate belongs to Koeppen’s Cfa class. Soil types 
were shallow basalt (Psamments e Orthents), deep basalt (Vertisols) and sandy soil (Acrisols or 
Ultisols). Floristic composition were evaluated by visual ranking of aerial biomass of the major species 
(transformed to kg of dry matter per hectare), calibrated by cuts at ground level, according to field 
procedures of BOTANAL method. Grasses were clustered according to functional groups based on its 
leaf traits as proposed by Cruz et al., (2010). This approach proposed a ranking of grasses that ranges 
from its increasing leaf dry matter, and decreasing specific leaf area, from A to C groups. Total forage 
mass varied according to soil type. Contribution of A, B and C groups on total forage mass range from 
40 to 60 %. Paspalum notatum, from B group, were found on the three soils, being more abundant on 
sandy and shallow basalt soils. Andropogon lateralis, from C group, was dominant on deep basalt soils, 
while Axonopus affinis, from A group, has higher biomass contribution on the same soil. We concluded 
that soil type affected floristic composition, even with this simplified diagnosis criteria.

Introduction
 Pampa biome presents particular flora with great 
biodiversity, around 3 thousand plant species, 
grasses being the most abundant and diverse family 
with about 450 species (Boldrini 2009). There is 
also a great cultural national and regional heritage 
linked to this biodiversity.  Most of Guarani’s aquifer 
lies below Pampa biome region (MMA 2017). 
Since Iberian colonization, free-ranging livestock 
(cattle and sheep) on these natural grasslands had 
been the regional main economic activity.  In 
addition to providing important economic results 
it has allowed natural grasslands conservation, 
and also developed the culture of a unique mestizo 
human type of transnational relevance, the so 
called “gaucho” (MMA 2017).The progressive 
introduction and expansion of crops and forests 
monocultures, mainly soybeans and eucalyptus, 
had greatly degraded and uncharacterized Pampa 
natural grasslands. Therefore, for the maintenance 
of livestock activity and the preservation of this 
biome, it is necessary to use management practices 
appropriate to the environment and animal 
production. One of the alternatives to support 
management is the functional approach. This work 
aimed to evaluate the composition of predominant 
grass species belonging to three main grasses 

functional types (Cruz et al., 2010) in three types of 
soils in the Pampa biome. These functional groups 
could reflect morphogenetic traits that enable the 
species to prioritize resources (nutrients, radiation, 
water use) capture or resources conservation in its 
leaf tissues.

Materials and Methods 
The work was carried out at the Maronna 
Foundation, located at the south of the 
municipality of Alegrete, Rio Grande do Sul state, 
within the Ibirapuitã Preservation Area, on South 
Brazil. In Koeppen’s classification, the region’s 
climate corresponds to the mesothermal, humid 
subtropical type of Cfa class with an average 
annual rainfall of 1350 mm. The treatments were 
three classes of soil: superficial basalt (Regolitic 
Neosols, Regosols, Entisols (Psamments and 
Orthents), deep basalt (Ortical ebamic vertisols) 
and sandstone (arenic dystrophic red argisol, 
acrisols, ultisols). The floristic composition was 
evaluated by visual estimate of the aerial biomass 
(kg of dry matter ha-1) of the species following 
the field procedure of  BOTANAL method 
(TOTHILL et al., 1992), adapted to consider only 
the dominant species that contribute with more 
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than 10% of the total forage mass in each quadrat. 
Sixteen quadrats of  50x50cm were evaluated in 
each type of soil. Four surveys were carried out: 
summer (February 2019), autumn (May 2019), 
spring (October 2019) and summer (February 
2020). With the data obtained, the percentage of 
contribution of species representing the functional 
types proposed by Cruz et al (2010) was calculated: 
functional type A, Axonopus affinis; functional 
type B, Paspalum notatum, and functional type 
C, Andropogon lateralis. According to Cruz et al., 
(2010), the first two groups represent grasses with 
resources capture traits and the last, with resources 
conservation traits. 

Results
Total forage mass and the mass of the evaluated 
species varied according to the type of soil (Table 

1). The contribution of species of functional 
groups A, B and C in the total forage mass varied 
between 40 and 70% of the total forage mass 
for the three types of soils evaluated. Paspalum 
notatum was present in the three soils evaluated, 
predominantly in soils formed over sandstone 
and superficial basalt. Andropogon lateralis is the 
grass that predominates in deep basalt. Axonopus 
affinis showed a significant contribution only in 
this type of soil.

Table 1. Grasses contribution on forage mass 
(FM) in kg do dry matter (DM) per hectare and 
percentage contribution of functional groups 
A, B and C, as described on text, according to 
soil type and evaluated periods along growth 
season (respectively summer, autumn, spring and 
summer).

G r a s s e s 
contribu-
tion  

Andropogon 

lateralis

 Axonopus 

affinis Paspalum notatum   

Soil type Dates

FM 

(kg of 
D M /
ha) % total

FM

(kg of 
DM/ha)

% to-
tal

FM

(kg of 
DM/ha) % total

Total FM

(kg of 
DM/ha)

Total % of 
func t iona l 
groups ABC

05/02/2019 58,8 9,7 0,0 0,0 222,8 36,8 606,1 46,5
S a n d -
stone 16/05/2019 49,5 10,8 0,0 0,0 231,0 50,3 459,0 61,1

07/11/2019 5,6 6,0 0,0 0,0 73,0 78,9 92,4 85,0
07/02/2020 83,9 9,6 0,0 0,0 409,5 46,8 874,9 56,4
average 49,5 9,7 0,0 0,0 234,0 46,1 508,1 55,8
05/02/2019 979,2 45,0 429,6 19,8 94,1 4,3 2174,9 69,1

Deep ba-
salt 16/05/2019 1363,8 45,8 561,8 18,9 32,1 1,1 2974,8 65,8

07/11/2019 195,2 38,8 113,6 22,6 0,5 0,1 502,4 61,6
07/02/2020 1355,1 36,2 476,7 12,7 141,6 3,8 3746,8 52,7
average 973,3 41,4 395,4 16,8 67,1 2,9 2349,7 61,1
05/02/2019 200,0 15,2 0,4 0,0 505,0 38,3 1318,0 53,5

Superf i -
cial basalt 16/05/2019 227,9 15,7 0,0 0,0 392,2 27,0 1453,7 42,7

07/11/2019 24,8 8,4 0,0 0,0 141,0 48,1 293,0 56,6
07/02/2020 3,0 0,1 1,6 0,1 669,9 28,6 2338,3 28,8

 average 113,9 8,4 0,5 0,0 427,0 31,6 1350,8 40,1

Discussion 
The data presented in the previous section indicate 
that the type of soil affects the floristic composition, 
evaluated through the predominant species. These 
results are according to several authors (Cardoso et 

al., 2016; Freitas et al., 2010; Ruggiero et al, 2005), 
that indicates a close association of soil type and 
vegetation physiognomy of natural vegetation in 
other grasslands on Brazil (“pantanal”; “campos” 
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and “cerrado”). Considering the variation of soil 
type patches on the same farm, we can develop 
management strategies that allow increasing the 
efficiency of the use of forage resources according 
to the leaf traits of the main forage species, in this 
case grasses, and as already proposed by Cruz 
et al (2010).  For example, in sandstone soils 
where P. notatum predominates, shorter grazing 
intervals and greater grazing intensity could be 

recommended, without prejudice to the dominant 
grass or the level of animal production. In deep 
basalt, where the conservative grass A. lateralis 
had the higher contribution, larger grazing intervals 
and less grazing intensity should be advocated.
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Abstract
Interindividual differences and their consistency in behavior were investigated for cattle (Bos taurus) 
grazing a bahiagrass (Paspalum notatum) and centipedegrass (Eremochloa ophiuroides) dominated 
pasture as a herd of about 30 breeding cows with their calves. Behavior of the cows was monitored 
directly by observers and also using GPS and accelerometer data loggers attached to focal cows for a 
period of 1–5 days every month during the grazing seasons (from May to October) in 2018 and 2019. The 
data were converted into behavioral variables (e.g. time spent grazing, ruminating and resting, time spent 
in particular areas, and selectivity for grass species). Time budget of the maintenance behavior, spatial 
use pattern, preference for grass species on a daily basis were different among cows consistently across 
the seasons although the behavior varied daily and seasonally in accordance with sward and weather 
conditions, i.e. some individuals showed a particular tendency in some behavioral traits compared with 
others across various environmental situations. The consistent individual behavioral characteristics found 
in this study can be partly explained by age, body size and nutritional and physiological states; otherwise 
considered as personal traits of animals, which may affect their ecological fitness to the environment and 
production performances as livestock and be transmitted to their offspring. Further studies are warranted 
to reveal associations of behavioral traits with fitness or productivity and their transmissibility.

Introduction
Large herbivores such as cattle form a herd. Their 
behavior often synchronizes and coincides, but 
varies among individuals within a herd. Individual 
animals exhibit different behavioral tendencies 
due to differences in traits such as age, sex, body 
size, physiological and emotional states, social 
dominance, past experiences and personality. 
Animal personality and similar concepts such as 
temperament, behavioral syndrome and coping 
style have been found to be associated with fitness 
(Smith and Blumstein 2008) and energy metabolism 
(Biro and Stamps 2010), which support growth, 
survival and breeding success of individuals (Rauw 
et al., 2017). To associate individual behavioral 
differences with personalities, the consistency 
among individuals must be confirmed across 
multiple times, contexts or situations (Mackay and 
Haskell 2015). In behavioral experiments under 
control, the interindividual consistency across 
times (i.e. repeated trials at certain intervals), or 
repeatability, has been often tested and confirmed. 
In field behavioral observations under natural 
or semi-natural conditions, the interindividual 
consistency across years has been confirmed 

(e.g. Howery et al., 1996). In addition, the 
interindividual consistency across contexts (i.e. 
correlations among different behavioral traits) 
have also been reported (e.g. confinement vs. 
rangeland pasture, Wesley et al., 2012; aggressive 
responses to conspecifics vs. to predators; 
dominance vs. leadership, Šárová et al., 2010). 
However, although situations such as pasture 
(sward height and herbage mass and quality) and 
meteorological conditions alter from day to day 
through a year, most of these studies collected 
behavioral data during a relatively short season 
(less than a month in many cases). Few studies 
have confirmed the consistency of behavioral 
differences under grazing across the situations 
(Hirata et al., 2010). Thus, the objective of the 
present study was to evaluate the interindividual 
consistency of behavioral differences in selection 
for grass species, time budget, spatial use 
pattern and activity intensity in grazing cattle 
across seasons. Associations between consistent 
behavioral differences and individual attributes 
(age, body size and nutritional and physiological 
states) were also tested.
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Materials and methods 
The study was conducted in 2018 and 2019 at a 1.1-
ha paddock of a pasture dominated by bahiagrass 
(BG) and centipedegrass (CG) at the Sumiyoshi 
Livestock Science Station (31°59’N, 131°28’E), 
Faculty of Agriculture, University of Miyazaki, 
southern Kyushu. The pasture also contained a 
low cover of Japanese lawngrass (Zoysia japonica; 
JL). In the grazing seasons (May–October) of the 
study years, the pasture was grazed monthly by 
a herd of 27–33 Japanese Black cows and their 
9–15 calves for 3–5 days (0900–1600 hours each 
day). The total duration of grazing was 28 days for 
each year. During grazing time, animals had free 
access to a 0.4-ha resting area that had a drinking 
place and shade trees and were connected with the 
pasture by a single entrance point. Animals spent 
the remainder of the day in a barn connected with 
the resting area. All experimental procedures were 
approved by the Animal Care and Use Committee 
of the university (#2017–004–2 and 3).

Measurements were conducted during each 
monthly grazing period from May to October for 
the two years. Botanical composition and sward 
height of the paddock were measured on the 
previous day of each monthly grazing period at 522 
fixed points. Meteorological data were obtained 
from the observation records at the Miyazaki 
Meteorological Office (31°56’N, 131°25’E; about 
7 km from the study site) (Japan Meteorological 
Agency, 2020). For behavioral measurements, 
focal cows were randomly selected from three 
different age groups excluding cows of which 
estimated calving dates were within the grazing 
season. The cows were identified by marking 
with nontoxic paint spray (Tell Tail Aerosol, FIL, 
Mount Maunganui, New Zealand) on their flanks.

In 2018, behavior of five focal cows (age (mean 
± s.e.): 11 ± 2.0 years; body weight: 455 ± 18 kg) 
was observed during 7 h daily grazing period on 
11 days from May to October. When they grazed at 
the pasture, the plant species grazed was recorded 
every 6 min. Preferences for BG, CG and JL were 
evaluated by Ivlev’s electivity index (Ivlev 1961).

In 2019, activities (grazing, ruminating, resting, 
walking and other behavior, e.g. drinking) of 
twelve focal cows (age: 10 ± 1.1 years; body 
weight: 485 ± 16 kg) were scanned every 5 min on 
11 days from May to October. Proportion of time 
spent on each activity out of the 7 h daily grazing 
period was then calculated. A collar with a GPS 
logger (i-gotU GT-600, Mobile Action, Taipei, 

Taiwan) and a triaxial accelerometer (GDCD 
X16-4, Gulf Coast Data Concepts, MS, USA) was 
attached to the focal cows during grazing periods 
of July–October. Positional and acceleration data 
were respectively obtained at 30-sec intervals and 
at a frequency of 25 Hz. Positional and acceleration 
data for all of the focal cows were successfully 
obtained for 13 days in July, September and 
October and for 8 days in August and October, 
respectively. Proportion of time spent in the 
resting area was calculated from the positional 
data. Vectoral sum of triaxial dynamic acceleration 
was calculated as an indicator of activity intensity 
from the acceleration data. Body condition score 
(BCS) was rated monthly by three observers as an 
indicator of nutritional status using 10-point scale 
where 1 is emaciated and 10 is obese, and mean 
score was used. Data on age, body weight and days 
after calving were obtained from management 
records of the station.

Analysis of variance (ANOVA) was carried out 
to evaluate the effect of animal and day on each 
behavioral measure. Interindividual consistency 
in each behavioral measure was evaluated by 
Kendall’s W. For further analysis, we averaged 
daily values of the behavioral measures by 
individual animal, and used the mean values. 
The associations between consistent behavior 
measured in 2019 and individual attributes (age, 
body weight, BCS and days after calving) were 
evaluated by Spearman’s rank correlation (rs).

Results
Sward vegetation and meteorological conditions

Proportions of BG, CG and JL across the paddock 
were respectively 0.45, 0.47 and 0.09 in 2018 and 
0.42, 0.51 and 0.07 in 2019. Pre-grazing sward 
height was highest in June (mean: 12.6 cm) and 
lowest in October (7.3 cm) in 2018 and highest 
in August (13.6 cm) and lowest in October (8.5 
cm). Average daily temperature during the survey 
periods ranged from 16.6 to 30.7°C in 2018 and 
from 22.7 to 30.7°C in 2019. Daily rainfall ranged 
from 0 to 45 mm in 2018 and from 0 to 31 mm in 
2019.

Differences in behavior and correlation with 
individual attributes

All the behavioral measures were different among 
days (Table 1, P < 0.05, ANOVA). The behavioral 
measures also differed among individual cows (P < 
0.05, ANOVA) except for Ivlev’s electivity index of 
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JL and proportions of walking and ruminating time. 
Interindividual differences were consistent across 
days through the single year (P < 0.05, Kendall’s 
W) except for Ivlev’s electivity index of BG and 
proportions of walking and ruminating time. In 
other words, some cows consistently preferred 
or avoided particular plant species more strongly, 
spent more time grazing, resting and in the resting 
area, and were more active than the others. For 
example, Cow 2622 showed the strong preference 

for CG out of the five focal cows on seven days 
out of the 11 days surveyed (Figure 1). Proportion 
of grazing time was negatively correlated with 
age and BCS (Table 2). Proportion of resting time 
was positively correlated with them because of its 
strong negative correlation with that of grazing 
time (rs = −0.965). Proportion of time in resting 
area and activity intensity were not correlated 
with any other behavioral measures or individual 
attributes. BCS was positively correlated with age 
(rs = 0.619) and days after calving (rs = 0.742).

Table 1:  Descriptive statistics, significance of ANOVA and Kendall’s W of behavioral measures

Variables n Mean SE Min. Max. S i g n i f i c a n c e 
(ANOVA) W

Animal Day
2018

 Ivlev’s electivity index of BG 5 0.015 0.026 −0.083 0.065 * * 0.130 NS

 Ivlev’s electivity index of CG 5 −0.042 0.029 −0.093 0.070 * ** 0.211*
 Ivlev’s electivity index of JL 5 −0.306 0.062 −0.467 −0.144 † *** 0.259*

2019

 Proportion of grazing time 12 0.868 0.011 0.807 0.911 *** *** 0.378***
 Proportion of resting time 12 0.057 0.007 0.024 0.096 *** *** 0.415***

 Proportion of walking time 12 0.039 0.002 0.030 0.050 NS *** 0.128 NS

 Proportion of ruminating time 12 0.017 0.002 0.005 0.028 NS *** 0.103 NS
 Proportion of time in resting 
area 12 0.124 0.006 0.087 0.158 *** *** 0.274***

 Activity intensity (g) 12 0.716 0.024 0.571 0.896 *** *** 0.771***

Descriptive statistics were calculated based on values averaged across days by cow.
SE, standard error; BG, bahiagrass; CG, centipedegrass; JL, Japanese lawngrass.
NS, P ≥ 0.1; †, P < 0.1; *, P < 0.05; **, P < 0.01; ***, P < 0.001.

Figure 1 Daily preference for BG (bahiagrass), CG (centipedegrass) and JL (Japanese lawngrass) by 
individual cows
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Table 2 : Spearman’s rank correlation coefficients of consistent behavior measured in 2019 with individual at-
tributes

Variables Age Body weight Body condition 
score

Days after calv-
ing

Proportion of grazing time −0.622* −0.245 NS −0.636* −0.476 NS

Proportion of resting time 0.615* 0.336 NS 0.734** 0.490 NS

Proportion of time in resting area −0.336 NS −0.133 NS −0.190 NS −0.378 NS

Activity intensity −0.455 NS 0.168 NS −0.210 NS −0.273 NS

n = 12. NS, P > 0.1; *, P < 0.05; **, P < 0.01.

Discussion
Since sward and meteorological conditions varied 
daily and seasonally, all behavioral measures also 
differed among days. Nevertheless, preference 
for centipedegrass, time spent grazing and 
resting during stocking, time spent in pasture or 
resting area on a daily basis differed among cows 
consistently across seasons in the single year, i.e. 
some individuals showed a particular tendency 
in behavior compared with others across various 
environmental situations. These consistent 
differences in behavior among cows indicate 
that even if stocking conditions are equal, energy 
and nutrition budgets also consistently differ 
among cows, resulting in differences in breeding 
success, or production efficiency. The consistent 
individual tendencies in time spent grazing and 
resting were correlated with age and BCS. The 
correlation between behavior and BCS indicates 
that these behavioral measures can be utilized 
as indicators of nutrition, health and welfare 
statuses of individual animals (Matthews et al., 

2012). The consistent behavioral differences that 
cannot be explained by these individual attributes 
may be considered as personal traits of animals. 
These interindividual behavioral differences can 
affect their ecological fitness to the environment 
and production performances as livestock and be 
transmitted to their offspring (Garcia et al., 2020). 
Further studies are warranted to reveal associations 
of behavioral traits with fitness or productivity and 
their transmissibility.
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Abstract
Rangeland degradation and soil erosion pose constant challenges to the management of natural resources 
in Mongolia. Large increases in livestock numbers since the early 1990s, together with increasing 
temperatures and higher frequency of extreme weather events have led to widespread degradation of 
rangeland resources, to the extent that today, nearly 57% of rangelands in Mongolia are considered 
degraded to some degree. New ways of understanding the dynamics of rangeland ecosystems and 
guidelines to conserve healthy and productive rangelands are urgently needed. The application of State and 
Transition Models (STMs) in ecosystem management has shown promise to understand the mechanistic 
processes behind rangeland degradation and to suggest appropriate interventions for maintaining the 
health or restoring degraded rangelands. The Green Gold-Animal Health project funded by the Swiss 
Development Agency in Mongolia was the first initiative aimed at developing and applying STMs to 
Mongolian rangeland management. Here we describe the development of STMs for the most common 
rangeland types in Mongolia, including the definition of reference and alternative rangeland states 
and “recovery classes”, based on the timelines and management actions needed to recover a reference 
state. Our results show that STMs are effective tools for analysing and interpreting rangeland health 
monitoring data and provide a scientific basis for planning and implementing resilience-based rangeland 
management. Furthermore, STMs facilitate synthesis of available knowledge and help identify areas 
where more information is needed. In summary, STMs have the potential to serve as a valuable tool for 
better communication of rangeland health assessments and decision making to facilitate appropriate 
management.  

Introduction
Mongolian rangelands represent about 2.5% of 
the world’s total grassland area (White et al., 
2000) and support the traditional livelihoods of 
nomadic pastoralists and other sectors of society 
(Shagdar 2002). Mongolian rangelands have 
degraded considerably within the last twenty years 
following an increase in the number of livestock 
and changed management. Therefore, overgrazing 
and rangeland degradation are becoming primary 
environmental concerns in Mongolia (Hilker et 
al., 2014, Densambuu et al., 2018b). Differences 
in sampling methodology and criteria for 
determining degradation can create confusion 
and lead to disagreements about rangeland health 
trends. Inaccurate rangeland health assessments 

can lead to flawed prescriptions that lead to 
misplaced management efforts, for example, by 
reducing livestock numbers where reductions are 
not needed, or by allowing management practices 
that allow degradation to continue. The causes and 
persistence of rangeland degradation are not well 
understood (Addison et al., 2012). This situation 
calls for new tools for rangeland management 
based on ecological knowledge, including 
knowledge on land condition, land potential and 
the underlying ecosystem functions. 

A powerful tool to organize our understanding 
of how an ecosystem works are conceptual 
frameworks. They can help structure the state of 
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knowledge and as such, they are a fundamental 
part of successful adaptive monitoring and long-
term research programs (Lindenmayer and Likens 
2009). State and Transition Models (STMs) are 
one such conceptual frameworks that have been 
extensively used in rangelands worldwide. STMs 
describe plant community change pathways under 
certain sets of disturbances (Stringham et al., 
2003). STMs consist of possible alternative states 
which are connected by transitions and indicate 
opportunities to restore degraded states to healthy 
ones (Westoby et al., 1989). 

In Mongolia, the National Agency for Meteorology 
and Environmental Monitoring (NAMEM) and 
the Green Gold-Animal Health project of SDC 
collaboration with Jornada Experimental Range, 
USDA, launched a pioneer project in 2009 aimed 
at understanding rangeland degradation and 
informing rangeland management based on the 
use of a solid ecological conceptual framework, 
including STMs. The project aimed at developing 
technical capacity and tools for interpreting 
rangeland health data, to make management 
recommendations. 

STMs are currently used as an interpretation 
tool in two nationwide monitoring systems in 
Mongolia. First, the long-term rangeland health 
monitoring system at the National Agency for 
Meteorology, Hydrology and Environmental 
Monitoring (NAMEM), updated in 2011, which 
monitors 1516 plots across Mongolia to report on 
national rangeland health. NAMEM’s rangeland 
health monitoring system can provide national 
rangeland health reports in every four years, 
trends in rangeland indicators over time, maps 
and summaries of ecological states and recovery 
classes for each year. Secondly, the grazing impact 
assessment and monitoring at the Agency for 
Land Management, Geodesy and Cartography 
(ALMGC) is responsible for land management 
planning, its implementation and monitoring of 
management impacts nationally. 

In this paper we describe the development of 
STMs for Mongolian rangelands and discuss the 
usefulness of this approach to help interpreting 

rangeland health data and recommend management 
strategies.

Materials and methods
To develop STMs for Mongolia, we conducted 
a literature review, held workshops with local 
experts, and compiled inventory data (Figure 
1). Inventory data was collected between 2009-
2014 at >600 sites across Mongolia and was 
initially analysed to classify ecological site types 
based on soil properties. These ecological sites 
represent areas with distinctive climate and soil 
conditions, and require specific assessment and 
interpretation of monitoring data. Ecological sites 
were then grouped to 22 ecological site groups 
(ESGs) according to similarities in vegetation and 
landscape position, season of grazing, and land 
classification, concepts already used by herders and 
scientists. Relatively healthy rangeland conditions 
that are observed within an ecological site were 
used as a reference for assessing rangeland health. 
For each ESG, we developed a STM that described 
the reference and alternative states (Densambuu et 
al., 2018a). We characterized the dominant plant 
species for each ecosystem state and tools to aid 
in the identification of states. Using the inventory 
data to describe variations measured in the field, 
workshops were conducted in 2012 in each eco-
region of Mongolia to gather local knowledge 
about land classification and reference conditions, 
the presumed causes of vegetation change, and to 
identify informative sites for additional inventory. 
Field visits and interviews with US and Mongolian 
rangeland management specialists were used 
to propose management recommendations, 
especially regarding the timing of grazing, grazing 
deferment, and grazing rest periods, based on local 
and international studies.

STMs are being tested using the long-term 
vegetation monitoring program of NAMEM, and 
the monitoring data interpreted according to STMs 
are periodically published in the National Report of 
Rangeland Health of Mongolia. These procedures 
were officially approved by the Research Institute 
of General and Experimental Biology of Academy 
of Sciences, NAMEM and ALAGAC in 2015 
(Figure 1). 
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Figure 1: Development process of STMs for Mongolian rangelands

Results
In each ecological zone of Mongolia between three 
to five ESGs were recognized and STMs were 
built. A total of twenty-two STMs were developed 
for the most common rangeland types. For each, 
we defined reference and alternative rangeland 
states and their “recovery classes” that are based on 
the timelines and management changes needed to 
recover the corresponding reference state (Figure 
2). The reference states of related steppe STMs 
featured dominance by perennial grasses of the 
genus Stipa spp. alongside a high diversity of other 
perennial grasses and forbs. Frequent, high grazing 
utilization of perennial grasses initially caused 
a thinning of overall cover with increased bare 

ground and, eventually, pronounced reductions 
in formerly dominant grasses and increases in 
less palatable plants, particularly subshrubs of 
the genus Artemisia and upland sedges (Carex 
spp.). In some cases, gully erosion can occur. 
Feedbacks reinforcing state changes are initially 
due to reproductive limitations and possibly by 
resource pre-emption when certain subshrubs 
become dominant. Most transitions are postulated 
to be reversible with grazing management alone 
from 3-10+ years, but the degree of hysteresis 
associated with thresholds between states is poorly 
understood. 

Figure 2. The classification of ecological site groups and state and transition models in Mongolia. 

For all STMs, we characterized the dominant plant 
species for each ecosystem state and included tools 
to aid in the identification of states. The description 
of STMs was developed in two formats, a detailed 
account including species composition, abundance, 

average biomass and carrying capacity estimation, 
and a simplified photo version for easier field 
implementation (Figure 3). The geographical 
distribution of ecological site groups is described 
as well (Densambuu et al., 2018a).
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           Figure 3: The description of the State and Transition Models (STMs) for each ecological site was 
provided in two formats: a detailed STM description with plant cover information of dominant and 
subdominant species (left), and a simplified photo version of STMs for easier implementation in the 
field (right).
Conclusions
Robust implementation of theoretical frameworks 
can help our understanding of rangeland 
dynamics and the processes that lead to rangeland 
degradation. STMs are effective tools for analysing 
and interpreting rangeland health monitoring 
data and provide a scientific basis for planning 
and implementing resilience-based rangeland 
management. STMs provide a scientific basis 
for planning and implementation of resilience-
based rangeland management in Mongolia and 
allow summarization of the large amount of 
knowledge available to date, while allowing for 

the identification of areas where more information 
is needed (Bestelmeyer et al., 2017). In summary, 
STMs have the potential to serve as an essential 
tool for better communication on the state of 
rangeland health and facilitating management 
planning in Mongolia.
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Abstract
To effectively use the woody plant resources as animal feed, the ensiling suitability of Moringa including 
the dynamics of microbial community, chemical composition, and silage fermentation were studied. 
Tender stems and leaves of Moringa at the full-bloom stage of second cutting was used for silage 
preparation in Guizhou, China. After 3, 7, 15, 30, and 60 days of ensiling, five silos for each treatment 
were opened to analyze the fermentation characteristics. Moringa before ensiling contained 104 lactic 
acid bacteria (LAB), 106 aerobic bacteria, 104 coliform bacteria, 102 yeast, and 104 mold based on colony-
forming unit/g of fresh matter (FM). The aerobic bacteria were dominant microbial population in the 
fresh Moringa. After 3 days of ensiling, the LAB increased as the highest numbers to dominate the silage 
fermentation. After 7 days of ensiling, the coliform bacteria and mold counts in Moringa silage dropped 
below the detection levels. The dry matter (DM) of fresh Moringa was 26.57%, their neutral detergent 
fiber (NDF) and crude protein (CP) contents were 27.40% and 20.90% on a DM basis, respectively. 
During ensiling, all silages did not emerge great difference in chemical composition. After 7 days of 
ensiling, all silages displayed a good fermentation patterns, with a low pH value. The result suggested 
that Moringa can be prepare as silage to be potential woody feed resources for livestock. 

Introduction
In tropical countries where livestock production is 
mainly based on grass-dominated pastures, herb-
age mass during the dry season is generally not 
sufficient to satisfy the nutritional requirements 
of livestock. To mitigate this, silage is one of the 
alternative feeds as it is relatively simple to pro-
duce and utilizes the surplus in herbage production 
from the rainy season. Moringa (Moringa oleifera 
Lam.) is one of the most widely utilized trees spe-
cies (Wang et al., 2018). The crude protein (CP) 
concentration in leaves is ranging 200–250 g/kg 
dry matter (DM) and high levels of sulphur-con-
taining amino acids (Reyes et al., 2006). The use 
of Moringa as silage could not only relief the feed 
shortage to guarantee a year-round feed supply, 
but also overcome the loss during hay produc-
tion and storage process. However, can Moringa, 
a woody plant be prepared like silage? A very few 
information is available on this area. Therefore, 
the purpose of this work to study the ensiling suit-
ability of Moringa.

Materials and methods
Moringa were cultivated and harvested at the 
full-bloom stage on 8 Augest 2018, from an ex-
perimental field (25°73′N, 106°37′E) of Guizhou 
University, Changshun, China. Unwilted materi-
als were immediately cut into 1–2 cm lengths by a 
chopper machine (500-3, Zhengzhou AG Machin-
ery & Equipment Co., Ltd. Henan, China), and ap-
proximately 500 g were packed into 1 L polyethyl-
ene bottle silos (Changgan, Huizhou, China). The 
silos were kept at ambient temperature (20–26°C) 
and opened after 3, 7, 15, 30, and 60 days of en-
siling. Five silos per treatment were used for sta-
tistical analysis of microbial population, chemical 
composition, and silage fermentation.

Results and Discussion 
The DM content of Moringa is 26.57% including 
stem and leaf. The neutral detergent fiber (NDF) 
content was 27.40%, and CP content was 20.90% 
on a DM basis. The carbohydrate content of Mor-
ing was 41.82% of DM (Fig. 1). Total, the Moringa 
contained 104–105 LAB, 106–107 aerobic bacteria, 
104–105 coliform bacterial, 102–103 yeast, and 104–
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105 mold in a colony-forming unit (cfu)/g of fresh 
matter (FM) (Fig. 2). At 3, 7, 15, 30, and 60 days 
of ensiling, the contents of CP, ether extract (EE), 
NDF, organic matter (OM), and carbohydrate 
within each silage did not differ remarkably. All 
the silages were preserved well, with pH values 

Figure 1: Chemical composition of Moringa before ensiling

Figure 2: Microbial population of Moringa before ensiling

Conclusions
The ensiling suitability of Moringa were studied 
in China. The fresh Moringa contain abundant 
feed nutrients, and displayed a suitable ensiling 
characteristics, which can prepare a good-quality 
of silage as a preserved high protein sources for 
livestock production.
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(3.65–4.52) and ammonia-nitrogen (NH3-N) con-
tent (0.29–0.34% of FM), and lactic acid content 
(0.42–1.08% of FM) (Fig. 3). The results indicate 
that the Moringa can be prepared as good qual-
ity of silage, and has a potential as high protein 
woody feed resources for livestock in the future.
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Figure 3: Fermentation quality of Moringa silage during ensiling
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Abstract
This study aimed to assess the causality of different climate variables on the production of whole crop 
maize silage (Zea mays L.; WCM) in the central inland region of the Republic of Korea. Furthermore, 
the effect of these climate variables was also determined by looking at direct and indirect pathways 
during the stages before and after silking. The WCM metadata (n = 640) were collected from the Rural 
Development Administration’s reports of new variety adaptability from 1985‒2011 (27 years). The 
climate data was collected based on year and location from the Korean Meteorology Administration’s 
weather information system. Causality, in this study, was defined by various cause-and-effect relationships 
between climatic factors, such as temperature, rainfall amount, sunshine duration, wind speed and 
relative humidity in the seeding to silking stage and the silking to harvesting stage. All climate variables 
except wind speed were different before and after the silking stage, which indicates the silking occurred 
during the period when the Korean season changed from spring to summer. Therefore, the structure of 
causality was constructed by taking account of the climate variables that were divided by the silking 
stage. In particular, the indirect effect of rainfall through the appropriate temperature range was different 
before and after the silking stage. The damage caused by heat-humidity was having effect before the 
silking stage while the damage caused by night-heat was not affecting WCM production. There was a 
large variation in soil surface temperature and rainfall before and after the silking stage. Over 350 mm 
of rainfall affected dry matter yield (DMY) when soil surface temperatures were less than 22℃ before 
the silking stage. Over 900 mm of rainfall also affected DMY when soil surface temperatures were over 
27℃ after the silking stage. For the longitudinal effects of soil surface temperature and rainfall amount, 
less than 22℃ soil surface temperature and over 300 mm of rainfall before the silking stage affected 
yield through over 26℃ soil surface temperature and less than 900 mm rainfall after the silking stage, 
respectively.
Introduction
In the Republic of Korea, whole crop maize (Zea 
mays L.; WCM) and soybeans account for 60% 
of total feedstock use, and its self-sufficiency rate 
is around 1%. Therefore, a large proportion of 
the ingredients in feedstock need to be imported 
(Morgan, 1994). As the main silage resource in the 
Republic of Korea, WCM cultivation area totals 
13,000 ha, and the amount produced was 228,000 
tons in 2018 (28.79 % of the total summer forage 
crop), according to annual statistics of forage 
supply of the Rural Development Administration 
(RDA). The self-sufficiency rate of high quality-
forage is not as high as that of dairy farming and 
stands at less than 30% due to the weak base 

of forage production. In counties with a high 
dependency on imports, such as the Republic of 
Korea, it is important to be able to predict forage 
production to ensure flexibility between domestic 
production and importation.

In general, a cause-and-effect relationship refers to 
a direct relationship between a single cause and a 
single effect. In this study, causality was defined 
as a characteristic of a network consisting of many 
cause-and-effect relationships. Therefore, causality 
in complex structures, which include both direct 
and indirect relationships, should be distinguished 
from the cause-and-effect relationship seen in 
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simple structures. Furthermore, causality was 
generated by analyzing the relationship between 
various causes, mediators and effects (Jöreskog 
and Sörbo, 1996). Structural equation modeling 
(SEM) is a statistical technique that identifies 
causality between different factors and consists of 
two parts: The measurement part where common 
characteristics are extracted to generate common 
factors from the variables, and a structural part 
where connections are set between the extracted 
common factors (Van Montfort et al., 2004). This 
process creates a big network where balance needs 
to be kept between the high degree of model fitness 
and the parsimony to allow for easy interpretation. 
There is a clear relationship between agricultural 
climatic factors and crop production, therefore, 
it is advantageous to form a causality network to 
estimate the effects each climatic factor has on 
crop production.

For summer forage crops, it is difficult to classify 
their growing periods by season due to continuity 
of growth and development across seasons. In 
this study, the longitudinal characteristics were 
considered by taking into account the crop’s growth 
stage instead of which season it was. In general, 
the growth stages of WCM have divided into two 
stages: the vegetative stage and the reproductive 
stage; where the reproductive stage starts after 
the silking stage (McWilliams et al., 1999). This 
silking stage is important since this is when kernel 
fertilization, support ear weight and kernel fill are 
all determined. Furthermore, climatic conditions 
during the stage of 50% silking are critical to the 
yield and quality of WCM (Butts-Wilmsmeyer 
et al., 2019). Therefore, for WCM silage, the 
longitudinal characteristics were determined 
before and after the silking stage.

Therefore, this study aimed to assess the causality 
of climatic factors on WCM production using SEM 
by looking at the stages before and after silking. In 
addition, the appropriate range of climatic factors 
for good WCM production was determined based 
on major causality.

Methods and Study Site
The raw WCM data (n = 993) which includes 
dry matter yield (DMY, kg/ha), fresh matter yield 
(FMY, kg/ha), total digestible nutrients yield 
(TDNY, kg/ha), year, location, seeding date, 
silking date and harvesting date were collected 
from the reports of new variety adaptability of 
the Rural Development Administration (RDA) 

for 1985‒2011 as metadata. For the homogeneity 
of data, the central inland region (n = 656) was 
selected according to the classification criteria 
of Ko et al., (2006); where, Cheonan (36°48’N, 
127°9’E), Icheon (37°16’N, 127°26’E) and Suwon 
(37°17’N, 127°0’E) all belong to the central inland 
region. Climate data for the WCM metadata were 
collected from the weather information systems 
of the Korean Meteorological Administration 
(KMA). This data included daily temperature, 
rainfall, wind speed and sunshine duration and 
was categorized by year and location. The climate 
information was matched based on cultivation 
location and year of cultivation via open-API 
(application programming interface). 

The following climate variables were generated 
for the seeding‒silking (SS) stage and silking‒
harvesting (SH) stage as follows: growing 
degree days over 10℃ (SSGDD and SHGDD, 
℃), highest temperature (SSHT and SHHT, ℃), 
lowest temperature (SSLT and SHLT, ℃), soil 
surface temperature (SSST and SHST, ℃), relative 
humidity (SSRH and SHRH, %), total rainfall 
(SSRA and SHRA, mm), wind speed (SSWS and 
SHWS, m/s), total sunshine duration (SSSD and 
SHSD, hr). All climate variables (except SSRA, 
SHRA, SSSD and SHSD which were calculated 
as sums over the whole growing stage) were 
calculated as daily means over the growing stage.

Results
Determining the causality of climate variables 
for the production of whole crop maize

Six climatic factors were named: Rainfall_SS, 
Heat-humidity_SS, Temperature_SS, and Night-
heat_SH, Temperature_SH and Rainfall_SH. In 
addition to climatic factors, the production factor 
consisting of FMY, DMY and TDNY was used as 
the final response factor. Here, it was necessary to 
evaluate physiological/ecological evidence to set 
the path’s direction between factors. There was no 
doubt in setting the direction of climatic factors 
from before to after because of the time series 
feature. The path between changes in temperature 
leading to changes in rainfall can be explained 
through a long-term mechanism which starts with 
a temperature rise, and is followed by atmospheric 
and soil surface moisture evaporation, moisture 
condensation in the atmosphere, and ends with 
rainfall (Lydolph et al., 1985). On the other hand, 
the path between changes in rainfall leading to 
changes in temperature can be illustrated by 
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controlling the divide between the sensible and 
latent heat fluxes over a relatively short period of 
time (Huang and van den Dool, 1993). Therefore, 
in this study, daily meteorological information 
was used and concluded that the path from 
changes in rainfall to changes in temperature 
was appropriate. Furthermore, for winter forage 
crops, the cause-and-effect relationship between 
temperature and precipitation in the causality 
network was constructed following the path of 
changes in rainfall to changes in temperature (Kim 
et al., 2014; Kim et al., 2016; Kim et al., 2019; 
Kim and Sung, 2019; Kim et al., 2020). Finally, 
for the stress factors within each stage, the path 
was explored under the condition of no distortion 
to other factors.

As a result, the structure for the causality of 
climate variables affecting WCM production was 
established as shown in Figure 1. There were 
three key cause-and-effect relationships: The 
first was the direct effect of climatic factors on 
the production of WCM (red-colored). The paths 
of Temperature_SS, Temperature_SH and Heat-
humidity_SS had effects on WCM production (p 
< 0.05). In the case of the insignificant paths (red-

colored dash line), the impact of Night-heat_SH on 
WCM production was not serious because SHLT in 
Korea was in range of 15.15‒21.15℃, it was not at 
the level to inhibit the growth of WCM. Here, the 
night temperatures of 70‒80℉ (21.11‒26.67℃) 
can affect the yield potential of WCM (Peters et 
al., 1971). Meanwhile, in the case of Rainfall_SS 
and Rainfall_SH, the indirect path affected WCM 
production through two or more paths, while their 
direct path was not affected. The second key cause-
and-effect relationship was the indirect effect of 
different pathways within the growth stage (green 
colored). Regardless of the growth stage, rainfall 
only affected production in connection with the 
path of temperature, not direct path. Therefore, it 
was hypothesized that the rainfall does not directly 
affect production, but rather affects production 
through a certain temperature. The final key cause-
and-effect relationship was the seasonal effects 
between the SS and SH stages on the longitudinal 
structure for temperature and rainfall related 
climatic factors (blue colored). Thus, the effects 
of the different temperature and rainfall related 
factors during the SS stage could be categorized 
into direct and indirect seasonal effects.

Figure 1. Path diagram for causality of climatic factors affecting production of whole crop maize silage 
based on before and after silking stage: direct effect on production (red colored), indirect effect (green 
colored), longitudinal effect (blue colored), solid line (p < 0.05), dash line (p > 0.05)

FMY: fresh matter yield, DMY: dry matter 
yield, TDNY: total digestible nutrients yield, 
SSGDD: seeding-silking growing degree days, 
SSHT: seeding-silking high temperature, SSLT: 

seeding-silking low temperature, SSST: seeding-
silking soil surface temperature, SSRH seeding-
silking relative humidity, SSRA: seeding-silking  
rainfall amount, SSWS: seeding-silking wind 
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speed, SSSD: seeding-silking sunshine duration, 
SHGDD: silking-harvesting growing degree 
days, SHHT: silking-harvesting high temperature, 
SHST: silking-harvesting soil surface temperature, 

SHRH: silking-harvesting relative humidity, 
SHRA: silking-harvesting rainfall amount, SHSD: 
silking-harvesting sunshine duration

Figure 2: Scatter plots for soil surface temperature and rainfall amount affecting dry matter yield of 
whole crop maize silage: (A) seeding-silking stage, (B) silking-harvesting stage
Major causality of climate variables before and 
after the silking stage
During the SS stage, high DMY occurred when 
SSST was less than 22 ℃ and SSRA was over 
300 mm (Figure 2A). This implies that the indirect 
effect of SSRA occurred through a certain range 
of SSST (20‒22 ℃) based on the structure of 
SEM in this study. Furthermore, within this 
range of SSST, the variation in SSRA was larger. 
During the SH stage, the high DMY occurred 
when SHST was in the 26.5‒29.7 ℃ region and 
SHRA was less than 900 mm (Figure 2B), which 
indicates that the indirect effect of SHRA being 
below 900 mm led to higher DMY when SHST 
was also higher. According to Willis et al., (1957), 
the optimum soil temperature was 23.89 ℃ at a 
depth of 10.16 cm for WCM growth in central 
IOWA (40°36’N‒43°30’N). Therefore, SSST was 
a normal level for the growth and development 
of WCM, whilst SHST was higher. However, 
while SHST was somewhat higher, it was not at 
a level that would be concerning for growth as 
it was still less than the maximum temperature 
(30 ℃) of growing degree days for WCM. In the 
case of SSRA and SHRA, the appropriate rainfall 
amount for the growth and development of WCM 
was 450‒600 mm. Furthermore, rainfall that can 
cause soil erosion is more of a problem when over 
200 mm of concentrated rain falls in less than 3 
months compared to over 1,000 mm of rain falling 
over a 12 month period, even when assuming the 

same amount of monthly rainfall. In this study, 
areas with either low rainfall in the SS stage or 
excessive rainfall in the SH stage were found to 
have low DMY with small variations. In the late 
21st century, annual rainfall is expected to increase 
by 30% in the Korean Peninsula; therefore, there 
is a concern that production damage of summer 
crops will gradually increase due to excessive 
rainfall during the SH stage with overlapping the 
Changma season.

Discussion [Conclusions/Implications]
In this study, the causality of climate variables 
before and after the silking stage was assessed for 
the production of WCM silage using SEM which 
contained various cause-and-effect relationships. 
This study noted three key factors: the seasonal 
effect before and after the silking stage, the indirect 
effect of rainfall based on appropriate temperature, 
and the damage caused by heat-humidity before 
the silking stage. Furthermore, it has been found 
that only a certain range of rainfall affected WCM 
production when the temperature was appropriate 
before and after or within the silking stage for the 
major causality.
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Abstract
This study aimed to assess the impact of climate events in the Changma (Korean Monsoon) season on 
the production trend of sorghum-sudangrass hybrid (SSH) in central inland regions using time series 
analysis. The dataset in Suwon from 1988–2013 (n = 388) was generated by merging SSH data and 
climate data. The accumulated temperature (SHAT, ℃), rainfall amount (SHRA, mm) and sunshine 
duration (SHSD, hr) from seeding to harvesting were used to assess their impact on the trend of dry 
matter yield (DMY, kg/ha) for SSH. Furthermore, heavy rainfall (HRF) and typhoons (TPH) were 
considered as climate events. As a result, the impact of climate events did not affect DMY, even though 
the frequency and intensity of HRF increased. Conversely, SHAT and SHRA had positive and negative 
effects on the trend of DMY, respectively. Therefore, the DMY trend of SSH was forecasted to increase 
until 2045, unlike maize, which has shown a declining trend. The forecasted DMY in 2045 was 14,926 
kg/ha. It is likely that the damage by heavy rainfall and typhoons was reduced due to multiple-harvesting 
and a deeper extension of the root system. Therefore, in an environment that is rapidly changing due to 
climate change and abnormal weather, such as the Changma season, the cultivation of SSH would be 
advantageous as it would ensure a stable and robust yield.

Introduction
Climate change has been a major interest to 
various fields of science over the past two 
decades, including agriculture (Iglesias et al., 
1996; Fischedick et al., 2014). Particular interest 
needs to be focused on changes in the frequency 
and intensity of abnormal climate events that can 
greatly affect crop production. In Korea, increasing 
winter-spring temperatures and accelerating 
summer heavy rainfalls (HRF) are considered as 
being major abnormal climate events caused by 
climate change (Kang et al., 2011; Kim et al., 
2005; Park et al., 2011). The quantity of rainfall in 
the Changma (Korean monsoon) season accounts 
for 40–60 % of total average annual rainfall (Lee 
and Kwon, 2004), with a high likelihood that 
the prevalence of torrential rainfall increases 
with increasing occurrence of HRF events. 
Furthermore, during the Changma season, the 
arrival of typhoons (TPH) also needs to be looked 
at because various summer crops are seriously 
damaged by TPH ahead of harvests (IPCC, 2007).

In general, forage crops that do not rely on 
facility cultivation are more vulnerable to external 
environmental shocks. Whole crop maize (Zea 
mays L.; WCM) and sorghum-sudangrass hybrid 
(Sorghum bicolor L.; SSH) are typical summer 
forage crops in the Republic of Korea. According 
to Kim et al., (2019), WCM has been widely 
cultivated, however, HRF during the Changma 
season led to serious yield damage. Furthermore, 
due to the increasing frequency and intensity of 
HRF, forecasted WCM yields were predicted 
to drop to 70% of the previous 30-year average 
yield by 2045. Conversely, SSH can be harvested 
multiple times a year, with most of them being 
non-silking types focused on nutritional growth 
(Choi et al., 2017; Lee et al., 2000). Therefore, 
to achieve a stable yield, SSH has been widely 
cultivated as a forage crop in environments with 
a high possibility of cultivation failure. To predict 
SSH yield in the Republic of Korea, climatic, soil 
and cultivar factors were considered. As a result, 
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the negative impact of summer-concentrated 
precipitation exceeding the water requirements 
for growth and development was noticeable (Peng 
et al., 2020). The variation in yield was estimated 
to predict optimal seeding and harvesting dates 
by using the optimum moving response surface 
methodology (Kim et al., 2020). For long-term 
SSH yield trends, the impact of accumulated 
temperature and precipitation was evident 
(Chemere et al., 2018). These studies focused 
on the impact of climate change under normal 
conditions; therefore, their results did not reflect 
abnormal climatic conditions.

Therefore, this study aims to assess the impact of 
HRF and TPH events in the Changma season on 
SSH production trend in central inland regions and 
aims to forecast DMY using time series analysis.

Materials and Methods 

The raw SSH data (n = 1,076), including the sum 
of dry matter yields (DMY, kg/ha), number of 
harvests, year, address, seeding and harvesting 
dates, etc., were collected from reports on the 
new variety adaptability experiments by the Rural 
Development Administration (RDA). Usually, 
the damage caused by HRF and TPH in the 
Changma season varies considerably depending 
on local and topographical conditions; therefore, 
it was necessary to select a single location for 
homogeneity of data. Based on the regional 
classification chart of the Republic of Korea (Ko 
et al., 2006), SSH is predominantly cultivated 
in central inland and southern inland regions. 
Furthermore, it was important to record long-term 
data to allow for trends to be detected. Considering 
these two conditions, Suwon (latitude: 37° 15′ N, 
longitudinal: 127° 04′ E, n = 388) was selected 
as a representative central inland region of the 
Republic of Korea during for the period spanning 
1988 to 2013 (26 years). Modeling and forecasting 
were carried out to estimate any missing data (data 
from some years was missing) using a maximum 
likelihood algorithm (Jones, 1980).
The climate data from Suwon, including the hourly, 
daily, and monthly recorded information related to 
temperature, rainfall and sunshine, was collected 

from the Korean Meteorological Administration’s 
(KMA) weather information system via open-
API (application programming interface). Results 
for seeding–harvesting accumulated temperature 
(SHAT, ℃), seeding–harvesting rainfall amount 
(SHRA, mm), seeding–harvesting sunshine 
duration (SHSD, hr), HRF 1 (frequency of over 
7.6 mm/hr rainfall amount), HRF 2 (dummy 
variable, 1: over 1,000 mm/July, 0: else), and 
TPH (frequency of a typhoon passing through the 
Korean Peninsula) were generated.

Time series analysis was used to estimate and 
forecast the trend of SSH production using PROC 
ARIMA of SAS 9.4 (SAS Institute Inc., Cary, NC)

Results

Assessment of the impacts of climate variables 
on the production of sorghum-sudangrass 
hybrid

A year by year trend for the effective SHAT and 
SHRA can be seen in Figure 1A. The trends in 
DMY and SHAT looked similar over the whole 
time period (1989–2013), especially between 
1992–2007 and 2010–2013. Some trends were 
noted between DMY and SHRA, however, this 
was not consistent as some conflicting trends were 
also detected. For example, the SHRA trend in 
2002–2009 showing rainfall of below 1,000 mm 
was similar to the DMY trend. In contrast, when 
SHRA was over 1,000 mm, DMY was found to 
decrease, with the years of 1990, 1995, 1998, 2010, 
2011 and 2012 standing out. Therefore, it was 
hypothesized that the SHAT trend was associated 
to the overall DMY trend and that the SHRA trend 
was also correlated to the DMY trend depending 
on the specific range of rainfall.

To confirm the damage in DMY caused by climate 
events, DMY each year was compared based on 
the frequency of HRF and TPH (Table 1). In the 
case of HRF events, DMY tended to decrease 
with increasing frequency of HRF 1 and HRF 2, 
although no statistical significance was noted (P = 
0.92 in HRF 1 and P = 0.31 in HRF 2) due to the 
small sample size. In the case of TPH, there was 
no significant difference in DMY (P = 0.66) and 
there was no specific correlation between the two.
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Figure 1: Trend of climate variables by year in the central inland regions of the Republic of Korea 
(1988–2013): (A) climate variables related to growth and development, (B) climate events in the 
Changma season.

Yearly trends showing the impact of HRF and TPH, can be seen in Figure 1B. HRF 2 was not considered 
because of the dummy scale. No real correlation could be found between the trend in DMY with that of 
HRF 1 and TPH. However, since 2005, the frequency and intensity of HRF 1 have increased. Furthermore, 
the correlation analysis checking the relationship between HRF 1 and TPH showed a weak, correlation 
(Spearman’s r = 0.41*), which is indicative of some HRF events being associated with TPH events.

Table 1: Comparison of the impacts of climate events in the Changma (Korean Monsoon) season on dry matter 
yield for sorghum-sudangrass hybrid using ANOVA

Events Frequency Sum of dry matter yield (kg/ha) Test

Heavy rainfall 1

(7.6 mm/hr)

Less 10 (n = 10) 19,506.80 ± 1,720.91 F = 0.09 (P 
= 0.92)10–20 (n = 12) 18,598.75 ± 1,708.87

Over 20 (n = 3) 18,372.33 ± 3,027.91
Heavy rainfall 2† 0 (n = 13) 20,020.54 ± 1,461.11 F = 1.04 (P 

= 0.31)1 (n = 12) 17,758.58 ± 1,622.83
Typhoon 0 (n = 2) 17,324.00 ± 4,276.01 F = 0.66 (P 

= 0.66)1 (n = 3) 24,334.00 ± 8,643.23
2 (n = 5) 18,194.40 ± 4,174.11
3 (n = 5) 17,985.00 ± 4,235.48
4 (n = 4) 17,799.25 ± 5,001.15
5 (n = 6) 18,937.67 ± 6,404.31

†Dummy scale (1: over 1,000 mm in Changma season, 0: else)
Estimating and forecasting the production trend of sorghum-sudangrass hybrid

A

B
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Considering climate variables, the optimal model 
for showing the trend in DMY of SSH was model 
2, as follows:

where ,  and  are equivalent to DMY, SHAT and 
SHRA at  time, respectively.  is time order; zero 
means the current point in time. The DMY trend 
was a first-order in the AR model with one order of 
non-seasonal differencing. Even though it looked 
like AR (2) because of the second-order term (). 

Therefore, SHAT (1) and SHRA (1) had the same 
order of AR in DMY.

According to Kim et al., (2019), for whole crop 
maize, HRF in the Changma season occurring 
concurrently with the plant’s pollination stage 
is likely to cause damage due to lodging and 
pollination failure. For SSH, the lodging caused 
by HRF and TPH might be not critical due to their 
quick regrowth capabilities and short rotations 
(Armah-Agyeman et al., 2002).

Figure 2. Dry matter yield of sorghum-sudangrass hybrid with a 95% confidence interval considering 
growing degree days and rainfall amount in the central inland regions of Korea (The mean, 95% upper 
and lower confidence limits are blue, green and red lines, respectively): (A) observed vs. expected dry 
matter yields, (B) forecasted dry matter yield (1988–2045)
Based on this model, DMY was forecasted from 
2014 to 2045 (Figure 2). The forecasted DMY (kg/
ha) values were 14,908.06 ± 5,058.72, 14,904.43 
± 5,420.33, 14,909.66 ± 5,754.48, 14,915.13 ± 
6,070.15, 14,920.60 ± 6,370.19 and 14,926.09 ± 
6,656.72 for the years 2020, 2025, 2030, 2035, 
2040 and 2045, respectively. Hence, future trends 
in DMY show an increase based on the impacts of 
positive SHAT and negative SHRA.

Discussion [Conclusions/Implications]
In conclusion, no clear damage in the annual total 
production of sorghum-sudangrass hybrid due to 
heavy rainfall and typhoons occurrence during the 

Changma seasons were noted, although excessive 
rainfall affected the production reduction. It is 
likely that any short-term damage is not critical 
due to annual multiple harvests. Therefore, under 
a rapidly changing environment causing abnormal 
weather, increasing frequency and intensity of 
heavy rainfall and typhoons, the cultivation of 
sorghum-sudangrass hybrid would ensure stable 
and robust forage production.
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Can livestock alone be the main source of income from rangelands in poor countries? 
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Abstract 
In many countries due to the high population of land holders, there is insufficient range area for each 
land holder to cover all life expenses. In such places, the income of only livestock in rangelands is not 
enough to cover living expenses of landholders. The ideas in this paper suggest that researchers should 
create and explore economic models that incorporate the multiple use concept in rangelands and show 
how multiple uses are compatible with livestock grazing and to sustain the livelihood of rangeland 
families.

Introduction
In many areas, landholders have a sufficient area 
of rangeland to utilize for livestock production to 
provide enough income for the landholder family. 
But many countries have insufficient range area 
to support economic viability of the high number 
of landholders engaged in pastoralism. This issue 
was highlighted at Townville in Australia at an 
IRC meeting Grice and Hodgkinson 1999. It is 
necessary to consider a multiple use of rangelands 
concept in such areas to promote the economic 
and environmental wellbeing of the people who 
depend on rangelands for a living. The object of 
this paper is to discuss this concept with reference 
to Iran.

Materials and methods:
The research was carried out in Larack Rangeland 
north of Alborz province of Iran. The area is located 
between 36⁰ 7′ 59″ to 36⁰ 9′ 49″ latitude and 51⁰ 
12′ 1” to 51⁰ 13′ 20″ longitude with the area of 
600 hectares. It is mountainous with moderately 
depth soil. 

On this rangeland, there are no limitations with 
drinking water for livestock in terms in terms 
of water quality, the distance between watering 

points or water quantity. Average annual rainfall 
is 750 mm. The landholders are nomadic people 
who belong to the Sangsari group. Maps of 
topography, geology, soil, water resources, climate 
and vegetation are available.

 Forage production was measured using a double-
sampling procedure (Arzani and King 1994) 
using 10 1.0 m2 quadrats along 4,100 m random 
transects in each main vegetation type.  Range 
condition was assessed in terms of four factors, 
namely vegetation cover, level of soil erosion, 
plant composition and vigor, classes suggested 
by Parker (1969). Production sent to market was 
calculated, based on grazing capacity consultation 
with landholders. In terms of grazing management, 
three factors important factors (forage production, 
watering resources and sensivity of soil to erosion) 
were considered

Results
The total area of the rangelands that was recognized 
as suitable for livestock.grazing was estimated 
considering forage, water and sensivity of soil to 
erosion.

Table 1: Grazing capacity of vegetation types for 
100 days grazing

mailto:harzani@ut.ac.ir
mailto:m.jafari@ut.ac.i
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Vegetation 
typeArea hectareَAvailable forageA.U.M AU for 100 

days
Ag.in-Fe.
pe-Di.ca246.5190781234

Ag.in- As.go351207021
Hy.pe-Ac.

mi-Pe.grass8518524875

Di.ca - 
Fe.ov188200627188

ُSum554.5-1726518

Table 2: Forage production (kg), available forage (kg), Range condition in vegetation types of larak 
rangeland 

No.Vegetation type
Forage 

Production 
(kg/ha)

Available 
forage (kg/

ha)

Available 
F. to All 
forage

Range con-
dition

Condition 
Trend

1Ag.in-Fe.pe-Di.
ca45019042.22GoodPositive

2Ag.in- As.go29012041.37PoorNegative

3Hy.pe-Ac.mi-Pe.
grass39518546.83FairConstant

4Di.ca - Fe.ov43020046.51GoodPositive

Figure 1. Classification of rangeland suitability for 
livestock grazing based on FAO 1991 classification 

Based on grazing capacity of the rangeland type 
and interviews with landholders the income and 
expenses from livestock grazing in the Larak 
rangeland area are given in Table 4. The income 
comes from selling livestock and milk products 
and the costs of keeping animals include medicine, 
hand feeding, and labour, an average income of 
230000000 rials is produced.

Table 4: Income of livestock grazing the Larak 
rangeland

Number of Livestock518

Cost of medicine, hand feeding, rancher 1800000000 Rial

Income of meat and milk4000000000 Rial

Pure income 2300000000 Rial

 
Discussion

According to the results and based on FAO 
procedures and methods, most parts of Larak 
rangelands are suitable for livestock grazing. 

However, that Larak rangeland is not a big area 
and there are many families that depend on it for 
a living. So only one kind of land use (grazing) 
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produces insufficient income for the living expenses 
of each landholder. A possible complementary 
source of income is bee keeping based on the 
suitability of the vegetation and the interest of 
the landholder. As Grice and Hodgkinson (1999) 
stated, rangeland can also be utilized for multiple 
use. It can promote landholder income which is 
important for providing more landlords with a 
living and the means to conserve the rangeland. 
This idea also agrees with the report of Holechek 
et al., (2001). So multiple range utilization is 
necessary especially where the rangeland units 

mostly are small. This policy can be a solution 
for an economic wellbeing of small properties.  
Arzani et al., (2019) believed that researchers 
by now would be providing examples of range 
management with multiple enterprises. with 
simultaneously different utilization. They should 
advise their country’s Natural Resource agency 
to publish a manual for landholders at the time of 
planing range management to consider more than 
one utilization type. They also believe researchers 
need to find criteria to benchmark the utilization of 
each type of rangeland.
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Abstract
Several studies have evaluated separately forage production, botanical composition, leaf traits and animal 
performance. However, few of them have focused on defoliation patterns at the level of functional groups 
(FGs) under different and variable herbage allowance (HA), especially in natural, diverse grasslands. 
The objective was to evaluate the relationship between HA and leaf traits on defoliation patterns of 
mature beef cows in the autumn, winter and spring. We evaluated the grazing probability (GP), intensity 
of defoliation (ID), and leaf traits on 14 species that represent more than 80% of total dry matter of the 
pasture. The experiment at which we evaluated those traits and responses has been managed under High 
HA (HHA) and Low HA (LHA) (8 and 5 kg dry matter kg live weight-1, respectively). Four plant FGs 
(A, B, C and D) were defined according to leaf traits, and a selectivity index (SI) was developed for 
each group (considering the proportion of grazed and ungrazed species). Grazing patterns shifted across 
seasons. In the autumn, grazing was concentrated on FGs A, B and C groups (GP = 0.417). While for 
FG D, represented by high-biomass tussocks, the GP was lower (0.075). During winter, when herbage 
accumulation rate is limited, the average GP was 0.175. FGs C and D were more defoliated in relation 
to autumn, and during spring the GP shifted to FG B (0.289). The ID was similar to all FGs and seasons 
(66 % of leaf removed). In autumn and spring, the SI was affected by FGs and HA while in winter 
were similar between FGs but higher in HHA. Cows behaved differently in the defoliation pattern, 
modifying mainly the GP on FGs rather than the ID. Variation in HA across season determined changes 
in defoliation pattern, allowing to express selectivity in autumn and spring.
Introduction
Campos grasslands is a biome composed by a large 
array of grass and forb species forming a mosaic 
of tall and short patches as the result of soil types, 
fertility, botanical composition, topography and 
grazing management. This spatial heterogeneity, 
both on vertical and horizontal panes, affects 
animal intake (Laca, 2008) through mechanisms 
such selection, defoliation intensity and grazing 
behavior. The link between the pasture and 
grazing animals is the defoliation pattern, defined 
as the frequency and intensity of defoliation 
(Nabinger and Carvalho, 2009). This affects 
animal daily intake and diet composition, and, on 
the pasture side, determines the impact of grazing 
on vegetation. One approach to assess plant 
resource utilization strategies, grazing response 
and defoliation pattern is through plant functional 
traits (Díaz et al., 2001). This concept allows for 
a large number of species to be grouped into a 
small number of functional groups (FGs) through 

clustering species by values of specific functional 
traits (Duru et al., 2005). The more common 
functional traits are specific leaf area (SLA), 
leaf dry matter content (LDMC), leaf width and 
leaf tensile strength (LTS) (Garnier et al., 2015). 
Several studies have evaluated independently 
forage production, botanical composition, leaf 
traits and animal performance, but few have 
studied the fine tuning of those variables and 
diet selection. Specifically in the Campos, few 
evaluations considered herbage allowance (HA) 
or grazing pressure influences on plant functional 
traits (Cingolani et al., 2005; Cruz et al., 2010; 
Jaurena et al., 2012). The objective of this study 
was to further our understanding of the plant-
animal interface on native grasslands through 
evaluating the relationship between HA and plant 
FGs on the defoliation patterns and selectivity of 
mature beef cows in three different seasons. 
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Methods and Study Site
The experiment was carried out  at the “Bernardo 
Rosengurtt” Experimental Station, School of 
Agronomy, Universidad de la República in 
northeastern Uruguay. Evaluations were done 
during three periods: 1st Mar – 15th Apr (autumn), 
30th Jul – 26th Aug (winter) and 1st Oct – 15th 
Nov (spring), 2017. Soils of the experimental 
area are Hapluderts, Argiudolls, Hapludalfs and 
Natruaqolls. The layout of the experiment is a 
complete random design with two treatments 
[High HA (HHA) and Low HA (LHA)] and 
two replicates. Treatments HHA and LHA are 
represented in kg dry matter (DM) kg live weight 
-1(LW) (Sollenberger et al., 2005). Target annual 
average HA is 8 and 5 kg DM kg LW-1, HHA and 
LHA respectively, variable in each season. During 
spring the target level is 12 and 8 kg DM kg LW-1, 
during summer and autumn is 8 and 4 kg DM kg 
LW-1, and during winter 4 and 4 kg DM kg LW-1 
for HHA and LHA, respectively (Do Carmo et al., 
2018). The LHA paddocks have an area of 10 ha 
per replicate, and HHA 14 ha per replicate, totaling 
48 ha. The experimental area was continuously 
stocked throughout the year, since 2007, with 
variable stocking rate adjusted monthly using the 
“put and take” method (Mott and Lucas, 1952). 
Animals used were multiparous pregnant beef cows 
(Hereford, Angus and reciprocal Hereford*Angus 
cross), of 446 ±63 kg of LW. 
In each paddock, fixed 50-m transects (7 in 
HHA and 5 in LHA per paddock) were delimited 
according to soil type and topography, totaling 24 
transects. In each transect, ten 40*40-cm quadrats 
were fixed every 5-m and divided in 4 quadrants of 
20*20-cm. A total of 960 quadrats were assessed 
per sampling date (560 in HHA and 400 in LHA). 
In each quadrant, botanical composition was 
estimated visually, and during each evaluation 
period, all quadrants were assessed 4 or 5 times, 
in 5-7 days intervals, in order to avoid re-grazing 
at this scale between sampling moments. We 
evaluated the grazing probability (GP), intensity 
of defoliation (ID), and leaf traits on 14 species 
that represent more than 80% of total dry matter 
of the pasture.

Leaf traits measured were: LDMC, SLA, LTS 
and leaf width. Measurements were done on 10 
leaves per plant species per paddock at the end 
of each period (Cornelissen et al., 2003). The 
species were grouped in FGs by cluster analysis 
using package vegan. Data was standardized 

and FGs were defined using ‘Ward’ method and 
Euclidean distance. In each quadrant a grazing 
event was recorded by marking the tip of the leaf 
using a water-marker pen. After defining FGs, was 
calculated the GP, ID and SI for each FG, in each 
period and treatment. 

The intensity of defoliation (ID) was visually 
estimated as the percentage of leaf removed per 
grazing event: 25 % when a quarter of leaf was 
removed, 50 % half of the leaf removed, 75 % three 
quarter of leaf removed and 100 % when the whole 
leaf was removed (Lemaire et al., 2009)relative to 
leaf lifespan of the grass species within the sward, 
determines the proportion of each leaf defoliated 
before senescence, and hence the efficiency of 
harvesting of herbage. In this paper, sets of data 
obtained in a range of climatic conditions and 
with a range of grass species are used in order to 
document this relationship. It is shown that the 
frequency of defoliation of individual tillers or 
individual leaves is closely linked to the average 
stocking density used within a period of time for 
maintaining a steady state sward or pasture height, 
herbage mass or leaf area index. Consequently, any 
decrease in herbage growth rate should lead to a 
decrease in the efficiency of harvesting of herbage 
and then to a more than proportional decrease in 
total herbage consumption by ruminant livestock. 
These effects will be more important for grass 
species having short leaf lifespan than for species 
with long lifespan. In rotational stocking, the link 
between herbage growth rate and frequency of 
defoliation of leaves can be broken by controlling 
the grazing interval, so any decrease in herbage 
growth would not be systematically associated with 
a decrease in efficiency of harvesting of herbage. 
Rotational stocking should be more efficient than 
continuous stocking in low herbage production 
conditions, while in high herbage production 
systems rotational and continuous stocking would 
have similar efficiency. The implications of these 
conclusions for the management of swards and 
pastures to meet different objectives are discussed 
briefly.Interactions between leaf lifespan and 
defoliation frequency in temperate and tropical 
pastures: The ID for each FG* was calculated 
averaging the percentage of leaf removed by 
grazing, considering the whole grazed species 
corresponding to each FG*. Thus, the prorated 
average considered different number of records 
and also grazing events of each species. The GP 
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for FG (FG*) was estimated by the sum of grazing 
events on species corresponding to FG* and the 
total records of species corresponding to FG* (1). 
The selectivity index (SI) for each FG (Cingolani et 
al., (2005), was calculated considering the number 

of grazed records of each specie corresponding 
to FG* and number of ungrazed records of each 
species corresponding to FG* (2). The index 
varies between -1 and 1. Values near -1 indicates 
avoidance, values near 1 indicates maximum 
selectivity, and 0 indicates indifference. 

(1) GP (FG*) 
=

sum of grazing events on spe-
cies corresponding to FG*

(2) SI (FG*) =
nGR FG* - nUGR FG*

total records of species correspond-
ing to FG* nGR FG* + nUGR FG*

The GP and ID of each FG were analyzed by 
ANOVA (P< 0.05) for each period. Once defined the 
FGs (after the cluster analysis), they were added to 
the model as fixed effects for the analysis of plant-
animal interaction. Also, HA was used as fixed 
effect, while paddock was used as random effect. 
Furthermore, the SI was analyzed by ANOVA (P< 
0.05) using two models. First model considered 
HA and FGs as fixed effect and paddock as 
random effect, while second model considered FG 
and period as fixed effect and paddock as random 
effect. Data were analyzed using mixed model in R 
3.5.1 with lmerTest package (R Development Core 
Team, 2018).

Results
Four FGs (A, B, C and D) were defined based on 
leaf traits. From A to D had an increase in LTS and 
a decrease in SLA and leaf width. The increase in 
LDMC just occurred from C to D. LDMC, SLA, 
width and LTS for each species varied over periods 
and HA. As a result, the number of species in each 
group was variable between HA and period. 

In autumn the GP was different only between FGs, 
resulting higher in groups A, B and C (0.417) 
than group D (0.075). Conversely, in winter the 
GP was only affected by HA, resulting higher 
GP for all species in HHA (0.230) than LHA 
(0.121). During spring, the GP was affected by the 
interaction FGs*HA. The higher GP occurred in 
group B in LHA, while the lower values occurred 
in HHA groups A and D, and in LHA group D. 
The interaction between FGs*HA affected the ID 
during autumn. Higher values of leaf removed 
occurred in LHA group B while the lower values 
occurred in HHA group C and LHA group D. The 
average leaf removed in the others groups and 
HA combinations was 62.9 %. Conversely, no 
difference was observed in winter ID between HA, 

FGs and interaction. The average leaf removed 
value in this period was 69 %. During spring, the 
ID was constant among HA and FGs, averaging 
66%.

In autumn, SI was affected by FGs. The higher SI 
was observed in FGs A and B, while the lower SI 
in FG D. During winter the SI was only different 
between HA, where the high SI occurred in HHA, 
and the low SI occurred in LHA. In spring, SI 
was different among HA and FG. The higher SI 
was observed in FG B in LHA, which differed 
in HHA with FG A and D, and in LHA with FG 
D. Comparing the SI within FG across periods 
we observed that for FGs A, B and C the SI was 
different between period. For FG A the higher SI 
was in autumn, while the lower values were in 
winter and spring. For FG B, the higher value was 
observed in autumn, intermediate in spring, and 
lower in winter. As in FG A, the higher SI for FG 
C was observed in autumn, and the lower in winter 
and spring. Finally, the SI of FG D was similar in 
both treatments and period. 

Discussion
The GP of each FG in autumn was associated to 
their leaf traits (increasing from D to A) rather 
than their specific contribution to HM. Cows 
defoliated the same proportion of groups A, B and 
C regardless the specific contribution, and the SI 
was the same between FG A, B and C (Table 2), 
and avoided group D, which correspond to higher 
LTS and LDCM. However, the higher GP of FG C 
(high nutritive value than FG D but lower than A 
and B) showed that cows selected forage quality 
but also forage quantity, mainly in LHA, similar 
results that obtained Bonnet et al., (2015). The 
difference in SI between treatments in FG C could 
be explained by the higher herbage mass in HHA 
(3681 kg DM ha-1 vs 2379 kg DM ha-1), which 
allowed to express more selectivity between 
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FGs. In this condition, cows could select species 
of FG A and B in HHA, while in LHA, cows 
grazed FG A, B and C. The winter GP was only 
different between HA. Even though HM and HA 
were not different, pasture structure and mainly 
the body condition of cows could explain a better 
exploration and selectivity in HHA. This could be 
a carry effect of HM, HAR and mainly HA, from 
autumn to winter. The GP in this period was lower 
than autumn, explained by a lesser HM, HAR and 
HA. Lemaire et al., (2009)relative to leaf lifespan 
of the grass species within the sward, determines 
the proportion of each leaf defoliated before 
senescence, and hence the efficiency of harvesting 
of herbage. In this paper, sets of data obtained in 
a range of climatic conditions and with a range of 
grass species are used in order to document this 
relationship. It is shown that the frequency of 
defoliation of individual tillers or individual leaves 
is closely linked to the average stocking density 
used within a period of time for maintaining a 
steady state sward or pasture height, herbage mass 
or leaf area index. Consequently, any decrease in 
herbage growth rate should lead to a decrease in 
the efficiency of harvesting of herbage and then to 
a more than proportional decrease in total herbage 
consumption by ruminant livestock. These effects 
will be more important for grass species having 
short leaf lifespan than for species with long 
lifespan. In rotational stocking, the link between 
herbage growth rate and frequency of defoliation 
of leaves can be broken by controlling the grazing 
interval, so any decrease in herbage growth 
would not be systematically associated with a 
decrease in efficiency of harvesting of herbage. 
Rotational stocking should be more efficient than 
continuous stocking in low herbage production 
conditions, while in high herbage production 
systems rotational and continuous stocking would 
have similar efficiency. The implications of these 
conclusions for the management of swards and 
pastures to meet different objectives are discussed 
briefly. © 2009 Blackwell Publishing Ltd.
(Lemaire et al., 2009 showed that the probability 
of leaf defoliation decreases with lower HAR, 
as found in this work, determining the lower GP 
and lower selectivity. FGs were grazed similarly 
regardless of the nutritive value and the specific 
contribution. It could be assumed that cows 
oriented the foraging strategy to energy intake, 
rather than forage quality. Furthermore, the SI was 
not different between FGs, contrary to autumn. 
The GP was higher in HHA than LHA, possibly 

associated to the number of animals in each 
treatment, determining an increase kg LW ha-1, as 
showed by Lemaire et al., (2009)relative to leaf 
lifespan of the grass species within the sward, 
determines the proportion of each leaf defoliated 
before senescence, and hence the efficiency of 
harvesting of herbage. In this paper, sets of data 
obtained in a range of climatic conditions and 
with a range of grass species are used in order to 
document this relationship. It is shown that the 
frequency of defoliation of individual tillers or 
individual leaves is closely linked to the average 
stocking density used within a period of time for 
maintaining a steady state sward or pasture height, 
herbage mass or leaf area index. Consequently, any 
decrease in herbage growth rate should lead to a 
decrease in the efficiency of harvesting of herbage 
and then to a more than proportional decrease in 
total herbage consumption by ruminant livestock. 
These effects will be more important for grass 
species having short leaf lifespan than for species 
with long lifespan. In rotational stocking, the link 
between herbage growth rate and frequency of 
defoliation of leaves can be broken by controlling 
the grazing interval, so any decrease in herbage 
growth would not be systematically associated with 
a decrease in efficiency of harvesting of herbage. 
Rotational stocking should be more efficient than 
continuous stocking in low herbage production 
conditions, while in high herbage production 
systems rotational and continuous stocking would 
have similar efficiency. The implications of these 
conclusions for the management of swards and 
pastures to meet different objectives are discussed 
briefly. © 2009 Blackwell Publishing Ltd.ILemaire 
et al., 2009, but also, by an increase in animals/ha 
to reach the target HA (1.43 cows ha-1 vs 0.85 cows 
ha-1). In spring the group D was the least grazed 
due to the lower quality of the component species 
rather than the lower specific contribution. Cows 
avoided these groups, determining the lower SI. 
The higher GP observed in FG A in LHA than HHA 
was due to the presence of Paspalum dilatatum 
in LHA, a desirable specie, while in HHA, FG A 
was only conformed by S. microstachyum, a less 
desirable species (Rosengurtt, 1979). Comparing 
to winter, a difference in GP and SI between FGs 
was observed. In terms of HM was lower but HAR 
was higher than winter. Also, the number of cows 
was lower. Therefore, the higher selective capacity 
showed by cows was explained by high HAR and 
lower number of animals. 
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In all periods, the average of ID was 60 - 70%, 
barely higher value than expressed by Lemaire 
et al., (2009)relative to leaf lifespan of the 
grass species within the sward, determines 
the proportion of each leaf defoliated before 
senescence, and hence the efficiency of harvesting 
of herbage. In this paper, sets of data obtained in 
a range of climatic conditions and with a range of 
grass species are used in order to document this 
relationship. It is shown that the frequency of 
defoliation of individual tillers or individual leaves 
is closely linked to the average stocking density 
used within a period of time for maintaining a 
steady state sward or pasture height, herbage mass 
or leaf area index. Consequently, any decrease in 
herbage growth rate should lead to a decrease in 
the efficiency of harvesting of herbage and then to 
a more than proportional decrease in total herbage 
consumption by ruminant livestock. These effects 
will be more important for grass species having 
short leaf lifespan than for species with long 
lifespan. In rotational stocking, the link between 
herbage growth rate and frequency of defoliation 
of leaves can be broken by controlling the grazing 
interval, so any decrease in herbage growth 

would not be systematically associated with a 
decrease in efficiency of harvesting of herbage. 
Rotational stocking should be more efficient than 
continuous stocking in low herbage production 
conditions, while in high herbage production 
systems rotational and continuous stocking would 
have similar efficiency. The implications of these 
conclusions for the management of swards and 
pastures to meet different objectives are discussed 
briefly. © 2009 Blackwell Publishing Ltd.This 
could be caused by a higher capacity of cows to 
graze intensively, regardless the nutritive value and 
leaf traits. In this condition, cows modified the GP 
of each FG rather than the ID. The fact that the ID 
was similar in FGs could be by a little variation in 
traits in this section of the lamina. The defoliation 
pattern on FGs was differently explained by the 
GP. In this heterogeneous pasture, cows adjust the 
defoliation pattern by adjusting the proportion of 
grazed species, regardless the specific contribution 
of each FG. The ID remained constant in many 
different situations.
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Table 1 Effect of functional groups (A, B, C and D) and herbage allowance (HHA and LHA) on specific 
contribution (%), grazing probability and leaf intensity defoliation in autumn, winter and spring

Period   Functional Groups Probability values

A B C D FGs HA FGs*HA

Autumn

GP 
HHA 0.461 0.382 0.283 0.052

0.011 0.278 0.897
LHA 0.454 0.489 0.431 0.098

ID %
HHA  59.9 

ab  63.0 ab  57.6 b  61.3 
ab

0.035 0.128 0.048
LHA  64.3 

ab  73.7 a  66.4 ab  52.1 
b

Winter
GP 

HHA 0.225 0.244 0.210 0.239
0.935 0.003 0.769

LHA 0.147 0.104 0.126 0.105

ID %
HHA 73.0 66.7 62.8 76.7

0.168 0.612 0.142
LHA 62.7 66.1 76.8 67.2

Spring
GP 

HHA  0.035 
b

 0.221 
ab

0.214 
ab

0.106 
b

0.017 0.023 0.045
LHA  0.272 

ab
 0.357 

a
 0.173 

ab
0.119 

b

ID %
HHA 62.5 67.2 60.1 66.1

0.795 0.198 0.802
LHA 65.6 68.2 71.8 73.7

Different letters following means in rows indicate statistical significance at P < 0.05.
Table 2: Selectivity index for each functional group, period and treatment, and probability values for 
herbage allowance (HA), functional group (FG), period, and simple interaction (HA*FG, HA*period)
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Functional Groups Probability values
Period Treatment A B C D FGs HA FGs*HA

Autumn
HHA -0,08 -0,24 -0,43 -0,90

0.011 0.277 0.897
LHA -0,09 -0,02 -0,14 -0,80

Winter
HHA -0,55 -0,51 -0,58 -0,52

0.934 0.002 0.767
LHA -0,71 -0,79 -0,75 -0,79

Spring
HHA -0,93 b -0,56 ab

-0,57 
ab

-0,79 
b

0.017 0.022 0.045

LHA -0,46 ab -0,29 a
-0,65 

ab
-0,76 

b

P r o b a b i l i t y 
values

HA 0.446 0.632 0.838 0.365
period 0.036 0.033 0.013 0.082

HA*period 0.273 0.216 0.095 0.084

Different letters following means in rows indicate statistical significance at P < 0.05.
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Changes in crude protein and fiber contents of small grain cereals for forage over time  
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Abstract
Oat, triticale, wheat and barley are small grain cereals used as forage in many temperate Mexican 
regions. The objective was to determine crude protein and van Soest fiber contents of these forages cut 
at 80, 96, 108, 121, 138 and 153 days after seeding.  Cultivars used were: Chihuahua (OC) for oat; Arne 
(TA), Bicentenario (TB) and Siglo XXI (TS) for triticale; Saturno (WS) for wheat; and San Marcos 
(BSM) for barley. Experiment was under greenhouse conditions from November 2015 to May 2016. 
Crude protein (CP), neutral (NDF) and acid (ADF) detergents fibers were determined on the forage 
harvested at each time. Statistical analysis was by linear regression with cultivar as a dummy variable 
(R2=0.5843 to 0.6861), response variables were CP, NDF and ADF contents over days after seeding 
(R2≥0.7693), the model included first grade interaction. Models developed were compared based on 
the slopes calculated. First grade interaction was significant (p<0.05) in CP due to the pattern change 
in TS, and in NDF due to the pattern change in OC and in ADF due to the pattern change in TA. So 
that, individual models and coefficient confident intervals were developed for each species and cultivar 
to compare them and to declare similarities or differences at p<0.05. Overall, CP decreased (p>0.05) 
from 0.11 to 0.39; while NDF and ADF increased (p>0.05) from 0.60 to 1.10, and from 0.20 to 0.83 
percentage units day-1 respectively. It was concluded that crude protein, neutral and acid detergent fiber 
contents in small grain cereals are not dependent on harvesting time when measured at development 
stages close to physiological maturity.

Introduction
Small grain cereals are a promising option to 
produce forage under rainfed conditions and to 
provide forage of good quality. Forage quality is 
a major consideration for farmers as it is related 
to how well they feed their livestock. Three 
forage quality measurements are mainly used 
to characterize forage quality of small grain 
cereals, these are crude protein, neutral and acid 
detergent fibers due to their effect on dry matter 
digestibility and intake (McDonald, et al., 2002). 
When harvesting small grain cereals as a forage 
source, farmers are mainly interested in the grain. 
However, it is possible to harvest small grain 
cereals from flowering to the dough development 
stage to get forage of good quality (Andesogan et 
al., 2002; Juskiw, et al., 2000; Khorasani et al., 
1997).  

The objective of this research was to describe 
quantitative changes in crude protein, neutral 
and acid detergent fiber contents in six small 
grain cereal entries with potential to be grown as 

forage crops as the time of harvest goes from the 
flowering to the dough development stage.

Methods and Study Site
The experiment was carried out in the greenhouse 
of the Animal Production Department of 
Universidad Autonoma Chapingo, Mexico from 
November 2015 to May 2016. Cereal entries were: 
Chihuahua (OC) for oat; Arne (TA), Bicentenario 
(TB) and Siglo XXI (TS) for triticale; Saturno 
(WS) for wheat; and San Marcos (BSM) for 
barley. Plant entries were grown in pots with two 
to three plants per pot. Six harvests were done:  
80, 96, 108, 121, 138 and 153 days after sowing, 
material from three pots were collected at each 
harvest time. All plant material was dried at 550 C 
for 72 hours in a forced air flow oven, after drying 
plant material was ground to pass through a 1 mm 
screen.  Crude protein, neutral and acid detergent 
fibers were determined. Statistical analysis was by 
linear regression to develop models that described 
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quantitative changes in crude protein and fiber 
contents over time, cereal entries were taken as a 
categorical variable, general models were:  (Myers, 
1990). Regression coefficients were tested against 
a zero value.       

Results
Crude protein content

The cereal entry x harvest time interaction was 
significant (p<0.05),  crude protein content 

changed at a different rate with harvest time 
among the cereal entries (Table 1). Most of the 
linear models developed for each entry were not 
significant (p>0.05) indicating that there was no 
linear dependence of crude protein content with 
harvest time when cereal plants harvesting was 
done close to physiological maturity. Triticale cv  
Siglo XXI, showed the closest linear crude protein 
content change as time of harvest was delayed 
(p<0.1).    

Table 1: Regression coefficients (b0 and b1) and determination coefficient (R2) for linear models fitted (Pr> [t]) 
to determine changes in crude protein (%) in the forage of five small grain cereals over time.

Cereal entry
Intercept 

(bo)
Regression coef-

ficient (b1)
Pr>[t] R2

Residual 
Square 

Sum 

Oat cv Chihuahua 8.58 ± 2.243 -0.039 ± 0.018 b 0.1070 0.5177 5.20
Barley cv San Marcos 6.07 ± 1.372 -0.015 ± 0.011 b 0.2494 0.3062 1.94
Wheat cv. Cortazar 9.77 ± 1.754 -0.029 ± 0.014 b 0.1138 0.4961 3.18
Triticale cv Arne 5.86 ± 1.629 -0.011 ± 0.013 b 0.4673 0.1521 2.74
Triticale cv Bicentenario 4.46 ± 4.774 0.012 ± 0.040 b 0.7745 0.0234 23.58
Triticale cv. Siglo XXI 21.97 ± 6.638 -0.127 ± 0.055 a 0.0842 0.5630 45.60

Neutral and acid detergents fibers

The general trend was that NDF and ADF 
contents showed no linear relationship (p>0.05) 
with harvest time when cereals were cut close to 
physiological maturity; however, triticale cv Arne 
showed a linear relationship (p<0.05). The rate 

change for NDF ranged from 0.060 to 0.262 and 
for ADF from 0.020 to 0.150 (p<0.05), revealing 
little incremental changes in these fibers but not 
statistically significant as shown by the linear 
coefficient for the line slopes (Tables 2 and 3). 

Table 2: Regression coefficients (b0 and b1) and determination coefficient (R2) for linear models fitted (Pr> [t]) to 
determine changes in acid detergent fiber (%) in the forage of five small grain cereals over time,

Cereal entry
Intercept 

(bo)
Regression 

coefficient (b1)
Pr>[t] R2

Residuals 
square 

sum
Oat cv Chihuahua 25.24 ± 8.473 0.262 ± 0.071 0.0213 0.7693 74.29
Barley cv San Marcos 45.28 ± 11.624 0.110 ± 0.098 0.3238 0.2424 139.83
Wheat cv Cortazar 51.94 ± 7.218 -0.028 ± 0.060 0.6592 0.0552 53.92
Triticale cv Arne 35.76 ± 5.630 0.174 ± 0.047 0.0214 0.7745 32.8
Triticale cv Bicentenario 45.45 ± 4.716 0.060 ± 0.039 0.2017 0.368 23.01
Triticale cv Siglo XXI 45.89 ± 6.301 0.087 ± 0.053 0.1749 0.3993 41.08

Table 3: Regression coefficients (b0 and b1) and determination coefficient (R2) for linear models fitted (Pr> [t]) to 
determine changes in neutral detergent fiber  (%) in the forage of five small grain cereals over time.

Cereal entry Intercept (bo) Regression coefficient (b1) Pr>[t] R2
Residual 
square 

sum
Oat cv Chihuahua 15.57 ± 5.352 0.150 ± 0.045 0.0289 0.7364 29.64
Barley cv San Marcos 24.39 ± 9.013 0.083 ± 0.076 0.3328 0.2307 84.07
Wheat cv Cortazar 25.49 ± 4.676 0.020 ± 0.039 0.6359 0.0608 22.63
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Triticale cv Arne 17.54 ± 2.338 0.140 ± 0.019 0.0021 0.9282 5.66
Triticale cv Bicentenario 25.32 ± 2.960 0.049 ± 0.024 0.1191 0.5029 9.06
Triticale cv Siglo XXI 26.29 ± 4.357 0.053 ± 0.036 0.2182 0.354 19.64

Discussion
The crude protein (CP), neutral detergent fiber 
(NDF) and acid detergent fiber (ADF) in the 
forage of small grain cereals harvested from 
flowering to dough development stages (GRDC, 
2005) were not dependent on plant maturity as 
was expected (Andesogan et al., 2002; Juskiw, et 
al., 2000; Khorasani et al., 1997) which might be 
because there were little changes in morphological 
components (leaves to stem ratio) and physiological 
characteristics affecting CP negatively and NDF 
and ADF positively (dry matter accumulation and 
lignin content). This could be the reason that the 
models developed did not reveal differences on 
the rate of change for CP, NDF and ADF. The 
significant changes (p<0.05) in CP, NDF and ADF 
were caused by an interaction between cereal 
entry and harvest time when the amount of these 
chemical constituents in forage were dependent on 
plant maturity. This was detected for triticale cv 
Siglo XXI for crude protein (p<0.10) and for oat 
variety Chihuahua and triticale variety Arne for 

NDF and ADF (p<0.05). It is possible that these 
cereal entries underwent important changes in 
morphological and chemical composition. Overall 
crude protein content decreased by 3.28 percentage 
units (from 7.41 to 4.13%), but this was not enough 
to compute a significant regression coefficient. 
NDF and ADF overall increments were 9.1 (from 
51.4 to 60.5%) and 18.9 (from 51.4 to 70.3%) 
percentage units, respectively. Based on the results 
of this research it seems that it is necessary to have 
a difference of 10 percentage units or greater to 
be associated with small grain cereal maturity to 
produce significant changes in CP, NDF and ADF 
when they are harvested from flowering to dough 
development stages.    
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Abstract
There is an urgent need for the prioritization and ex situ conservation of pasture grass species. Many 
pasture grasses are still in the process of domestication and grasslands in the tropical, subtropical, semi-
arid and arid regions of the world are therefore a major source of genetic material for future forage 
improvement. Within South Africa, it was found that the Paniceae contains several species with high 
pasture value and that many populations of these species are found in water-limited environments. 
Therefore, it was proposed that a strategy be developed for the South African National Forage Genebank 
to prioritize efforts to collect and conserve seed of grass species within the Paniceae, focussing especially 
on those species in genera Anthephora, Brachiaria, Digitaria, Panicum and Setaria located in areas 
receiving less than 600 mm of annual precipitation.
Introduction
Grasslands within the water-limited regions of 
the world are major sources of plant genetic 
resources (PGR) that can, and should be explored 
for forage improvement. This is especially true 
for tropical and sub-tropical grasses (TSTG) 
which are still in the process of domestication. 
However, although these TSTG are still being 
domesticated, during the past 50 years species 
such as Cenchrus ciliaris, Chloris gayana and 
various Brachiaria species have already made 
significant impacts on global livestock production 
systems (Pengelly and Maas 2019). Brachiaria 
species especially, are believed to have an even 
bigger role to play under future bioclimatic 
conditions (Njarui et al., 2020). Therefore, with 
global climate change, there is an urgent need for 
the prioritisation and ex situ conservation of grass 
genetic resources with pasture potential that can be 
developed as alternative forages or used in forage 
improvement programs for the development of 
varieties and cultivars that can be used under 
drier agro-ecological conditions (Trytsman et al., 
2020). Although approximately 73 % of South 
Africa (SA) receives less than 600 mm of annual 
precipitation (Schulze and Lynch 2007), it houses 
a large diversity of grasses (Trytsman et al., 2020), 
making it the ideal country to collect PGR that can 
be used to especially improve drought tolerance of 
grass pastures. Trytsman et al., (2020) found that 
in SA, the Panicoideae are the most speciose sub-

family of grasses, and within the tribe Paniceae, 
there are several species with high pasture 
potential or with existing and known pasture value. 
However, with the primary focus in SA being on the 
improvement of exotic forage resources (Truter et 
al., 2015), very little efforts towards collection and 
subsequent evaluation and domestication of these 
SA PGR for forage improvement has occurred 
(Truter et al., 2015, Trytsman et al., 2020). These 
PGR, however, could become important sources 
of breeding material under future bioclimatic 
conditions, and therefore efforts to prioritise 
collections of these PGR are currently underway at 
the Agricultural Research Councils (ARC) South 
African National Forage Genebank (SA-NFG) 
and Range and Forage Sciences (RFS) divisions. 
The aim of this study was therefore to characterise 
populations of key grass species focusing on 
the genera Anthephora, Brachiaria, Cenchrus, 
Digitaria, Panicum and Setaria to guide more 
targeted collections of prioritised PGR for further 
evaluation and cultivar improvement for use in 
water-limited agro-ecological areas.

Methods 
Perennial grass species with high forage potential 
based on the work done by Trytsman et al., (2020), 
and those species with known commercial cultivars 
in the genera Anthephora, Brachiaria, Cenchrus, 
Digitaria, Panicum and Setaria were prioritized 
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for further characterization. Distribution records of 
native populations of each of the selected species 
were obtained from the Botanical Database of 
Southern Africa (BODATSA) maintained by the 
South African National Biodiversity Institute 
(SANBI), and from botanical records maintained 
in the PHYTOBAS database, a national vegetation 
data archive (2003 – 2009) maintained by the 
ARC SA-NFG (Trytsman et al., 2020). The 
distribution data were superimposed on a map 
indicating mean annual precipitation (MAP) of 
South Africa (Schulze and Lynch 2007) which was 
the first criterion for prioritisation of populations. 
Thereafter rainfall seasonality (Schulze and 
Maharaj 2007a), rainfall concentration index (RCI) 
(Schulze and Maharaj 2007b), and coefficient of 
variation of annual precipitation (CVAP) (Schulze 
2007) were considered for further division and 
prioritization of PGR from distinct populations. 

Results and Discussion
MAP: Schulze and Lynch (2007) describes MAP 
(mm) as the long term quantity of water available 
to a region for hydrological and agricultural 
purposes. Under non-irrigated conditions, and if 
other factors such as light, temperature, soil and 
mineral nutrients are not limiting, MAP gives the 
upper limit to a regions sustainable agricultural 
potential in regard to biomass production (Schulze 
and Lynch 2007). Approximately 20 % of SA 
receives less than 200 mm MAP, 47 % receives 
less than 400 mm MAP, and 73 % receives less 
than 600 mm MAP. Only 9 % of the country 
receives rainfall in excess of 800 mm (Schulze 
and Lynch 2007). From the current study, it was 
found that A. pubescens, C. ciliaris, D. eriantha 
and P. maximum contained populations that were 
found in areas that receive less than 200 mm of 

annual precipitation, with approximately 15 % of 
C. ciliaris populations falling within this MAP 
zone (Table 1).  A. pubescens and C. ciliaris were 
found to have more than 30 % of their populations 
occurring in areas that receive less than 400 mm 
of annual precipitation while approximately 
83 %, 36 %, 73 %, 77 %, 65 %, 57 % and 38 % 
of A. pubescens, B. brizantha, B. nigropedata, C. 
ciliaris, D. eriantha, P. maximum and S. sphacelata 
populations occurred in areas that receive less 
than 600 mm annual precipitation (Table 1). This 
provides a large number of native populations 
for collection of PGR that can be compared to 
commercial varieties for their drought tolerance. If 
these PGR are found to perform better under water 
limited conditions, they should be considered 
for further evaluation and characterisation for 
inclusion in forage improvement programs. 
Populations of the prioritised PGR, occurring in 
areas receiving more than 600 mm of MAP could 
potentially also be important sources of genetic, 
morphological and physiological variability for 
selection of beneficial agronomic traits, other than 
drought tolerance. However, with this study only 
focussing on identifying species with potential 
drought tolerance, a significant number of 
populations of the prioritised species (Table 1) were 
excluded from further consideration in the current 
study, but should be considered when collecting 
and screening PGR for various beneficial traits, 
other than drought tolerance. This is especially 
true for B. humidicola, where 100 % of the known 
SA populations occur in areas that receive more 
than 600 mm MAP. This species however, is an 
important forage for utilisation under climate 
change conditions as it has been proved to reduce 
soil biological microbial nitrification and by doing 
so reduce N2O emissions from grazed pastures 
(Karwat et al., 2017, Simon et al., 2020).
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Table 1: Percentage of known prioritised grass species classed into different mean annual precipitation 
zones in South Africa.

 % of total population

MAP 
(mm)

A. pube-
scens

B. bri-
zantha

B. ni-
groped-

ata

B. hu-
midicola

C. 
cili-
aris

D. erian-
tha

P. maxi-
mum

S. sphac-
elata

< 200 6.6 0.0 0.0 0.0 14.7 2.7 1.4 0.0
200 - 300 9.5 2.8 0.0 0.0 15.1 6.2 4.8 1.2
300 - 400 18.2 6.4 14.6 0.0 16.2 15.1 9.4 4.2
400 - 500 24.8 6.4 22.2 0.0 11.4 18.5 15.7 11.3
500 - 600 24.1 20.2 36.3 0.0 20.2 22.8 25.6 20.9
≤ 600 mm 
MAP 83.2 35.8 73.1 0.0 77.6 65.2 57.0 37.6

600 - 700 14.6 25.7 20.5 22.2 12.5 17.8 17.7 23.8
700 - 800 2.2 10.1 4.1 11.1 4.8 7.9 7.7 14.6
800 - 900 0.0 6.4 0.0 11.1 2.9 3.4 4.6 8.9
900 - 1000 0.0 7.3 1.2 16.7 0.7 2.1 4.6 5.6
> 1000 0.0 14.7 1.2 38.9 1.5 3.6 8.5 9.4
> 600 mm 
MAP 16.8 64.2 26.9 100.0 22.4 34.8 43.0 62.4

Rainfall Seasonality: South Africa can be divided 
into three main rainfall distribution zones, namely, 
the all year round rainfall zone (AYR), winter 
rainfall zone (WR) and summer rainfall zone 
(SR) (Roffe et al., 2020). In the current study, all 
of the prioritised grass species occurring in areas 
receiving 600 mm or less of MAP were primarily 
found within the SR regions of SA, with more than 
80 % of populations of each of the targeted species 
having a SR distribution. However, approximately 
4 %, 3 %, 3 % and 6 %  populations of C. ciliaris, 
D. eriantha, P. maximum and S. sphacelata were 
found within the WR distribution zones, and 2 %, 7 
%, 5 % and 14 % of populations of the same species 
were found within the AYR rainfall zone (Table 2). 
The SR zone in SA can be divided further into an 
early, mid, late and very late summer rainfall zone 
(Schulze and Maharaj 2007a). The early summer 
rainfall zones in SA are areas where the rainfall 
season peaks in December, mid-summer rainfall 
zones where the rainfall season peaks in January, 
late summer rainfall zones where the rainfall 
season peaks in February and very late summer 
rainfall zones where the rainfall season peaks 
in March to May (Schulze and Maharaj 2007a). 
Populations of A. pubescens, B. brizantha and B. 
nigropedata had a 100 % SR distribution, although 
variation in the amount of populations which 
occur in early, mid, late and very late summer 

rainfall regions were found (Table 2). Although 
some of the C. ciliaris, D. eriantha, P. maximum 
and S. sphacelata populations occurred within the 
WR and AYR rainfall zones, the majority of their 
distribution falls within the summer rainfall zone 
(Table 2).

The timing of the rainfall season has a significant 
impact on the potential agricultural production 
of an area as it directly influences the duration 
of the growing season, and therefore, the species 
that can be planted. In order to fully exploit 
the agronomic potential of forage species, it 
is important to select PGR from a range of 
bioclimatic conditions, including those that are 
found in different rainfall distribution zones. The 
larger the potential distribution of the species, the 
bigger the agronomic impact it may have. Also, 
species occurring in different rainfall distribution 
zones, will have different beneficial traits that can 
be targeted during forage improvement initiatives, 
and selection of traits for specific agro-ecological 
conditions and agronomic practices becomes 
possible. For instance, ecotypes of species that 
occur in the late and very late summer rainfall 
zones will have much shorter growth periods than 
those occurring in early and mid-summer rainfall 
zones due to the length differences in the wet 
season (Roffe et al., 2020). 
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Table 2: Percentage of prioritised grass populations, obtained from herbarium records occurring in areas 
receiving more than 600 mm MAP in different rainfall distribution zones in SA.

 % of prioritised populations

Species Winter All 
Year

Early Sum-
mer

Mid-Sum-
mer

Late Sum-
mer Very Late Summer

A. pubes-
cens 0 0 7 32 45 16

B. brizantha 0 0 21 28 44 8
B. nigroped-
ata 0 0 14 60 26 0

C. ciliaris 4 2 9 30 14 41
D. eriantha 3 7 9 37 28 17
P. maximum 3 5 15 53 13 12
S. sphac-
elata 6 14 11 30 28 10

RCI: The selection of crops as well as the 
production systems used on a farm depend not 
only on the annual amounts of rainfall or rainfall 
seasonality for that specific area, but also on the 
duration of the rainy season, i.e. whether the 
rainfall season is concentrated over a short period 
of the year only, or spread over a longer period, 
expressed by Schulze and Maharaj (2007b) as the 
RCI (%). A total of 72 %, 84 %, 55 % and 53 % 
of A. pubescens, B. nigropedata, C. ciliaris and 
P. maximum populations occurred in areas with a 
relatively concentrated rainfall season (RCI > 60 %) 
while the approximately 1 %, 17 %, 4 %, 22 %, 32 
%, 29 % and 39 % of A. pubescens, B. brizantha, B. 
nigropedata, C. ciliaris, D. eriantha, P. maximum 

and S. sphacelata populations occurred in areas 
with a rainfall season that is relatively spread (RCI 
< 50 %) throughout the year (Table 3). Species 
that occur in areas with a short rainfall period are 
often adapted to complete their life cycle faster, 
and therefore are able to reach maturity earlier 
than those in areas with a longer rainfall period. 
In areas where the rainfall/growing season is 
short, the selection of species that are adapted to 
short growing periods are important as these will 
allow for the diversification of production systems 
and crops, and allow for improved production in 
areas where most agronomic crops are not able to 
produce appreciable amounts of biomass due to 
the short growing seasons.

Table 3: Percentage of populations of prioritised PGR occurring in areas with different rainfall season 
durations in SA.

Rainfall concen-
tration index

A. pubes-
cens

B. bri-
zantha

B. ni-
gropedata

C. cili-
aris

D. eri-
antha

P. maxi-
mum

S. sphac-
elata

< 15 % 0.0 0.0 0.0 1.9 5.0 3.0 9.9
15 - 30 % 0.0 0.0 0.0 2.9 4.2 4.5 14.9
30 - 45 % 0.0 0.0 0.0 7.7 10.2 6.0 9.9
45 - 50 % 0.0 0.0 0.0 8.2 10.8 1.5 8.5
50 - 55 % 7.9 0.0 2.4 8.2 7.9 4.0 9.2
55 - 60 % 19.3 17.9 7.2 12.1 9.7 8.5 8.5
60 - 65 % 64.0 71.8 68.8 40.6 38.3 47.5 30.5
> 65 % 8.8 10.3 21.6 18.4 13.9 25.0 8.5

CVAP: MAP, rainfall seasonality and RCI maps do not show the natural year-to-year variability of rainfall 
that occurs, and for this reason the CVAP (%) is used (Schulze 2007). The higher the CVAP, the more 
variable the year-to-year (i.e. inter-annual) rainfall of a locality is. Therefore, the CVAP is an index of 
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climatic risk, indicating a likelihood of rainfall and 
stored water fluctuations, or crop yield from year 
to year. Agriculturally it is, perhaps, a more crucial 
statistic to use in marginal areas than in either very 
dry areas, where farming practices have adapted 
to variability, or in wet areas, where relatively 
lower inter-annual variabilities are generally 
expected. Due to climate change, variability 
in rainfall distribution and fluctuations in the 
amount of rainfall across years is expected, which 
means that species able to cope with fluctuations 
in rainfall between years will be beneficial for 
future production practices. This is because these 
species will be able to better survive years of 

below average rainfall compared to those adapted 
to constant high rainfall or low rainfall areas. In 
the current study, 85 %, 69 %, 74 %, 97 %, 84 %, 
77 % and 73 % of A. pubescens, B. brizantha, B. 
nigropedata, C. ciliaris, D. eriantha, P. maximum 
and S. sphacelata populations are well adapted to 
relatively large inter-annual variability in rainfall, 
occurring in areas with a CVAP of more than 30 
% (Table 4). More than 20 % of B. brizantha, 
B. nigropedata, P. maximum and S. sphacelata 
populations, however, will primarily fall within 
areas with relatively low (< 30 %) inter-annual 
variability in annual precipitation (Table 4). 

Table 4: Percentage of populations of prioritised PGR occurring in areas across SA with different levels 
of inter-annual variability in rainfall.

 % of prioritised populations
CVAP 
(%)

A. pubes-
cens

B. brizan-
tha

B. nigroped-
ata

C. cili-
aris

D. erian-
tha

P. maxi-
mum

S. sphac-
elata

> 20 % 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20 - 25 % 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25 - 30 % 14.9 30.8 25.6 13.0 16.0 22.5 27.0
30 - 35 % 64.0 59.0 72.0 42.0 64.8 61.5 67.4
35 - 40 % 21.1 10.3 2.4 43.0 19.2 16.0 5.7
> 40 % 0.0 0.0 0.0 1.9 0.0 0.0 0.0

Conclusions/Implications
In this study we prioritised seven important pasture 
grass species for collection, characterisation and 
evaluation initiatives and to maintain these PGR at 
the SA-NFG. Populations of these species found 
within the different prioritised ecological zones 
identified in this study are believed to contain 
traits that enable them to be better adapted to 
water-limited agro-ecological areas, as well as 
to cope with additional climate change related 
issues such as inter-annual rainfall variability. If 
these newly acquired PGR are found to contain 
higher drought tolerances, compared to current 
commercially available cultivars, as well as the 
different breeding lines and accessions from 

national and international forage genebanks, they 
will be included in forage improvement programs 
at the ARCs Cedara forage breeding campus, with 
the goal of selecting superior individuals and 
breeding new cultivars, adapted to water-limited 
agro-ecological conditions in the near future.
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Abszxctract
This study aimed to compare the causality of climatic factors affecting the yield of Italian ryegrass 
(IRG) between upland fields and paddy fields, by multi-group structure equation modeling. The raw 
data (n = 728) on forage contains both yield, field type, and the plantation address were collected from 
the Rural Development Administration, Republic of Korea. The climatic factors were: growing days, 
temperature and precipitation - in autumn and next spring seasons - from the climate big data of the 
weather information system of Korean Meteorology Administration. In the result, the composition of 
climatic factors was similar, but the causality by the paths was different between upland fields and 
paddy fields. In particular, yield in the paddy fields was sensitive to autumn precipitation due to short 
growing days in the rice-rotation system. In the paddy fields, the precipitation effect in both autumn and 
the next spring indirectly affected yield through temperature. The autumn temperature effect on yield in 
the paddy fields was 2.82 times greater than in the upland fields, between the two field types, the spring 
temperature effect was somewhat similar after wintering; thus, IRG cultivation in paddy fields should 
be limited to the south. However, there is greater suitability for IRG in the upland fields in the autumn, 
where the benefits of higher temperatures accumulate to offset effectively the short growing days. This 
study will assist in checking areas suitable for IRG cultivation as a winter forage crop in the Republic 
of Korea. The structure is being expanded by adding variables related to soil physical properties from 
soil information system and cultivation management from survey sheets, respectively, to the structure 
established in this study. This paper was published in the journal, Agriculture (MDPI), last December 

(Kim and Sung, 2019). 

Introduction
Italian ryegrass (Lolium multiflorum Lam., IRG) 
is the most important winter forage crop because 
of its high feed value for livestock (Ghesquière et 
al., 1996; Ishii et al., 2005), and its cultivation in 
rice-paddy fields has been carried out tentatively 
in East Asia (Yang et al., 2008). In the growing 
system, IRG is cultivated continuously before 
the rice emerges, which alleviates the shortage of 
forage and contributes to an increase in rice yield. 
In the Republic of Korea, IRG has mainly been 
cultivated in paddy fields under the rice-rotation 
system, accounting for 81.4% of the total IRG 
cultivation areas (21,700 ha) in 2007 (Kim et al., 

2009). IRG utilization has expanded gradually to 
56.3% of the total area used for forage production, 
and the area is restricted to warm places because of 
poor cold resistance (Shin et al., 2012).

Since the 1990s, countries such as The Netherlands, 
the United States, and Australia have developed a 
model for precise prediction of crop productivity, 
such as the erosion-productivity impact calculator 
(EPIC) (Williams, 1990), the decision support 
system for agro-technology transfer, cropping 
system model (DSSA-CSM) (Jones et al., 2003), 
the agricultural production system simulator 
(APSIM) (Basso et al., 2013). These models 
have the advantage of using various and precise 
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indicators, but the module focuses on calculations 
to make accurate predictions instead of describing 
the relationships between the indicators. Therefore, 
in this study, we focused on various relationships 
between variables rather than on the variable 
generation.

To identify complex causality, structural equation 
modeling (SEM) is a powerful statistical framework 
consisting of various cause-and-effects, unlike 
classic regression modeling which is a simple 
structure that considers only one response variable 
(Arbuckle, 2009; Kim et al., 2014; Kim et al., 
2016; Kim et al., 2019). Furthermore, multi-group 
SEM has been performed to compare the causality 
between two or more groups.

Therefore, this study aimed to compare the 
causality of temperature and precipitation on 
IRG yield between upland fields and paddy 
fields. Additionally, IRG cultivation suitability 
classification of both fields was carried out based 
on mapping the most sensitive climatic factors.

Methods and Study Site
The IRG-climate dataset consisted of forage 
metadata and climate big data. The raw metadata 
(n = 728) were collected from reports by the 
National Agricultural Cooperative Federation on 
the adaptability test of imported varieties of forage 
crops (1998–2017). The data contained field 
types (upland fields and paddy fields), cultivar, 

seeding date, harvesting date, year, address, fresh 
matter yield (FMY, kg/ha), DMY (kg/ha), etc. 
Here, location based on the plantation address 
was limited to the southern areas of the Korean 
Peninsula (33°37ʹ36″ N–36°36ʹ55″ N). In order 
to compare causality of climatic factors, the 
growing days, temperature, and precipitation were 
divided by growing season as follows: autumn 
growing days (AGD, day), autumn accumulated 
temperature (AAT, °C), autumn precipitation 
days (APD, day), autumn precipitation amount 
(APA, mm), spring growing days (SGD, day), 
spring accumulated temperature (SAT, °C), 
spring precipitation days (SPD, day), and spring 
precipitation (SPA, mm), where the end of autumn 
and beginning of spring were defined as the first 
dates to record continuous temperature below 5 °C 
and above 5 °C, respectively.

SEM was performed in AMOS 23.0 (IBM crop.), 
and comparison was performed in R 3.6.4.

Results
As a result of the t-test to check differences 
between upland fields and paddy fields (Table 1), 
all variables were different (p < 0.05). For IRG 
yield, the mean DMY and FMY were 10,916.4 
kg/ha and 58,315.7 kg/ha in the upland field and 
8033.3 kg/ha and 38,927.2 kg/ha in the paddy 
field, respectively.
Table 1: Comparison of characteristics of climatic and 

yield variables for Italian ryegrass between upland and paddy fields.

Variable (Unit)
Upland (n = 586) Paddy (n = 142)

t-Value
Mean SE Mean SE

Dry matter yield (kg/ha) 10,916.41 178.20 8033.33 273.42 14.15 *
Fresh matter yield (kg/ha) 58,315.71 826.65 38,927.22 1231.94 12.86 *
Autumn growing days (day) 84.25 0.52 69.00 1.09 20.58 *
Autumn accumulated temperature 
(°С)

878.91 8.62 632.07 16.23 25.72 *

Autumn precipitation amount 
(mm)

114.21 3.18 78.54 4.46 6.62 *

Autumn precipitation days (day) 18.54 0.21 16.97 0.38 4.15 *
Spring growing days (day) 119.42 0.85 93.75 1.03 13.21 *
Spring accumulated temperature 
(°С)

1199.8 13.24 725.41 13.02 10.39 *

Spring precipitation amount (mm) 313.83 4.34 222.03 5.47 7.42 *
Spring precipitation days (day) 43.22 0.46 34.96 0.66 13.17 *



247

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

SE: standard error, * p < 0.05.

The structure contains climatic factors, and the 
yield was set as in Figure 2. There were: seasonal 
effects between autumn and the next spring 
(green-colored paths), precipitation affecting 
yield through temperature in both autumn and 

next spring seasons (blue-colored paths), and all 
climatic factors directly affecting the yield factor 
(red-colored paths). These individual cause-and-
effect relationships generated a different causality 
structure between upland fields and paddy fields. 
The paths related to precipitation are noticeable. In 
the paddy fields, only precipitation was effective 

in yield through indirect paths that exist with temperature in both the autumn and the next spring.
Figure 2: Path diagram of climatic factors on Italian ryegrass yield in structural part (left is upland fields, right is 
paddy fields): direct effects from climate to yield (red), from precipitation to temperature (blue), seasonal effect 
from autumn to next spring (green), *p<0.05.

According to the distribution of DMY and 
considering the daily temperature and precipitation 
in the upland fields (Figure 3A,B), the DMY 
was distributed to the right, representing high 
temperatures and low precipitation. This clear 
tendency was, therefore, certain to reflect both 
direct and indirect effects on yield in the upland 

fields. In the paddy field (Figure 3C,D), there 
were peaks with high yield in several places, not 
in certain locations. Especially in the autumn, 
DMY showed a tendency to increase in range 
of 7–14 of the daily temperature, but the trend 
stopped increasing because the daily temperature 
was not wide as spring temperature. Thus, yield 
fluctuations, which tend to increase IRG yield with 
increasing precipitation at high temperatures, were 

not clear and the yield trends were inconsistent in autumn and spring.

(A) (B) (C) (D)
Figure 3. 3D-contour plots of dry matter yield with daily temperature and precipitation for 20 years (1998–2017): 
(A) autumn in upland fields, (B) spring in upland fields, 
(C) autumn in paddy fields, (D) spring in paddy fields.

Figure 4 shows the mapping of the suitability 
line of IRG cultivation based on the autumn 
accumulated temperature within the upland fields 
and paddy fields; the line of the upland field was set 
by the first quartile (741.70 °С), and the line of the 

paddy field was calculated as 1.39 times the first 
quartile (1030.96 °С). Therefore, IRG cultivation 
under the rice-rotation system in the area between 
the suitability lines of the upland field (blue-
colored) and the paddy field (red-colored) seems 
to be unstable due to insufficient growing days in 
the autumn. Based on the topography map, IRG 
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can be cultivated in both fields in the west, where 
there are mainly plains; however, it is difficult to 
cultivate in the east where the Taebaek Mountains 
are located. Furthermore, the lines between fields 

are divided by the Sobaek Mountains located in 
the southern area.
Figure 4: Maps of cultivation suitability classification 
of Italian ryegrass based on autumn accumulated 

temperature (red: paddy fields, blue: upland fields) and 
topography in the Republic of Korea (left is cultivation 
suitability map, right is topography map).

Discussion [Conclusions/Implications]
This study was carried out to compare the direct/
indirect effects of temperature and precipitation on 
IRG yield between upland fields and paddy fields 
in the Republic of Korea via multi-group SEM. 
Although the results were focused on the Korean 
areas, the method of this study could be proposed 
to the research community outside Korea that is 
interested in the following conditions: The first is 
to cultivate in different environments that can be 
compared, such as upland fields and paddy fields with 
rice-winter crop rotation system. Unfortunately, 
the rice-winter crop rotation system is popular 
only in southern China, Japan, and Korea. If not, it 
is proposed to explore other groups that could be 
applicable to the same structures, such as climate 
classification, terrain classification. The second is 
the distinct seasonal role of the cropping system, 
such as autumn seeding, overwintering, and spring 
harvesting. Otherwise, growth stages may be used 
for the purpose of dividing the whole growth 
period instead of the seasons. The final condition 
is to construct complex causality structures with 
various cause-and-effect relationships. SEM 
is effective when many variables are linked 
continuously through three or more cause-and-
effect relationships that the direct/indirect effects 

can be estimated. As a form of group, it also could 
be considered as a multi-group SEM that aims to 
be compared, as well as a multi-level SEM that can 
be entered as an explanatory variable to estimate 
its effect rather than a classification, and a multi-
stage SEM that can identify the flow according to 
an ordered group.

In general, the structure of the SEM can be applied 
to various studies depending on the characteristics 
of measurements. For example, it is expected that 
if the measurements are related to agricultural 
economic feasibility, such as income, production 
costs, import prices, distribution costs, etc., 
part of the agricultural economic system can be 
structured. In this study, cultivation field types 
were considered for classification purposes; 
however, there was a limitation in that they could 
not be included in the structure as a variable. To 
overcome this limitation, it will be necessary to 
select and develop various measurements that can 
reflect the characteristics of the field types as a 
quantitative variable. Meanwhile, it is planned to 
expand the structure by adding variables related 
to soil physical properties from soil information 
system and related to cultivation management 
collected from the survey sheet to the structure 
centered on climatic variables.
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Abstract
Switchgrass (Panicum virgatum L.) is a North American native warm-season perennial grass that is a 
cornerstone species in conservation systems and can also be utilized as a high-quality forage. ‘Tusca’ is 
a cultivar of lowland switchgrass selected from ‘Alamo’ (USDA NRCS, Knox City, TX) for resistance 
to the herbicide imazapic. This study was conducted to determine if selection in Tusca conferred cross-
protection to other ALS-inhibiting herbicides. Five ALS-inhibiting herbicides, including imazapic 
(IPIC), imazamox (IMOX), imazapyr (IPYR), imazethapyr (ITHR), and metsulfuron methyl (MSUL), 
were tested on Tusca, Alamo, and wildtype johnsongrass (Sorghum halepense L. (Pers.)) at five rates 
(25, 50, 75, 100, and 125% of the recommended label rate) plus an untreated control, under laboratory 
(PRE) and greenhouse (POST) conditions. Alamo was used as a negative control and johnsongrass 
was used as a reference species to confirm efficacy of herbicide treatments. Six replications of 25 seed 
of both switchgrass cultivars and johnsongrass were screened for response to herbicide treatment at 
germination, as well as the 3-leaf stage. Mean germination percentage for untreated Tusca, Alamo, 
and johnsongrass were 71.5, 24.8, and 40.8, respectively. Compared to controls, mean germination 
percentage of Tusca remained >50% at all rates of ITHR and IMOX. Alamo exposed to ITHR had <25% 
germination and <50% for IMOX. While Tusca shows some improved resistance to IPIC at germination, 
greater resistance was found to ITHR, IPYR, and IMOX, whereas mean germination percentage of 
Alamo was significantly reduced by all treatments.

Introduction
In North America, switchgrass (Panicum virgatum 
L.) is a native warm-season perennial grass 
found across most of the country apart from the 
western states (Ball et al., 2015). It is utilized for 
conservation systems, wildlife habitat, erosion 
control, renewable bioenergy, and can be a high-
quality forage in the spring and early summer. It 
spreads by short rhizomes and has a deep, fibrous 
root system. The two cultivars used in this study 
were lowland ecotypes which grow to a height 
of 3 to 6 feet tall, as opposed to upland species 
which grow to a height of 1 to 3 feet tall. The seed 
head is a wide panicle producing around 400,000 
seeds per pound (Vandevender 2009). Switchgrass 
is cross-pollinated and highly self-incompatible 
(De Leon 2005). ‘Tusca’ is a cultivar of lowland 
switchgrass selected from ‘Alamo’ (USDA 
NRCS, Knox City, TX) for tolerance to the ALS-
inhibiting herbicide imazapic. In prior studies, 
Tusca has shown significantly increased tolerance 
to imazapic when field-applied to established 
stands. Given that Tusca is the result of recurrent 

phenotypic selection of a cross-pollinated 
species, the opportunity for increased tolerance 
to herbicides from the same chemical family via 
inadvertent selection are possible (Tal 2000). 
In applications where switchgrass is planted in 
polyculture with other native plant species, almost 
all relevant native grasses and forbs are naturally 
tolerant of imazapic, but switchgrass is not. 
The development of a switchgrass cultivar with 
tolerance to chemicals commonly used in right-of-
way, forestry, and industrial management settings 
could assuage the concerns of landowners when 
considering including switchgrass in diverse, 
multi-species plantings.  

Materials and methods
The PRE-bioassay experiment was conducted 
in the Department of Plant and Soil Sciences 
at Mississippi State University and the POST 
bioassay experiment at the R. R. Foil Plant 
Science Research Center in Starkville, MS. 
Methodology for this study was taken from 
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literature published by Burgos 2015 and Beckie 
2000. In the PRE-bioassay, for each herbicide, 
a stock solution of 25, 50, 75, 100, and 125% of 
the recommended label rate was used to make a 
1% agar mixture. Six replications of 25 seed of 
Tusca, Alamo, and johnsongrass were placed in 
petri dishes and treated with every herbicide/rate 
combination. Petri dishes received 50 ml of agar/
herbicide mixture. Seeds were placed on agar and 
maintained in an artificial environment chamber at 
30° /20° C under long day conditions. Germinated 
seeds were counted every two days for two weeks. 
In the POST bioassay, seedlings of each species 
were grown in a greenhouse in 50-cell plastic 
trays and two replications of 15 seedlings of each 
species were treated with every herbicide/rate 
combination. Treatments were applied using a CO2 
powered handheld sprayer when seedlings reached 
the three to four-leaf stage. Injury was rated on a 
scale of 1-5. Ratings and seedling mortality were 
recorded every seven days for 28 days. Injury 
ratings were defined as 1: <20% of seedlings 
show injury 2: <40% of seedlings show injury 
3: <60% of seedlings show injury 4: <80% of 
seedlings show injury 5: >80% of seedlings show 
injury. Individual replications were harvested to 
determine biomass accumulation after 28 days.

Results
PRE-Bioassay

Tusca showed tolerance to IPYR, IMOX, and 
ITHR, as well as improved tolerance to IPIC. 
All rates of IPIC (P<0.0001), ITHR (P<0.0001), 
and IMOX (P<0.0001) significantly decreased 
germination of Alamo. There was a significant 
negative effect on germination of Alamo by IPYR 
(P=0.0030), and MSUL (P=0.0425) but only at 100 
and 125% rates. Following PRE-Bioassay, root 
and shoot lengths were assessed for all germinated 
seedlings (data not shown).  All rates of all 
herbicides significantly decreased root (P<0.0001) 
and shoot (P<0.0001) lengths of Alamo and wild-
type johnsongrass, while Tusca showed decreased 
response to IMOX, IPIC, IPYR, ITHR and MSUL.

POST Bioassay

Compared to Alamo, Tusca exhibited improved 
tolerance to IPIC, IPYR, IMOX, and ITHR at all 
rates applied (Figures 1and 2). Injury of Alamo 
was extensive following treatment with IPYR, 
IMOX, ITHR, and IPIC. Wild-type johnsongrass 
proved to be a dependable bioassay marker for 
effectiveness of herbicide screening.

Figure 1:  Mean injury ratings of two switchgrass 
varieties and wild-type johnsongrass taken 28-d 
after treatment was applied at the three to four leaf 
stage with imazethapyr herbicide at five rates.

Figure 2: Mean injury ratings of two switchgrass 
varieties and wild-type johnsongrass taken 28-d 
after treatment was applied at the three to four leaf 
stage with imazamox herbicide at five rates.

Discussion [Conclusions/Implications]
Through inadvertent selection, Tusca also exhibits 
increased tolerance to other ALS-inhibiting 
herbicides at both PRE and POST application 
stage. With continued selection, Tusca can be 
improved for use in specific applications where 
these herbicides are commonly used. Tusca can 
be incorporated into polycultures and grasslands 
where this class of herbicides is commonly applied 
and imazapic can be added into the chemical 
rotation. This is of great value to land managers 
to prohibit or slow down any form of resistance 
among the population from repeated use of the 
same herbicide chemistry over time. 
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Abstract
Megathyrsus maximus (Jacq.) B.K. Simon & S.W.L. Jacobs is one of the most important grass species 
cultivated for cattle production in cut and carry systems. There is a need to search for superior hybrids 
with high potential for mitigation and adaptation to climate change. A big proportion of the M. maximus 
germplasm, preserved in the CIAT GeneBank has been agronomically characterized and genotypes with 
desirable traits such as high drought tolerance, high BNI potential (Biological nitrification inhibition), 
high nutritional quality (biomass production, dry matter, crude protein, acid detergent fiber, neutral 
detergent fiber and dry matter digestibility) and high seed production have been identified. 

The Megathyrsus maximus breeding program at the alliance Bioversity-CIAT (Alliance) started in 2016 
following simultaneously two breeding schemes (Recurrent Selection based on Specific Combining 
Ability (RS-SCA) and Reciprocal Recurrent selection (RRS)). To start of RS-SCA scheme, a highly 
diverse, synthetic, sexual population was created, followed by the establishment of a factorial design 
using nine apomictic male testers and 30 sexual mothers. The aim of the factorial design was not only to 
estimate various genetic parameters, but also to identify the best possible apomictic tester with the best 
Combining Ability. Simultaneously, in order to start the breeding scheme of RRS, two open pollination 
blocks were established independently, following the heterotic pattern revealed by a population structure 
study using SSR markers.

In the future, we aim to apply simulation based R packages to predict the genetic gain in both scenarios, 
followed by the validation of the predictions with measurement of genetic gain based on field data, when 
considering the allocation of resources and logistics required in each scenario. 

Introduction
Megathyrsus maximus (Mm) (Jacq.) B.K. Simon 
& S.W.L. Jacobs (Syn. Panicum maximum Jacq.), 
plays an essential role in livestock production 
systems in the tropics. This pasture is widely used 
in extensive production systems, silvopastoral 
systems (tropical America), and cut-and-carry 
systems (Africa). This perennial and apomictic 
grass has important characteristics such very leafy, 
high quality feed, high production potential, suited 
to grazing and cutting, drought tolerant, and early 
season growth in some lines (Cook et al., 2020). 

The genebank of the Alliance preserves a large 
number (563 accessions) of Mm accessions, 
collected and introduced mostly from Africa 
(https://genebank.ciat.cgiar.org/; Koo et al., 

2004). A big proportion of these accessions have 
been agronomically characterized and genotypes 
with desirable traits such as drought tolerance 
(Atlas, Centenario, Colonião, Mombasa, Sempre 
Verde, Tobiatã; Cook et al., 2020), high BNI 
potential (Biological nitrification inhibition; 
Tobiatã; Villegas et al., 2020), high nutritional 
value (CIAT 16035 c.v. BRS Zuri; Cook et al., 
2020) and tolerance of low soil pH and high Al+++ 
(CIAT/26900 c.v. Vencedor and hybrid Centerario; 
Usberti 1986; Cook 2020) have been identified. 
Mm commercially available genotypes exhibit 
desirable agronomic characteristics and adaptation 
mainly to the Brazilian market, however other 
markets like Africa and Asia have received far less 

https://genebank.ciat.cgiar.org/
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attention. Cut and carry systems, predominant in 
Africa and Asia, are based on the use of Napier 
(Pennisetum purpureum Schum.) genotypes. Mm 
offers an alternative to Napier, as the attribute “plant 
height” is optimum for cut and carry systems, and 
additionally offers an excellent balance between 
forage production and nutritional value, without 
the disadvantage of pests and diseases currently 
faced by Napier. Despite being considered as an 
excellent alternative, some factors challenge the 
performance of Mm commercially: i) climate 
change puts at risk their potential production 
through worsening of drought periods and ii) 
evolution and adaptation of pests and diseases, 
which can become increasingly unpredictable 
(Chapman et al., 2012). Thus, there is a need to 
search for superior hybrids with higher potential 
for mitigation and adaptation to climate change. 

The Mm breeding program at the Alliance pursues 
a product profile focused on pyramiding in one 
unique product, the good attributes of quality 
and biomass currently available in commercial 
varieties, but adding value through additional traits 
like adaptation to climate change with tolerance to 
drought and low fertility conditions. Furthermore, 
Mm has the potential to contribute to the mitigation 
of climate change in two ways. Firstly, by means 
of carbon dioxide fixation (Morgan et al., 1980) 
since Mm follows the C4 photosynthetic pathway, 
which is considered more efficient in CO2 fixation 
(Malaviya et al., 2020) due to higher photosynthetic 
rates (Ehleringer et al., 1993). Secondly, through 
biological nitrification inhibition, a phenomenon 
that enables a drastic reduction of nitrification 
through root exudation of biological inhibitors 
(Villegas et al., 2020).

Taking into account these considerations and 
adding that the Alliance’s breeders have large 
experience in genetic improvement of grasses 
(Urochloa), we aim to describe the first steps 
followed by Forage Breeding Team at Alliance 
in their effort to build a new breeding program in 
Megathyrsus maximus. 

Current status

Pursuing the exploitation of heterosis, the Mm 
breeding program at the Alliance started in 2016 
following simultaneously two breeding schemes: i) 
Recurrent Selection based on Specific Combining 
Ability (RS-SCA), and ii) Reciprocal Recurrent 
selection (RRS). In both breeding schemes the 
aim is to accumulate heterotic effects over cycles 

having two separated heterotic pools (Worthington 
and Miles 2015), however, the schemes differ in 
the number of populations for improvement. 
While RS-SCA aims to improve one unique 
breeding pool (females) maintaining the male 
tester always fixed, the RRS (widespread in Maize 
breeding) improves both female and male pools 
simultaneously. Based on quantitative genetics 
principles, the RS-SCA should deliver higher 
genetic gains in the short term but in the long term, 
RRS could double the genetic gains in comparison 
with RS-SCA. In order to test and profit from that 
assumption, the breeder at the Alliance decided to 
partition the investment and follow both strategies 
simultaneously as we will describe as follows. 

Status and future of Recurrent Selection based 
on specific combining ability (RS-SCA).

The breeding cycle for RS-SCA in Mm consists 
in a three-step process. Firstly, genotypes from a 
recurrent selection population of sexual females 
are crossed to a genetically distant “male tester” 
genotype selected according to its combining 
ability. Secondly, superior parental females are 
chosen based on the performance of their testcross 
progeny. Thirdly, the selected parental females are 
recombined with the aim to form genotypes for 
the next cycle of selection (Worthington and Miles 
2015; Hull 1945). Selected apomictic hybrids in 
Yr2 will be candidates for cultivar release. Thus, 
to start this breeding scheme some previous 
developments are required: i) to obtain a synthetic 
sexual breeding population (females) in Mm; and 
ii) To identify an appropriate apomictic “tester”.

Step 1: Obtaining a synthetic sexual breeding 
population in Mm.

In 2015 we identified a tetraploid (2n =4X=32) 
and sexual genotype (PM15), which opened the 
possibility and the promise of achieving effective 
genetic recombination in this important species. 
This discovery opened the way to develop a 
broad-based, synthetic sexual breeding population 
in Mm. For this, vegetative propagules of sexual 
PM15 were established in the field and were used 
as female parents exposing them to pollen from 
137 apomictic and tetraploid genotypes from the 
Alliance genebank, in an isolated open pollination 
field. Seed was hand harvested on the PM15 
plants and once dormancy stage was overcome, 
were germinated and reproduction mode of the 
progeny obtained (Pm16) was characterized using 
the molecular marker p779/p780, which allows 
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identifying ASGR–BBML gene sequences present 
in apomictic genotypes in some Paniceae species 
(Worthington et al., 2016). Apomictic genotypes 
(118) were used in a progeny test to corroborate 
marker assertiveness and to identify promising 
hybrids. On the other hand, hybrids identified 
as sexual (156) were used to conform the first 
synthetic sexual tetraploid breeding population in 
Mm at the Alliance. 

Step 2: Identifying an appropriate apomictic 
“tester”.

During 2019 and 2020, we formed the crosses 
required for the study of genetic parameters 
following a factorial genetic design with 30 
putative sexual genotypes (mothers) and a group 
of 9 apomictic genotypes (fathers; CIAT/6893, 
CIAT/6986, CIAT/26936, Naturalizada, Agrosavia 
sabanera, CIAT/16031 (Tanzania1), CIAT/6890, 
CIAT/6992 (Mombasa), CIAT/6799). To achieve 
this, vegetative propagules of each sexual genotype 
were planted in a field plot alternated with clones 
of the apomictic genotype to be evaluated as male 
tester, with the purpose that the pollen from all 
the putative-tester’s clones could fertilize each 
and every sexual genotype. Each cross-block was 
isolated in order to avoid pollen contamination. 
Seed was hand harvested on the sexual genotypes. 
Seeds obtained from each plant constitute an 
independent family with half siblings. In total, we 
obtained 270 families. 

In 2021, our aim is to evaluate the hybrid progeny 
obtained. Hence the harvested hybrid seed was 
stored in a cold room and will be sown in pots, 
characterize for its reproduction mode using the 
molecular marker p779 / p780, and apomictic 
genotypes will be evaluated in three different 
locations following a Federer’s augmented design. 
This evaluation will have 15 apomictic hybrids per 
family, 30 genotypes used as mothers, 9 genotypes 
used as pollen donors, and three controls. Best 
linear unbiased predictors (BLUPs) obtained from 
data analysis will be used to correlate the genetic 
distance of the parents (previously genotyped) 
with hybrid performance. In addition, we would 
expect to obtain that the crosses from the parents 
with the greatest genetic distances are in turn the 
most productive, in other words, those that express 
the best heterotic effect.

Step 3: Starting the first cycle of RS-SCA.

Once the best apomictic tester is identified and 
synthetic sexual breeding population has been 

obtained, the RS-SCA breeding scheme will 
be started. Considering i) the early flowering 
exhibited by Mm genotypes, and ii) the existence 
of a molecular marker which allows the fast 
identification of apomictic behavior in the 
genotypes, we have the expectation of adjusting 
the breeding cycle time to a total period shorter 
than three years. 

Status and future of Reciprocal Recurrent 
selection (RRS)

The RRS breeding scheme allows the 
simultaneous improvement of both general and 
specific combining ability in two complementary 
populations that exhibit heterosis in their crosses 
(Worthington and Miles, 2015; Comstock et al., 
1949). In comparison with the well-known RRS 
applied in other crops like Maize, RRS in apomictic 
forages imply an additional effort in logistics and 
population genetics, as both sexual and apomictic 
representatives should be generated for each 
breeding pool. This scheme also follows a three-
step cycle, with some substantial modification in 
terms of logistics. The first step is the formation of 
hybrid progenies by crossing selected sexual plants 
from Population A to a random set of apomictic 
plants from Population B, and vice versa. Note 
that in order to avoid pollen-contamination a 
proper methodology for bi-parental crosses needs 
to be developed. The second step comprises the 
evaluation of half-sib families and checks at 
multiple field sites. Finally, the third step is the 
recombination of selected progenitors of superior 
families of Population A and B in separate nurseries 
(Worthington and Miles 2015). 

Step 1: Understanding population structure

A heterotic group is defined as a group of genotypes 
which display similar combining ability and 
heterotic response when crossed with genotypes 
from other genetically distinct germplasm groups 
(Melchinger and Gumber 1998). For an efficient 
RRS scheme, it is primordial to organize the 
germplasm into heterotic groups, in this sense, 
a large group of genotypes of M. maximus was 
previously genetically characterized and the 
study of population structure was done using 
SSR markers, as a result, genetic pattern for 
two heterotic groups were identified: K1 & K2 
(Unpublished data). 

Step 1: Forming heterotic groups

According to previous phenotypic characterization 
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of germplasm, best representatives from each 
heterotic pool were planted in two isolated open 
pollination blocks to form two heterotic pools: 
K1 and K2 groups. Seed harvested on sexual and 
apomictic genotypes from each heterotic group 
are stored in cool room and will be used in a 
performance field test. Best apomictic and sexual 
representatives from both pools will be used to 
apply the RRS breeding scheme in the third step 
of recombination within each heterotic pool, and 
from this point, the cycle continues as described 
above. 

Comparison of effectiveness among both 
schemes: RS-SCA and RRS scenario.

Different rates of genetic gain are expected 
for both schemes in time. In RS-SCA scheme, 
we hope to increase rapidly genetic gain given 
that it is logistically simpler and quicker, with 
the disadvantage of quickly depleting genetic 
diversity. RRS scheme, despite being logistically 
more complex, genetic diversity is sustained in 

the long term. Then although RS-SCA can provide 
faster candidates for commercial release, RRS will 
guarantee the stability of the program in the long 
term. The strategy proposed in this document is to 
implement both scenarios simultaneously, doing 
an allocation of resources in the short term of 70% 
for RS-SCA / 30% for RRS, until high performing 
heterotic pools are achieved for RRS. Then, the 
main product pipeline will follow the RS-SCA 
scheme, and investments in RRS will be done for 
the next-generation pipeline. In the future, we aim 
to apply simulation-based R packages to predict 
the genetic gain in both scenarios, followed by the 
validation of the predictions with measurement of 
genetic gain based on field data.
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Abstract 

In this study, the identity of rumen bacterial community and their taxonomic classification in Zebu 
heifers (n=24) fed 4 different diets (range grasses, Bracharia MulatoII, Azolla and Cassava leaf meal) 
was surveyed using metagenomics sequencing of the 16SrRNA gene. Rumen liquor samples were 
collected from the heifers from which a total of 192 DNA samples were amplified and the resulting 
16S rRNA sequences compared to the existing sequences at the National Centre for Biotechnology 
Information (NCBI) BLAST database through the MetagenAssist  . Bioinformatics analyses indicated 
that 17 operational taxonomic units (OTUs) were present at the phylum level. Of these, 43.3% were 
affiliated to the phylum Firmicutes, 27.2% Bacteroidetes, 22.8% Proteobacteria and 1.7% Euryarchaeota. 
The remaining were Cyanobacteria (1.4%), Chloroflexi (1%) while Actinobacteria, Verrucomicrobia, 
Spirochaetes, Tenericutes, Planctomycetes, Elusimicrobia, Lentisphaerae, Armatimonadetes, 
Fibrobacteres, Synergistetes and Arthropoda were all below 1%. Both Time and Diet had significant 
effect on the abundance of microbes but did not affect their diversity. Different diets therefore can affect 
the abundance of rumen microbiome and eventually the performance of animals.   

Introduction 
The microorganisms in the rumen, have formed a 
complex ecosystem that is well suited to diverse 
diets (Clauss et al., 2010, Stevens and Hummes 
1998). A symbiotic relationship has developed 
over time between ruminants and these ruminal 
microorganisms which enables the digestion 
of fibrous materials that the animal ingests 
(Dehority and Orpin 1997).  As stated by Rawls 
et al., (2004), the relationships between different 
microorganisms and the host animals affects their 
performance.  In the rumen, the microorganisms 
receive substrates delivered through the ingested 
feeds. Through the process of fermentation, 
the microorganisms become valuable source 
of nutrients to the host animal (Mizrahi  2013). 
Techniques based on the 16SrRNA have made 
it possible to analyse complex ecosystems thus 
allowing for the determination of how diverse and 
abundant are the communities of microorganisms 
(Amann et al., 1995). Metagenomics makes it 
possible to identify uncultured microorganisms, 
their evolution and functional relationships 
(Thomas et al., 2012, Sabree et al., 2009). The 
16S rRNA gene is an excellent phylogenetic 
marker (Pace 1997) as it comprises regions that 

are highly variable to highly conserved. The 
differences in sequences of these regions are used 
to differentiate the microorganisms and determine 
their phylogenetic relationships. Further, rRNA 
gene fragments can be obtained without previous 
cultivation of the microorganisms through the 
construction of 16SrDNA libraries. This is 
achieved by amplifying the 16SrRNA, obtained 
from samples by using polymerase chain reaction 
(PCR). In this way, a list 16S rRNA genes is then 
developed. The composition of the microbes can 
be determined through sequence analysis and 
comparing the analysis with appropriate reference 
sequences in databases to infer their phylogenetic 
affiliation (Illumina 2013).  According to Saro et 
al., (2012), feeding fibrous materials to ruminants 
can affect ruminal microbial community and 
increase ammonia nitrogen (Belanche et al., 2012). 
Ruminants convert the light energy captured by 
plants into edible compounds such as milk and 
meat (Nathani et al., 2015). The present study was 
carried out to identify and document composition 
of rumen bacteria of Zebu heifers feeding on a 
variety of feeds through metagenomics sequencing 
of 16S rRNA genes. 
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Materials and methods
The feeding trial was carried out at the KALRO 
Kiboko Research Centre in Makindu Sub County, 
Makueni County and the laboratory work was done 
at the International Livestock Research Institute, 
Nairobi The procedures used in the experiment 
were approved by the committee in charge of 
animal care and use at the Kenya Agricultural and 
Livestock Research Organization.

A completely randomised design of experiment 
was used in the trial that ran for 14 weeks, during 
which, twenty four (24) Small East African Short 
horned Zebu yearling heifers with mean live 
weight of 109.8 ± 18.4 kg were used. The heifers 
were randomly assigned into 12 pens with each 
pen housing two heifers. The 6 dietary treatments 
were then allocated to two pens each such that 
each treatment had four heifers as follows: 

Treatment 1; Control consisting of a mixture of 
range grasses hay (composed mainly of Eragrostis 
superba), Treatment 2; Control plus sundried 
cassava leaves, treatment 3 Control plus sun dried 
Azolla. Treatment 4 to 6 were similar to treatment 
1 to 3 but with the basal diet changed from range 
land grasses to Brachiaria Mulato II hay. The 
content of the Crude protein (CP) of the basal feeds 
was used in determining how much supplement to 
give to each of the animals according to their live 
weights, such that the diets provided 16% CP as 
recommended for  growing animals (NRC 1996).

Rumen fluid was collected from all the experimental 
animals on the 14th day of the experiment, first in 
the morning before feeding, and every other hour 
for 7 hours.  The animals were restrained in a crash 
and a flexible stomach tube inserted through the 
mouth. An attached suction pump was used to 
withdraw the samples which were then put in 10 
mL cryotubes and placed in liquid nitrogen until 
used for extraction of DNA. Extraction of DNA 
was done using the Zymo Soil Extraction Kit 
(ZYMO Research, USA) following the protocol 
of the manufacturer. Briefly, 150 uL of the rumen 
liquor was added to a ZR BashingBead™ Lysis 
Tube followed by 750 μL of solution for lysis.  The 
Lysis Tube was then fixed in a bead beater which 
had tube holder assembly (Disruptor Genie™) and 
followed by processing for 5 min at maximum 
speed. Thereafter, The same ZR BashingBead™ 
Lysis Tube was then spinned for 1 min at a speed 
of 10,000 x g. 400mL of the supernatant was then 
placed in a Zymo-Spin” IV Spin Filter and spinned 
for 1 min at a speed of 7,000 x g. 1,200 ¼L of 

buffer for  binding was then mixed with the flow 
through. 800 ¼L of the mixture was placed in a 
Zymo-Spin” IIC Column and spinned for 1 min at 
a speed of 10,000 x g. This step was repeated after 
discarding the flow through. Once all the steps 
had been followed, the eluted DNA quality was 
confirmed by electrophoresis on a 0.8 % agarose 
gel and visualized under ultraviolet light.

The primers used for PCR amplification and 
those for sequencing were similar to those used 
in a previous study by Caporaso et al., (2010a). 
According to that study, PCR primers were 
developed on the basis of the 16S rRNA’s V4 
region. A 12 – base error correcting Golay code 
was barcoded to the 806R reverse primer. This 
supports pooling of up to 2,167 different samples in 
each lane, and both PCR primers (515F and 806R) 
contained sequences of the Illumina flow cell 
adapter regions. The V4 region of the 16S rRNA 
was amplified using 515F universal primers (5′- 
AGAGTTTGATCMTGGCTCAG -3′), and 806R 
(5′- CGGTTACCTTGTTACGACTT-3′) according 
to Caporaso et al., 2010b. An amplification 
mixture was prepared consisting of: 10x Dream 
Taq buffer (2.5μlL, 10mM dNTPs (0.5μL), 10 nM 
of each primer, DNA template (1μL) and 0.2 μL of 
DreamTaq polymerase (Thermo Fisher Scientific 
USA). The amplification was carried out on a 
Thermo cycler (Applied Biosystems, USA) using 
the manufacturer’s protocol.  Amplified fragments 
were visualized on a 0.8 % agarose gel under 
ultraviolet light (Fig. 1). The PCR amplicons were 
purified on a QIAquick DNA Gel Extraction Kit 
(QIAGEN, CA).

Results
Table 1 shows the results of sequencing amplicons 
using the Illumina platform described above.  In 
total 19,430,463 reads were generated before 
quality control. This was reduced to 11,838,743 
after the removal of duplicates. When filtered 
by length and error, 3,149,693 reads remained. 
These gave rise to 27, 929 OTUs after filtering 
also by length and error. The bacterial community 
structure, (which comprises of composition, 
abundance and diversity) in the samples are shown 
in Figure 2. Bacterial community composition 
analysis showed seventeen bacterial Phyla with 
three; Firmicutes (43.3%), Bacteroidetes (27.2%), 
and Proteobacteria (22.9%) having a higher 
relative abundance than other phyla. The other 14 
phyla, each represented <2% of all the bacterial 
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sequences namely, Euryarchaeta, Chloroflexi, 
Cyanobacteria, Actinobacteria, Verrucomicrobia, 
Spirochaetes, Tenericutes, Plantomycetes, 
Elusimicrobia, Lentisphaerae, Armatimonadetes, 
Fibrobacteres, Synergistetes and Arthropoda. 
The abundance for Firmicutes in the control diet, 
Azolla, Bracharia, Bracharia mixed with cassava, 
Bracharia mixed with Azolla and cassava leaf 
meal alone was 49.8, 44.3, 39.1, 42, 44.7 and 41.5 
(% of total sequences, SE = 0.02%), respectively. 
Proteobacteria was most abundant in cassava leaf 
meal treated heifers 26.5%, followed closely by 
Azolla treated heifers at 26%. For the other diets, 
the abundance of Proteobacteria was 23.9% and 
19.2% respectively for Bracharia, and the control 
diet. The abundance of Bacteroidetes phylum 
was highest in the Bracharia and cassava leaf 
meal treated heifers at 30%. This was followed 
by Bracharia alone, Cassava leaf meal alone, 
and the control diet at 28.5%, 26.9% and 25.9% 
respectively. Among the different phyla, there 
were those whose abundance was significantly 
affected by the feed used, while others were not 
affected (Table 2). Proteobacteria, Actinobacteria, 
Spirochaetes, Bacteroidetes, Euryarchaeta and 
Armatimonadetes were significantly affected by 
the feeds used. Bracharia had the most significant 
effect on the abundance of different phyla followed 
by Azolla and Cassava leaf meal.

Discussion 
At the phylum level, Bacteroidetes and Firmicutes 
were the most common. This was similar to 
work by Edwards et al., (2004) that showed 
them to dominant in the rumen. There are other 
large groups of bacteria that are not classified 
including Clostridiales, Lachnospiraceae, and, 
Ruminococcaceae, which are likely to be the 
bacteria that are most dominant in the rumen. 
Together, members of Bacteroidetes and Firmicutes 
are most of the times the most abundant bacteria 
detected in the rumen by culture-independent 
methods. In this study the prevalence of Firmicutes 
was found to be 82.1% which  is one of the highest 
values reported for the rumen. Other studies of 
reported values of 90.2% and 95% of sequences 
assigned to Firmicutes in Holstein cows on a high 
roughage and grain diets, respectively (Tajima et 
al., 2000), however, most studies reports values 
are less than 70%.

In addition to the mentioned phyla, Cyanobacteria 
was also detected in the samples irrespective of 
diet. This phylum is known for its photosynthetic 

capability, but recent studies demonstrated the 
presence of non-photosynthetic members in the 
stomach of humans and underground water (Di 
Rienzi et al., 2013). Their analysis demonstrated 
that the order YS2, present in our data, has many 
roles such as obligate anaerobic fermentation, 
fixation of nitrogen, production of hydrogen 
syntrophically and the manufacture of vitamins 
K and B. YS2 has been suggested as possibly a 
new phylum, “Melainabacteria” (Di Rienzi et 
al., 2013). Other reports have also showed its 
presence in the gut of mammals (Soo et al., 2014; 
Zeng et al., 2015). Currently there is limited work 
describing the Zebu heifers’ microbiome through 
the use of high-throughput sequencing, thus more 
studies are necessary. Recent work by Pitta et al 
(2016), showed the abundance of Bacteroidetes, 
, Firmicutes  and Proteobacteria to be at 70%, 
15-20% and 7% respectively and this dominance 
was influenced by diet and age of the cow. 
Additionally, previous studies by Alzahal et al., 
(2017) demonstrated (using pyrosequencing on 
samples collected via the stomach tubing method) 
that there exists both structural and composition 
differences in the bacterial microbiome between 
dry and early lactating cows. Lactating cows 
had greater proportion of Proteobacteria, lower 
Firmicutes, and no change in the proportion of 
Bacteroidetes. 

The results showed that the rumen microbes 
in Zebu cattle have a high diversity and the 
abundance of these microbes is affected by the 
feeds consumed. Time after feeding also affected 
the structure of the bacterial community but not 
their diversity. Generally, in the world, there is an 
increasing demand for cattle products as a result 
of the continued population growth and improving 
standards of living in the developing countries. 
There is therefore need to improve the efficiency 
of feed utilization Rumen microbiome studies 
can inform identification of new feeding ways to 
ensure efficient use of feed and improved animal 
health. 
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Abstract
The bermudagrass stem maggot, Atherigona reversura Villeneuve, was first reported damaging 
bermudagrass Cynodon dactylon (L.) Pers grown for forage in 2010 in the southeastern US.  Damage 
results from individual larvae feeding internally on the vascular tissue just above the terminal node of 
the grass stem. Damage slows plant growth and reduces forage accumulation.  To address the need for 
economic guidelines to manage this new pest, the relationship between the percent of stems damaged by 
bermudagrass stem maggot and forage yield was measured in commercial bermudagrass hay fields in 
northcentral Texas during 2016 and 2017. The slope of the linear regression, representing the yield loss 
per percent stem damage, was used to calculate economic injury levels for a range of hay market values 
and control costs. The impact of stem damage on protein content, energy and digestibility of bermudagrass 
hay was also investigated. In this study, percent ADF was positively correlated with bermudagrass stem 
damage, suggesting that stem damage was associated with increased fiber and reduced digestible energy. 
TDN was significantly and negatively correlated with increasing bermudagrass stem maggot damage. 
These results suggest a trend of declining crude protein and energy and an increase in fiber content 
associated with increasing bermudagrass stem maggot damage. This apparent loss of forage quality 
is consistent with the observed leaf death and cessation of new growth resulting from bermudagrass 
stem maggot feeding.  However, the R2 value for the relationship between each of these forage quality 
attributes and stem damage was very low, ranging from 0.03-0.07, and therefor the impact of stem 
maggot feeding on forage quality remains unclear and additional studies are needed.

Introduction
The bermudagrass stem maggot (BSM), Atherigona 
reversura Villeneuve, has become an important 
pest of bermudagrass, Cynodon dactylon (L.) 
Pers., forage in the southeastern and southcentral 
United States. The first reports of crop damage 
by A. reversura in the continental United States 
were from Georgia, Florida, South Carolina and 
Alabama, where extensive damage was observed 
in bermudagrass hay fields and pastures in 2010 
(Hudson 2010; Hancock 2012). Subsequently, A. 
reversura was reported damaging bermudagrass 
forage throughout the southeastern United States 
(Hudson et al., 2013, Townsend and Osborne 
2013, Baxter et al., 2014). In 2013, A. reversura 
was observed damaging bermudagrass hay fields 
in south, east, and central Texas, and in 2015, 
adults were collected near Lubbock and El Paso, 
TX.

Baxter et al., (2014, 2017) reviewed the general 
biology of BSM and field characteristics of crop 
injury. The adults are active low in the grass canopy 
where they fly rapidly when disturbed. Eggs are 
deposited on leaves or stems. The neonate larva 
tunnels into the grass stem above the uppermost 
node and feeds internally on the newly formed 
shoot. This feeding damage results in the death of 
the top two to three leaves which become chlorotic 
and die, turning white or brown. As a result of leaf 
death, fields damaged by BSM appear frosted or 
‘bronzed,’ similar to leaf injury resulting from 
drought, freeze damage, or disease. Stems damaged 
by BSM can easily be pulled from the leaf sheath 
due to feeding by the larva, distinguishing them 
from stems damaged by other factors. The lower 
stem end shows evidence of larvae feeding and 
is discolored due to feeding and decay. Damaged 
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stems can also be dissected to reveal the larva if it 
is still feeding. Mature larvae are cream colored 
and about 3 mm in length. Pupation occurs on the 
soil surface (Baxter et al., 2014). Developmental 
rates and phenology have not been reported, but 
adults are active throughout the growing season. 
Many details of the life cycle of BSM are yet to 
be reported.

Crop injury is a result of feeding by a single larva 
that feed internally on the vascular tissue just 
above the terminal node of the grass stem. The 
damaged apical shoot stops elongating because 
of the maggot’s feeding injury. As a result, plant 
growth slows and forage accumulation and yield 
are reduced (Hancock 2012, Baxter et al., 2014, 
2017). In Georgia, as much as 80% of the shoots 
have been damaged (Hancock 2012, Baxter et al., 
2014).

Economic thresholds have been widely used in 
integrated pest management programs to inform 
producers when insecticides or other control 
tactics are necessary to prevent an increasing pest 
population from causing economic loss greater 
than the management cots (Pedigo and Rice 
2009). The lowest pest population that results in 
economic loss is the economic injury level (EIL), 
and the economic threshold ET, is set below the 
EIL to allow for the time needed to apply the 
insecticide or initiate other control tactics before 
damage exceeds the EIL (Pedigo et al., 1986).

The objective of this study was to quantify the 
impact of bermudagrass stem maggot BSM damage 
on bermudagrass forage yield and quality and 
calculate an EIL to guide management decisions 
regarding insecticide applications for control of 
bermudagrass stem maggot. In calculating the EIL, 
we consider insecticidal control applied within 
the current hay growth cycle as insecticides have 
been shown to protect the crop from additional 
infestation and are widely recommended for 
control (Layton 2014, Baxter et al., 2017).

Materials and methods
Bermudagrass stem maggot injury and forage yield 
and quality were measured in commercial fields in 
northcentral Texas in Comanche, Erath, Denton, 
and Johnson Counties, where bermudagrass hay is 
widely grown as forage for beef and dairy cattle. 
Forage samples were collected by cutting all of 
the forage within a frame of 0.1 m2 from each of 
30 locations within a small area of a field. Each 
sample (n = 3- per field) was placed in a labelled 

bag. The number of stem with BSM damage 
was determined for 50 stems from each forage 
sample. The 50 stems were returned to the original 
sample which was then oven dried at 55 C for 72 
h, weighed to 0.1 g, and the results were used to 
calculate yield as kg dry forage/ha.

Estimating Yield Loss

The relationship between BSM injury and forage 
yield was investigated in six bermudagrass hay 
fields during 2016 and 2017. Except for one field 
planted to ‘Tifton 85’, all fields were planted to 
‘Coastal’ bermudagrass. Fields 3 and 4 were rain 
fed, whereas the remaining fields were irrigated by 
a center pivot system.

Estimating Loss of Forage Quality

Five fields were sampled to determine the 
relationship between BSM injury and forage 
quality. Samples from Fields 1 and 2 were evaluated 
for yield and quality, whereas the samples from 
the other three fields were evaluated only for 
quality. All were irrigated except for Field 5 in 
Denton County. The forage samples (n = 30 per 
field) collected from these fields were submitted 
to the Texas A&M Soil, Water and Forage Testing 
Laboratory for analysis of crude protein (CP), 
percent acid detergent fiber (ADF), percent neutral 
detergent fiber (NDF), and percent total digestible 
nutrients (TDN) using near-infrared reflectance on 
dried and ground forage.

Calculating an Economic Injury Level (EIL)

An EIL, expressed as percentage of stems with 
visible BSM injury, was calculated as EIL = C/
VIDK, where C is the cost of insecticide and 
insecticide application per unit area of production 
($/ha), V is the market value per unit of production 
($/kg of dry forage), and ID is the slope of the 
regression analysis of yield loss across different 
pest densities or damage (Pedigo et al., 1986; 
Chasen et al., 2015). The slop, b, was estimated 
from the analysis of covariance as described 
below. K is proportional reduction in pest attack 
achieved by the control practice. This value is 
considered important if the control practice fails 
to significantly reduce the pest population below 
the damage boundary or level at which measurable 
yield loss occurs (Pedigo et al., 1986; Chasen et al., 
2015). This is not the case for BSM, as insecticide 
treatments reduced stem maggot damage by >90%, 
and therefore, K = 1 (Layton 2014).

Economic injury levels were calculated for a 
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range of typical control costs for insecticide and 
insecticide application and market values for 
bermudagrass hay. Retail prices of commonly 
used insecticide labelled for control of BSM 
in bermudagrass hay were obtained from local 
suppliers. Average prices for bermudagrass hay 
for north and central Texas were obtained from the 
USDA Market News Texas Hay Report (Hutton 
2018).

Data Analysis

Box plots of yield estimates from the six study 
fields were employed to determine whether the 
data were uniform and to remove outliers. A 
single measurement in one field was removed as 
an outlier, and the remaining 210 samples were 
used for analytical purposes. The data set was then 
subjected to an analysis of covariance (ANCOVA) 
using the PROC GLM option of SAS 9.4 (SAS, 
2008). The statistical model used field as a 
categorical variable and the percent stem damage as 
a predictor of harvest weight. Harvest weight was 
estimated from stem samples collected and dried 
as described and converted to kg/hectare estimate. 
Residuals from the overall model were analyzed 
using PROC UNIVARIATE with the NORMAL 
option to determine whether the distribution was 
random, an assumption when using this family of 
linear models. The Kolmogorov-Smirnov D-test 
indicated the residual scatter is normal (P>0.15). 
Results of the analyses were plotted using 
SigmaPlot 13 (Systat Inc., San Jose, CA).

The forage quality data were subjected to 
regression analysis using the PROC GLM 
procedure as described above. Percent CP, ADF, 
NDF, and TDN were each analyzed over all five 
fields against bermudagrass stem maggot damage 
to determine whether damage influence these 
nutritional factors.

Results
Impact of Infestation on Forage Yield

The overall ANCOVA model for stem injury 
and forage weight was significant (F = 55.62, df 
= 6,203, P < 0.0001, R2 = 0.62). The two model 
parameters were significant (field F = 48.05, df = 
5, P<0.0001, percent stem damage F =8.97, df=1, 
P<0.003) and the interaction between the two was 
not (F=1.53, df = 5, P>0.18). The slopes of the six 
lines were parallel and the model estimate for slope 
was -9.972596 (Fig 1). Model estimates for the line 
intercepts of individual fields were significantly 

different and reflected the variable yield potential 
of each field due to cultivar (Coastal vs. Tifton 85), 
irrigated versus dryland and fertilizer inputs.

For all fields, yield declined as the percentage 
of stems with BSM injury increased. The 
intercept and slope parameters of the model were 
significant (P<0.0001, T =23.6 and P<0.003, T= 
-3.0, respectively). Parameter estimates for each 
field were all significant, ranging from P=0.029 
to P<0.0001. Results from the Kolmogorov-
Smirnov D-test demonstrated the residual scatter 
to be normal (P>0.15, D =0.041 under Ho = no 
difference)

The EIL is dynamic as it responds to variable costs 
of insecticide application and crop values. We 
calculated EILs using published average costs for 
custom application of pesticides by ground and by 
air in east Central Texas of $19.00/ha ($7.69/acre) 
and $22.04/ha ($8.92/acre), respectively (Kloss 
2016). The estimated cost of grower-applied 
insecticide treatment was $15.96/ha ($6.45/acre) 
(Bennett 2018). Local retail costs of labelled 
insecticides, as determined from informal surveys 
of pesticide applicators in central Texas, averaged 
$9.27/ha ($3.75/acre) for a generic formulation 
of lambda-cyhalothrin. Given these estimates, 
the costs of insecticide plus application were 1) 
$25.20/ha ($10.20/acre) for a grower-applied 
generic pyrethroid applied by ground, 2) $28.27/
ha ($11.44/acre) for custom ground application 
of generic pyrethroid insecticide, and 3) $31.31/
ha ($12.67/acre) for aerial application of a generic 
pyrethroid. As control costs vary according to 
products, rates and application methods, a series 
of EILs were calculated for control costs ranging 
from $25 to $45/ha at intervals of $5/ha (Table 1).

Market values used in calculating the EIL 
represented the prices for round bales of coastal 
bermudagrass hay categories of Premium, Good, 
and Fair as described by the USDA Market News 
Service Texas Hay Report (Hutton 2018). These 
prices vary by season and year according to hay 
supplies and market demand. Four values, ranging 
from $0.07 to 0.20/kg ($0.03 – 0.09/lb), were 
selected to represent a seasonal range of prices 
for these common hay types. A series of EILs was 
calculated for these variable costs and crop values 
(Table 1).

Figure 1: Relationship between percent stem 
injury by bermudagrass stem maggot and forage 
yield in six commercial bermudagrass hay fields 
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in northcentral Texas.

Table 1: Economic injury level for bermudagrass stem maggot as percent of injured stems for different 
hay values and costs of insecticide ($/acre). 

Value of hay $/
kg ($/lb)

Cost of control, $/ha ($/acre)
25 ($10.12) 30 ($12.14) 35 ($14.16) 40 ($16.19) 45 ($18.21)

$0.20 ($0.09) 13 15 18 20 23
$0.15 ($0.07) 17 20 23 27 30
$0.11 ($0.05) 23 27 32 36 41
$0.07 ($0.03) 36 43 50 57 64

Impact of Bermudagrass Stem Maggot on Forage Quality

Bermudagrass stem maggot injury had a significant negative effect on percent crude protein (Figure 2) 
and TDN (Figure 3) and a significant positive effect on percent ADF (Fig. 4). Stem injury was unrelated 
to percent NDF (F = 0.0602, df = 1,147, P = 0.0602, R2 = 0.0238). However, for all quality measures, 
stem injury explained very little variability in the model. Attempts to increase model quality by inclusion 
of field as a parameter resulted in nonsignificance for injury as a parameter.
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Figure 2: Relationship between percent stem injury by bermudagrass stem maggot and percent crude 
protein of bermudagrass hay in five fields in northcentral Texas. y = -0.0625x + 17.22, P = 0.0247, R2 = 
0.0339, F = 5.15, df = 1,147.

Figure 3:  Relationship between percent stem injury by bermudagrass stem maggot and percent total 
digestible nutrients in five fields in northcentral Texas. y = -0.0493x + 63.57, P = 0.0038, R2 = 0.0553, 
F = 8.63, df = 1,147.
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Figure 4: Relationship between percent stem injury by bermudagrass stem maggot and percent ADF of 
bermudagrass hay in five fields in northcentral Texas. y = 0.03x + 31.18, P = 0.0014, R2 = 0.0674, F = 
10.62, df = 1,147.

Discussion 

Results of this study demonstrate that BSM injury 
has a significant negative impact on bermudagrass 
forage yield. Yield loss was estimated to be 9.97 
kg/ha (8.90 lb/acre) for each percentage of stems 
with BSM injury. Given a typical control cost 
of a custom application of a generic pyrethroid 
insecticide at ca. $30/ha ($12.14/acre), and a 
hay value of $0.11/kg ($0.05/lb), the EIL was 
calculated as 27% of the stems with BSM injury 
(Table 1). Mean stem maggot injury exceeded the 
EIL in three of the six study fields, indicating an 
insecticide treatment was economically justified in 
these fields (Table 1). However, if the infestation 
exceeded the EIL within a week of normal 
harvest, an early harvest could be considered as 
an alternative to an insecticide treatment (Baxter 
et al., 2017).

Additional studies are needed to define the 
economic threshold, ET, that is, the injury level at 
which an insecticide should be applied to prevent 
BSM injury from reaching the EIL. Information 
is needed on treatment efficacy and rate of control 
of BSM. At the time of sampling, there are small 
BSM larvae feeding internally but that have not yet 

caused leaf injury that is visually evident (without 
dissecting stems for larvae). These larvae will not 
be killed by currently labelled insecticides and will 
therefore contribute some additional yield loss 
after an insecticide is applied. The impact of these 
protected larvae, their relationship to when crop 
injury becomes visible, and the population growth 
rate will be important in determining the ET.

In this study, BSM infestation levels increased 
during the season (unpublished data), and except 
for the sample collected on 5 July 2017 (Field 
6), economically damaging infestations were not 
commonly observed until August-October. This 
is consistent with observations that damaging 
infestations do not typically occur until late in 
the second cutting (harvest) or third cutting in the 
central and north latitudes of southeastern United 
States, respectively (Baxter et al., 2017).
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Abstract 
Alfalfa is a very important forage for livestock feeding. In particular, due to the high crude protein 
content, it is widely used as a dairy cattle feeds. However, the cultivation of alfalfa is quite limited and 
main source is imported hay in Korea. There are many reasons, but most importantly, low productivity 
due to lack of boron in the soil. This experiment was conducted to expand domestic production and 
use of alfalfa. Alfalfa was sown in the fall of 2018 at 30 kg/ha seeding rate. Alfalfa was harvested four 
times (3 May, 2 July, 11 September and 13 October) in 2019 with three different cutting height (5, 15 
and 25 cm of stubble height) and investigate productivity, quality and regrowth. The plant height was 
the highest at the 3rd harvest (108 cm) and the dry matter content was the highest at the 1st harvest (28.78 
%). The yield of fresh and dry matter was the highest at the first. Annual fresh and DM productivity 
was significantly higher in 5cm cutting height. CP was highest at the 4th harvest and lowest at the 3rd. 
The higher the cutting height, the higher CP content. ADF and NDF contents decreased significantly 
with increasing cutting height (p<0.05). TDN content was highest at the 4th harvest and lowest at the 3rd 
harvest. It was also found that the higher the cutting height, the higher the TDN content. The relative 
feed value (RFV) of alfalfa was highest at the 4th fourth harvest (mean 164) and lowest at the 3rd harvest 
(mean 85). The RFV value increased with increasing cutting height and 25 cm cutting height plot was 
152. Regrowth after cutting was good at 15cm and 25cm height and 5cm treatment was slightly lower. 
In conclusion, the possibility of alfalfa production in Korea is sufficient and a cutting height of 5 cm or 
more is recommended and requires constant observation.

Introduction
Protein feed is very important in raising dairy 
cattle. Alfalfa hay is fed to most dairy cattle farms 
to supplement protein feed. Korea imports more 
than 200,000 tons of alfalfa hay every year, and 
it is increasing continuously. When the forage 
market opens in 2026, the amount of imports will 
be expected to increase. Therefore, it is judged 
that the production of alfalfa in Korea is urgent. 
However, alfalfa cultivation in Korea has been 
limited due to various reasons, but it is judged that 
the development and distribution of cultivation 
technology is necessary through various studies.

In Korea, alfalfa can be harvested 3 or 4 times 
a year and productivity is high. In grassland, 
regrowth should be considered at harvest to 
improve productivity. The cutting height is very 
important in terms of preserving stored nutrients 
for regrowth after harvest. Therefore, it is necessary 
to investigate the difference in productivity and 

quality according to the cutting height when 
harvesting alfalfa, and for this purpose, a study to 
set an appropriate cutting height is required. 

Therefore, this study was carried out to determine 
the change in productivity and feed value according 
to the cutting height when harvesting four times 
a year in Korea, and to establish an appropriate 
cutting height.

Materials and methods
Alfalfa (P5444) was sown in the experimental 
field of Seoul National University, Pyeongchang 
Campus (located at 37°32ʹ46.1ʺN, 128°26ʹ17.9ʺE, 
600m ASL) on August 28, 2018, Pyeongchang-
gun, Gangwon-do. The seeding rate was 30 kg/
ha, and the fertilizers of 18-180-120 (N-P-K) kg/
ha were applied annually. Nitrogen and phosphate 
fertilizers were distributed on the day of sowing 
and potassium fertilizer was divided into each 

mailto:forage@snu.ac.kr
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harvest period. 

In 2019, a total of four were harvested (May 3, July 
2, September 11 and October 13) and cutting height 
were 5, 15 and 25 cm. The harvested samples were 
then dried in a 65°C forced-air drying oven for 
72 h for determination of DM content The dried 
samples were subsequently milled using a Willey 
mill with a 1-mm screen into screw-top plastic 
bottles and preserved at 4°C in a dark, dry storage 
room until analysis. 

Acid detergent fiber (ADF) and neutral detergent 
fiber (NDF) were measured by the method of 
Van Soest (Van Soest et al., 1991). Crude protein 
(CP) was determined via the Dumas method, as 
described by Jean-Baptiste Dumas (1884). Total 
digestible nutrient (TDN) and relative feed value 
(RFV) were calculated by the formulae described 
by Holland et al., (1990). TDN was calculated from 

the ADF value (TDN% = 88.9 − 0.79 × ADF%), 
and RFV was estimated through digestible dry 
matter (DDM) and dry matter intake (DMI) as 
RFV = (DMI% × DDM%) / 1.29. 

Results
The plant height and forage quality according to 
the cutting height are as shown in Table 1. The 
cutting height did not affect the plant height, and 
there was the significant difference in plant height 
according to the harvest time. 

The crude protein content was highest at the 4th 
harvest and the lowest at the 3rd harvest. Also, 
as the cutting height increased, the crude protein 
content increased significantly (P<0.05). 

Table 1: Plant height and forage quality of alfalfa 
according to cutting height in northern area of 
Korea

Harvest

time

Cutting

height

(cm)

Plant

height

(cm)

CP

(%)

ADF

(%)

NDF

(%)

IVDMD

(%)

TDN

(%)
RFV

1st 5 76.4 17.51c 27.83a 43.08 79.08b 66.91b 145
15 74.7 18.18b 28.25a 42.11 77.71c 66.58b 148
25 75.7 19.53a 26.74b 39.74 80.70a 67.78a 160

Mean 75.6B 18.41C 27.61C 41.64C 79.16B 67.09B 151A

2nd 5 73.3 16.51c 33.41a 46.27a 76.43b 62.51c 127c

15 68.9 19.63b 30.67b 43.29b 76.79b 64.67b 140b

25 74.2 21.14a 23.47c 39.78c 83.40a 70.36a 165a

Mean 72.1B 19.09B 29.18B 43.11B 78.87B 65.85C 144B

3rd 5 107.5 12.73c 48.29a 62.41a 63.42b 50.75c 76c

15 108.3 14.42b 45.00b 60.37a 64.90b 53.35b 83b

25 110.2 17.79a 38.79c 56.42b 69.65a 58.26a 97a

Mean 108.7A 14.98D 44.03A 59.73A 65.09C 54.12D 85C

4th 5 42.0 24.03c 30.76a 45.90a 80.73c 64.60c 132c

15 41.5 27.73b 24.64b 42.17b 87.45b 69.43b 154b

25 40.3 30.95a 22.98c 39.11c 89.63a 70.75a 169a

Mean 41.3C 27.57A 26.13D 42.39BC 85.94A 68.26A 152A

Within a column, A-D different superscripts in capital letters indicate that main plots differ; a-c those in 
lower-case letters indicate that sub-plots differ (P < 0.05). 

The content of ADF and NDF decreased as the 
cutting height increased, and was highest in the 
third harvest, where the harvest was delayed. 
Digestibility was highest at the 4th harvest, and the 
higher the cutting height, the higher it was. 

The TDN content increased as the cutting height 
increased, and it was found in the order of 

4th>1st>2nd>3rd. On the other hand, the RFV 
values were high in the 1st, 2nd and 4th (151, 
144 and 152), but the 3rd harvest was low with an 
average of 85.

Table 2 shows the dry matter content and yield 
of alfalfa according to the cutting height. The dry 
matter content tended to decrease as the cutting 
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height increased, but there was no significant 
difference at the 3rd and 4th harvests (P>0.05). 
The yield of fresh matter, dry matter and TDN 
decreased as the cutting height increased, but there 
was no significant difference at the third and fourth 
harvests (P>0.05). 

Table 2: Dry matter content and yield of alfalfa 
according to cutting height in northern area of 
Korea

Harvest

time

Cutting

height(cm)

Dry matter

(%)

Yield (kg/ha)
Fresh matter Dry matter TDN

1st 5 30.39a 24,611a 7,478 a 5,004a

15 28.63b 23,667b 6,774b 4,510b

25 27.33c 22,334c 6,102c 4,136c

Mean 28.78A 23,537A 6,785A 4,550A

2nd 5 22.94a 24,278a 5,569a 3,481a

15 21.33b 22,000a 4,694b 3,036b

25 20.65b 18,555b 3,831c 2,696b

Mean 21.64B 21,611B 4,698B 3,071B

3rd 5 21.79 22,556 4,940 2,503
15 21.08 23,889 5,026 2,681
25 21.24 21,278 4,520 2,633

Mean 21.37B 22,574AB 4,829B 2,606C

4th 5 17.83 14,889 2,669 1,724
15 16.22 12,945 2,093 1,453
25 16.82 11,834 1,985 1,405

Mean 16.96C 13,222C 2,249C 1,527D

Within a column, A-D different superscripts in capital letters indicate that main plots differ; a-c those in 
lower-case letters indicate that sub-plots differ (P < 0.05). 

Figure 1: Total DM yield of alfalfa according to cutting height in northern area of Korea 
*HT: harvest time, CH: cutting height

The total dry matter yield according to the cutting height was the highest at 20,656 kg/ha at 5 cm 
cutting height and the lowest at 16,438 kg/ha at 25 cm (Figure 1). The total dry matter yield decreased 
as the cutting height increased, and the interaction was not significant. However, there was a significant 
difference in the crude protein yield during the harvest period (P<0.05, Figure 2), but there was no 
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significant difference in the cutting height (P>0.05).

Figure 2: Total CP yield of alfalfa according to cutting height in northern area of Korea 
*HT: harvest time, CH: cutting height

Discussion [Conclusions/Implications]

The recommended cutting height of alfalfa is 2 inches (5 cm). Even 1 inch does not have a big problem 
with regrowth, but it increases the ash content. Too often mowing can reduce (Dwane 2018). However, 
in this study, the height of the cutting was set somewhat high (5-25 cm), but about 5 cm is recommended. 
According to the reports of Shen et al., (2013), harvesting to the ground may be a management option 
to increase alfalfa yield in a short‐term cultivation system subjected to irrigation and fertilizer. In the 
alfalfa/grass mixed pasture, the cutting height (2 or 4 inches) did not affect the forage quality, but there 
was a difference in yield. Therefore, the cutting height should be determined differently depending on 
the field conditions, needs for forage, and the grass species planted (Thomas et al., 2006). 
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Abstract
In Malawi, feed shortage during the dry season (June-October) is a critical factor affecting smallholder 
dairying. Though suitable improved forages were long introduced, important parameters that indicate 
forage and hay quality for dry season feeding have been less well studied. This study evaluated the effect 
of cutting stage and turning frequency at drying of two tropical forages on nutrient composition and 
digestibility. A 23 factorial experiment laid out in Randomized Complete Block Design was conducted 
in Mzuzu milk shed area. Centrosema pubescens and Chloris gayana were established on four plots (5m 
x 3m) each by 24 dairy farmers; two plots per forage species representing two cuts at 14 and 18 weeks. 
At harvest, biomass was partitioned and sun-dried as follows: first lot was turned once while the second 
lot was turned twice daily for four days. Forage hay samples were collected for nutrient composition 
analysis. All data were subjected to analysis of variance. The results showed that fibre components 
increased with stage of maturity while CP and digestibility declined but Centrosema pubescens retained 
quality attributes. There were no significant interactions between forage species, cutting stage and 
turning frequency. It is concluded that harvesting at 14 weeks produced hay with high nutritive value 
than at 18 weeks. Frequency of turning had no effect on nutritive value of the hay. It is recommended 
to promote cultivation of improved pastures for hay making to complement cut and carry system using 
natural pastures.

Introduction
Smallholder dairy production is an important 
venture in Malawi contributing substantially to 
household food and income security for crop-
livestock farmers (Tebug et al., 2012). Generally, 
production is characterized by low inputs of a 
small herd size ranging from two to four cows. 
The majority of smallholder dairy farmers 
confine their dairy cows and practice zero-grazing 
throughout the year, hence require a steady supply 
of high-quality feeds to sustain milk production. 
However, feed shortage during the dry season 
(June-October) has been identified as a critical 
factor especially in the tropics and sub-tropics 
(Tebug et al., 2012). This problem stems from, 
among other reasons, high population pressure 
leading to less land allocated to improved pasture 
production which can be conserved for dry season. 
As a result, farmers rely on harvesting forages 
from natural communal grasslands. This practice 
is unsustainable, replete with immense challenges 
not least the low quality of the limited quantity 
of feed produced, and labour involved. The dry 
season feed gap is further compounded by some 

variations in rainfall pattern that negatively affects 
pasture production. 

Suitable cultivated forages have long been 
introduced in Mzuzu milk shed area including 
Panicum maximum, Pennisetum purpureum, 
Tripsacum andersonii, Chloris gayana and 
Centrosema pubescens. These forages are still 
popular with farmers for their adaptability and 
ability to provide quality feed. Even where 
improved forages are adopted, quality drastically 
declines with maturity (Enoh et al., 2005). Further, 
while facilitating the curing process, excessive 
turning of forages during hay making affect leaf 
shattering especially for legume forage resulting 
in a decline in quality (Suttie 2000). Some forages 
do not withstand short cutting intervals, and 
so these critical points need to be studied and 
managed properly to enhance the nutrient profile 
of hays for improved utilization. Specifically, the 
study intended to generate information that would 
enable smallholder dairy farmers to know the 
appropriate stage to harvest and properly conserve 
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Centrosema pubescens and Chloris gayana for dry 
season feeding.

Materials and methods
Study location. The study was conducted in the 
Mzuzu Milkshed Area (latitudes 11o 27ˈS-11o 36ˈS 
and longitudes 34o0ˈE-34o17ˈE at an elevation of 
1253 m asl), with annual average precipitation of 
1389 mm and temperature of 17.7oC. Soils from 
primary production fields belong to the sandy 
loams or sand textural class.

Study design, field management and hay 
making. A total of 24 farmers, six from each site, 
participated in the study. The experiment was a 
2x2x2 factorial arrangement laid out in randomized 
complete block design (RCBD) replicated six 
times. Treatments were represented by forage 
species, cutting stage and turning frequency with 
site (milk bulking group) as blocks. Centrosema 
pubescens seed were planted on two adjacent 
plots (5 m x 3 m) at a seeding rate of 4 kg/ha per 
participating farmer to represent the two forage 
harvesting periods (14 and 18 weeks after planting 
– WAP). The seeds were sown in rows spaced at 
15 cm along the length of the seed bed at a depth of 
2-3 cm. Chloris gayana was sown at a seeding rate 
of 2 kg per hectare on well prepared and ploughed 
plots (5 m x 3 m) to give two harvesting periods as 
described for Centrosema pubescens. The seed was 
first mixed with di-ammonium phosphate (DAP) 
fertilizer at a rate of 50 kg/ha and broadcasted to 
the seed bed to ensure uniform plant densities. 
Using a small tree branch the seed bed was gently 
raked so that the seeds were lightly covered by a 
thin layer of soil. Planting for both forages in all 
the four sites was done within the third week of 
January, 2015. All agronomic practices were kept 
the same for all the sites and weeding was done by 
hand. Forages were harvested at 14 and 18 WAP. 
For Centrosema pubescens, plants were cut at a 
height of 8 cm above ground level while Chloris 
gayana was cut at a stubble height of 15 cm using 
sickles. Fresh biomass from each single plot were 

partitioned into two and dried as follows: the first 
sample was turned once while the second sample 
was turned twice daily for four days. Forages were 
sun-dried in the field until curing was complete 
and hay was ready for stacking at the farmyard. 

Nutrient composition determination. All samples 
were prepared by grinding using a laboratory mill 
to pass through a 1 mm mesh screen, packed in 
airtight plastic containers. Analysis for DM, ash, CP 
and EE were determined using methods described 
by Association of Official Analytical Chemists 
[AOAC] (2002). Fibre components, NDF and 
ADF, were determined using the ANKOM200  Fiber 
Analyzer (ANKOM Technology Corp., Fairport, 
NY). ANKOM technology method 3 using 
the DAISYII Incubator (ANKOM Technology 
Corp., Fairport, NY) was used to determine in 
vitro dry matter digestibility (IVDMD). Gross 
energy content was determined in an oxygen 
bomb calorimeter (Parr 6100 Calorimeter, Parr 
Instrument Company, Moline, Illinois, USA).

Statistical analyses. The data were managed and 
analyzed with GenStat for Windows 17th Edition. 
Analysis of variance (ANOVA) using the General 
Linear Model was used as a statistical test. Means 
were separated using the Pearson’s protected LSD 
at 95% confidence level. 

Results
Nutrient composition and digestibility of the 
cultivated forages. A summary of nutrient 
composition and IVDMD of the forages is 
presented in Table 1. Overall, Centrosema 
pubescens had significantly higher CP, 132.9 g/kg 
DM, than Chloris gayana, 76.7g/kg DM (p<0.05). 
Both fibre fractions, NDF and ADF, were higher 
(p<0.05) in Chloris gayana, than in Centrosema 
pubescens. Considering the IVDMD, Centrosema 
pubescens was highly digestible (624.3g/kg DM) 
compared to Chloris gayana, (436.7g/kg DM) 
(p<0.05).

Table 1: Nutrient composition and digestibility of 
cultivated forages (g/kg DM)

DM CP NDF ADF GE† EE ASH IVDMD
Centrosema 902.9b 132.9a 622.3b 381.4b 16.19a 55.8b 86.8a 624.3a

C. gayana 906.4a 76.7b 808.8a 501.6a 14.46b 49.3a 89.4a 436.7b

SEM 0.10 0.21 0.75 0.64 0.14 0.06 0.25 0.51
 ab means with different superscripts within a column are significantly different (p<0.05), DM=dry matter, 
CP=crude protein, NDF=neutral detergent fibre, ADF=acid detergent fibre, GE†=gross energy (MJ/kg 
DM), EE=ether extract, IVDMD=in vitro dry matter digestibility, SEM=standard error of mean
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Effect of cutting stage and turning frequency 
during drying on nutrient composition and 
digestibility of improved forages. Table 2 presents 
data on nutrient composition and IVDMD of the 
forages as affected by the growing stage at cutting 
and the turning frequency during hay making. The 
analyses of variance for the 2 x 2 x 2 (forage type x 
cutting stage x drying method) interaction showed 
no significance (p>0.05) for all the variables. The 
results suggest that turning frequency during hay 
making did not significantly affect proximate 
components, gross energy and digestibility of the 
two forages at either of the two growth stages. 

However, a significant interaction was observed 
between forage species and cutting stage for 
both forages (p<0.05), with exception of NDF 
in Centrosema pubescens and ADF in Chloris 
gayana whose interactions were insignificant 
(p>0.05). Thus CP, EE, gross energy and IVDMD 
tended to drop with advanced maturity (18 WAP), 
but NDF concentrations in Centrosema pubescens 
were almost maintained contrasting with Chloris 
gayana whose concentration increased as 
harvesting was delayed.

Table 2: Nutritive value as affected by growth 
stage and turning frequency (g/kg DM)

F W M DM CP NDF ADF GE† EE ASH IVDMD
Cp 14 1 893.0b 138.3b 625.6b 363.7d 18.2a 61.4a 70.0c 646.7a

2 883.5c 151.7a 629.8b 369.9cd 17.8a 58.9a 72.0c 648.6a

18 1 917.1a 118.6c 613.7b 400.2b 14.4c 52.2b 105.2a 593.2b

2 918.1a 123.0c 620.0b 391.6bc 14.3c 50.7b 100.1a 608.8b

Cg 14 1 894.1b 89.5d 796.6b 500.2a 16.4b 53.0b 83.4bc 444.9c

2 890.7bc 88.1d 791.0b 494.4a 16.1b 52.6b 81.7bc 458.4c

18 1 921.5a 66.1e 816.0a 501.5a 12.7d 45.7b 98.4a   410.3d

2 919.2a 62.9e 831.7a 510.6a 12.6d 45.9c 94.2ab 433.2cd

SEM 0.19 0.42 1.50 0.90 0.28 0.13 0.50 1.02

abcde means with different superscripts within 
a column are significantly different (p<0.05), 
DM=dry matter, CP=crude protein, NDF=neutral 
detergent fibre, ADF=acid detergent fibre, 
GE†=gross energy (MJ/kg DM), EE=ether extract, 
IVDMD=in vitro dry matter digestibility, F=Forage 
species, W=cutting stage (weeks), M= turning 
protocol, Cp.=Centrosema pubescens, Cg=Chloris 
gayana, SEM= standard error of mean.

Discussion 
The nutrient composition values reported provide 
background information vital in diet formulation 
for dairy cattle.  Centrosema pubescens ranked 
highly in terms of CP, energy, digestibility and 
low fibre concentration compared to Chloris 
gayana. These differences can be explained by 
inherent characteristics of each species related 
to physiology and the ability to extract and 
accumulate nutrients from the soil and/or the 
capacity of a leguminous plant to fix atmospheric 
nitrogen. Dzowela (1990) reported slightly 
comparable values, with variations attributed 
to growing conditions, management during hay 
making which lead to differences in leaf: stem ratio, 
which has a major effect on differences in CP and 

fibre especially among legume forages. For both 
forages, the levels of CP in the hay exceeded the 
minimum of 75 g/kg DM suggested as necessary 
for optimum rumen function (van Soest 1994). CP 
levels in Centrosema pubescens also fall within 
the 100-180 g/kg DM range described by Moran 
(2009) to support lactation requirements of dairy 
cattle. The results confirm the potential of the two 
forage hays to improve the diets of dairy cattle 
during critical months. Centrosema pubescens was 
highly digestible attributed to high concentrations 
of readily degradable fractions such as CP as 
compared to high fibre fractions in Chloris gayana. 

In respect of the growth stage at harvest, as 
plants develop physiologically from vegetative 
to reproductive phases, there is an increased 
stem fraction compared to the leaf fraction. Stem 
elongation is accompanied by an accumulation 
of hemi-cellulose, cellulose and lignin, which 
provide strength to the plant. This accumulation 
dilutes the readily degradable cell contents such 
as CP and crude fat thereby reducing the overall 
quality of forage hays harvested at 18 WAP. For 
Centrosema pubescens, the NDF concentration 
at 18 WAP tended to be lower than at 14 WAP, 
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supporting earlier reports that improved legumes 
do not accumulate more cell wall components 
as is apparent in tropical grasses. Assessing the 
adequacy of the Chloris gayana hay, the CP 
content at 18 WAP was lower than recommended 
for a healthy rumen function (van Soest 1994) so 
too the IVDMD value. Stage of maturity is the 
most important of all the factors affecting hay 
quality (Enoh et al., 2005) and the one in which 
the greatest progress can be made. Therefore, 
harvesting forages at 14 WAP optimizes nutrient 
composition and offer quality hay that would 
support animal nutritional needs during the critical 
period.

No significant variations were observed between 
the two drying methods in this study. This finding 
is inconsistent with previous studies (Suttie 2000) 
which described losses in hay quality owing to 
poor weather conditions, mechanical influences 
and respiration, allied with the effects of turning 
and raking hay, which led to leaf shattering 
and decreased quality in terms of biomass and 
nutrients such as protein. Findings in this study are 
attributed to good conditions at harvest time such 
as no rainfall and excessive dew in the morning, 
which facilitated even drying and prevented leaf 
shattering. In addition, since only small quantities 
of forage were dried out in loose swathes, this 
facilitated even drying of leaves and stems 
preventing shattering (Kiesselbach and Anderson 
1931).  In contrast, when curing heavy yields of 
forages in deep swathes, moisture loss from stems 

is slower than from leaves and in the lower parts 
of the swathe, the leaves are brittle, crumbling and 
shattering easily. 

In conclusion, the study demonstrated that 
Centrosema pubescens harvested at 14 weeks after 
planting and conserved by sun drying had a higher 
nutritive value compared to the week 18 harvest 
to cover the dry season feed deficit. Frequency 
of turning during drying had no effect on nutrient 
composition of the hay in this study. Thus, dairy 
farmers can make hay from the evaluated forages 
using either method. The legume/grass mixture 
combines quantity and quality attributes. The 
policy implication of these findings is to promote 
cultivation of improved pastures for hay making to 
complement the cut and carry system with natural 
pastures, which decline in nutritive value in dry 
season. Improved pastures will in turn ensure good 
feed flow and adequate nutrition for dairy animals.
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Abstract
Natural and semi-natural grasslands represent an attractive forage source for cows in organic dairy 
farming. Throughout the grazing season, however, diverse factors such as climatic conditions, botanical 
composition, as well as grazing and herd management, can influence growth and nutritive value of 
forage on grasslands.

We aimed at investigating the influence of seasonality and grazing management in forage growth and 
nutritional quality in seven commercial organic dairy cattle farms during the grazing season 2019 
in South Germany. Therefore, forty exclusion cages (1 m2) were installed on pastures, which were 
under three different grazing systems: rotational, short-grass, and continuous grazing. Pasture herbage 
within and outside the cages was harvested every 4-6 weeks. The botanical composition of the pasture 
vegetation was estimated by visual observation, its sward height measured by a rising plate meter, 
and the aboveground biomass accumulation determined gravimetrically. Besides, air temperature and 
relative humidity were monitored by climate logger.

Pasture samples inside and outside the cages were measured for dry matter (DM) according to the 
Association of German Agricultural Analytic and Research Institutes (VDLUFA) methods. Crude 
protein (CP), neutral-detergent (NDF), and acid-detergent (ADF) fibre of the samples were determined 
by near-infrared spectroscopy (NIRS).

The forage biomass yield reached the growth peak in the second sampling (30.4 dt DM/ha) after 52 days. 
The CP concentrations outside the cages were greatest in late summer (166 g/ kg DM). While the ADF 
content outside the cages were greatest at the beginning of the grazing season (274 g/ kg DM). Besides, 
the CP content of the pastures was greatest under the short-grass system (193 g/kg DM) compared to 
the others systems.

In conclusion, the seasonality influences the nutritional characteristics of the herbage, as well as the 
grazing management. However, the grazing management is influenced by other factors that are difficult 
to statistically measure. 

Introduction
In the last decades, interest in using and conserving 
natural or semi-natural grasslands managed as 
pastures or meadows has again increased in 
Europe due to the multiple benefits, such as forage 
production (Gianelle et al., 2018). The temporal 
dynamics in herbage growth and nutritional 
composition are influenced by several factors 
such as the prevailing climatic conditions which 
vary across seasons, the botanical composition 
of the vegetation, and different grazing and herd 
management decisions on for instance, stocking 

density, hours at pasture, and level of feed 
supplementation (Probo et al., 2014). 

Therefore, it is essential to know and evaluate 
the dynamics in growth and nutritive value of 
herbage of these semi-natural pastures to ensure 
their role as a natural source of feed for domestic 
ruminants and to develop efficient and sustainable 
management practices (Pontes et al., 2007). 

In this context, this case study aimed at analysing the 
dynamics in plant growth, botanical composition, 
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and nutritional quality of the herbaceous 
vegetation on semi-natural temperate pastures 
for grazing dairy cattle in Southwest Germany 
during the grazing season 2019. A hypothesis was 
formulated: pronounced differences occur along 
the sampling time in forage biomass production, 
CP, NDF, and herbs percentage composition rather 

than grazing management.

Study Site and Methods
This case study was performed on seven 
commercial organic dairy cattle farms located in 
Southwest Germany from April to October 2019 
(Table 1).

Table 1: Characteristics of seven commercial organic dairy farms in Southwest Germany during the 
grazing season 2019 (arithmetic means; standard deviation is given in parenthesis).
Variable Farm A Farm B Farm C Farm D Farm E Farm F Farm G
Altitude (m 
above sea 
level)

788 537 387 678 807 549 302

Ambient air 
temperature 
(°C)

14 (3.7) 15 (4.4) 15 (4.4) 14 (4.1) 14 (4.0) 15 (3.9) 15 (4.0)

Rainfall 
(mm)

103 (50.3) 81 (29.8) 99 
(42.4)

76 (31.8) 88 (44.3) 93 (27.4) 81 (24.9)

Relative 
humidity 
(%)

75 (11.4) 63 (8.2) 76 (7.2) 77 (8.3) 75 (9.0) 76 (10.0) 79 (8.3)

Breed Simmen-
tal

Simmental, 
crossbreed

Holstein 
Friesian

Simmental, 
crossbreed

Simmen-
tal

Brown 
Swiss, Sim-

mental

Brown 
Swiss

Dairy cows 
(n)

27 35 68 40 42 67 40

Area for 
grazing (ha/
farm)

8.2 10.0 36.9 3.0 17.2 9.9 6.2

Grazing 
system

Rotational Rotational Short-
grass

Continuous Short-
grass

Continuous Rota-
tional

Pasture cag-
es (n)

6 5 10 2 7 1 8

In total, forty grazing exclusion cages (0.5 x 2 m) 
were placed in 16 pastures (1.5-3 ha each) before 
the grazing period started to measure the forage 
yield across the grazing season. Inside and outside 
the exclusion cages, the herbaceous vegetation 
was sampled every 4-6 weeks from mid of April to 
end of October 2019, resulting in four samplings 
per farm. For this, a wooden frame was positioned 
inside the cage or outside in close vicinity of 
the cage. First, the botanical composition of the 
aboveground plant biomass was recorded visually, 
estimating individual species’ frequency and the 
proportion of total fresh plant biomass in the frame 
belonging to the following species group: grasses, 
clover, and herbs other than clover. A rising plate 

meter was used to measure the condensed sward 
height in five points per frame, and the average 
height was taken. Finally, the herbaceous plant 
biomass was cut manually with electric garden 
shears at 1cm above the ground, and the harvested 
plant biomass was weighed and dried in a forced-air 
oven at 45°C for 72 h. Thereafter, the dried herbage 
samples were first ground to pass a 1.0-mm-screen 
using a cutting mill and subsequently, to 1.0 mm 
in a cutting mill. Herbage samples from the cages 
and outside the cages were analysed for DM and 
organic matter (OM) according to the Association 
of German Agricultural Analytic and Research 
Institutes (VDLUFA) methods (methods 3.1, 8.1, 
respectively; VDLUFA, 1976). Additionally, CP, 
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NDF, and ADF concentrations of the samples 
were determined by near-infrared reflectance 
spectroscopy.

Ambient air temperature and relative air humidity 
were recorded every 60 min from April to October 
2019 by one data logger per farm positioned close 
to the grazing pastures. Rainfall information was 
taken from the data registered by the different 
weather stations, 10-15 km away from the farms 
(Table 1).

Forage allowance and growth rate were obtained 
according to the equations from Stuth et al., (1981). 
A two-way ANOVA with repeated measures was 
performed. The model included cut number and 
grazing system and their interactions to evaluate 
the temporal changes in biomass production, 
compressed sward height, CP, NDF, and ADF. As 
well as forage growth rate, herbage allowance, and 
the percentage botanical composition. 

Results
Sampling time had an effect on forage biomass, 
with greatest forage growth rate in mid-summer 
and decreasing plant growth towards the end of 
the grazing season (Table 2). Growth rate was not 
influenced by grazing system (Table 2). Instead, 
compressed sward height between the grazing 
systems with low height for the short-grass system 
and a relatively constant value for the rotational 
grazing (Table 2). 

The concentrations of CP, NDF, and ADF were 
influenced by sampling time and grazing system. 
With greater CP concentrations towards the end 
of the grazing season and with short-grass than 
continuous grazing system (Table 2). While ADF 
concentrations were higher at the beginning of 
the grazing season and within rotational system 
compared to short-grass system. There was an 
interaction between sampling time and grazing 
system for NDF concentrations the pastures’ NDF-
content started at the beginning of the season over 
500 g/kg DM and decreased for the second and 
third sampling, while increased at the end of the 
season (Table 2). Together with this, it seems that 
the NDF content of the pastures is favoured under 
rotational grazing system compared to short-grass 
system during the grazing season 2019 (Table 2).

Botanical composition differed between sampling 
time, but not between grazing systems, with greater 
proportions of clover and herbs other than clover 
of total forage biomass during the second sampling 

time (Table 2). While the herbage composition 
was mainly based on grass at the beginning of the 
grazing season (Table 2). 

Discussion 
Maximum forage biomass production was reached 
in the second sampling time, which corresponds 
to mid-summer. Stem elongation of native species 
in European grasslands happens at the end of 
May or the beginning of June with maximum 
grass growth in July (Bruinenberg et al., 2002).  
The climatic conditions during the mid-summer 
i.e. air temperature and rainfall are ideal for 
forage biomass, although grazing system did not 
influence biomass production, suggesting that 
biomass production is more influenced by season. 

The nutritional value (CP and NDF) from native 
European grasslands followed a seasonal pattern, 
in accordance to Pontes et al., (2007) the CP 
content at the beginning of the grazing season was 
lower due to the phenological stage at spring and 
increased during the year. The shift in the botanical 
composition especially/specifically the clover and 
herbs that were not clover may be explained by 
the phenological development in the semi-natural 
grasslands.

On the other hand, it seems that grazing system 
had more influence in the nutritional composition 
of the herbage where CP is positively influenced 
under short-grass system, whereas NDF and ADF 
content were in the rotational system favoured. 
However, evaluating the grazing management 
system is difficult to measure, because the factors 
cannot always be measured statistically.

Conclusions
In conclusion, plant growth, botanical composition, 
and nutritional quality of forages on pastures of 
organic dairy cows in Southwest Germany vary 
with season and grazing management. Further 
research is needed to predict the dynamics in 
quantity and quality of forage in natural or semi-
natural grasslands to optimize its utilization while 
preserving their other ecosystem functions.
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Effect of native grassland intensification over cattle performance 
 

Caram, N.*; Casalás, F.; Cadenazzi, M.; Zanoniani, R; Boggiano, P.
* Faculty of Agronomy, Universidad de la Republica, Paysandú, Uruguay

Key words: native grassland overseed; native grassland fertilization; nitrogen; legumes; beef growing 
cattle

Abstract
The objective was to evaluate the effect of different levels of intensification in native grassland over 
cattle live weight gain (LWG), stocking rate (SR) and average daily gain (ADG) in Uruguay. The 
study was carried out in 7.8 ha in Paysandú, between winter 2015 and autumn 2019. Experiment was a 
randomized complete block design, with 4 replicates. The four treatments applied were native grassland 
(NG), NG overseeded with Trifolium pratense (6 kg.ha-1) and Lotus tenuis (6 kg.ha-1) + 40 kg.ha-1 of 
P2O5 (NGO), NG fertilized with 60 kg.ha-1 of N + 40 kg.ha-1 of P2O5 (N60) and NG fertilized with 120 
kg.ha-1 of N + 40 kg.ha-1 of P2O5 (N120). Fertilizers used were urea and a blend of 7-40/40-0-4. Animals 
were growing Holstein steers, with initial live weight of 180 ± 22 kg. Treatments management consisted 
of rotational stocking system, subdivided in 4 plots, according to blocks. Grazing periods were 14 ±1 
day, and rest periods were 45 ±2 days, totaling a grazing cycle of 60 days. The average area of the plots 
of NG and NGO treatments was 0.72 ha while the treatments of N60 and N120 was 0.26 ha. The SR was 
significantly different between treatments (P = 0.066). The SR in N60 was 868 ±85 kg LW.ha-1, in N120 
was 856 ±124 kg LW.ha-1, in NGO was 583 ±91 kg LW.ha-1 and in NG 544 ±40 kg LW.ha-1. The ADG 
was not different between treatments (P = 0.372), averaging 0.472 kg LW.animal-1.day-1. The LWG was 
different between treatments (P = 0.050). The LWG was higher in N60 (432 ±107 kg LW.ha-1.year-1), 
intermediate in N120 (391 ±91 kg LW.ha-1.year-1) and NGO (306 ±148 kg LW.ha-1.year-1) and lower in 
NG (206 ±63 kg LW.ha-1.year-1). Increasing levels of intensification in native grassland allow higher 
ADG and SR, determining higher LWG. 

Introduction
Managements practices such the use of herbage 
allowance (HA), which relates the herbage mass 
and the stocking rate, determines the paddock 
herbage mass and intake rate for its effect in the bite 
mass (Carvalho et al., 2015). Furthermore, the HA 
affects the ingestive behaviour through the grazing 
and rumination time (Scarlato 2011), and the 
forage chemical composition harvested by animals 
(Piaggio et al., 1996) and so through energetic cost, 
detetermines the average daily gain (Carvalho et al., 
2015). The high vegetation heterogeneity on native 
pastures (Villalba et al., 2002)”type”:”article-
journal”,”volume”:”97”},”uris”:[“http://www.
mendeley.com/documents/?uuid=0fa5c0fd-
970e-4658-bef5-1ce0037cf5a9”]}],”mendeley
”:{“formattedCitation”:”(Villalba et al., 2002 
maintained at intermediate and high herbage 
allowance (i.e. not under or overgrazed, 8 and 
12%), allows for greater selectivity (Mezzalira et 
al., 2012)”type”:”article”},”uris”:[“http://www.
mendeley.com/documents/?uuid=e6da44e1-
4983-4816-8b55-fc2338b0bdf4”]},{“id”:”ITEM-

2”,”itemData”:{“DOI”:”10.2111/08-104.1”,”ISS
N”:”15507424”,”abstract”:”Novel concepts and 
tools to promote progress in grazing science and 
management need to incorporate heterogeneity 
and nonlinear scaling of spatially and temporally 
distributed ecological interactions such as diet 
selection, defoliation, and plant growth. Traditional 
grazing management factors are number of 
animals, species and category of animals, spatial 
distribution of forage demand, and temporal 
distribution of forage demand. These traditional 
methods have been based on a paradigm that is 
static, assumes equilibrium conditions, and does 
not consider scaling issues, neither in time nor in 
space. Three related issues that can contribute to 
the progress in the understanding and management 
of grazing systems are spatial heterogeneity, 
eventdriven dynamics, and scaling effects. Spatial 
heterogeneity of species and defoliation determine 
pasture stability by modulating competition and 
response to heterogeneous defoliation. When 
pasture species are well mixed, livestock are 
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less able to select their preferred diet. When 
species are separated into larger and more easily 
identifiable patches, the selected diet approaches 
the preferred one. Simultaneously, patchiness 
in pasture components and redistribution of 
nutrients by grazing can lend global compositional 
stability to grass-clover pastures. Grazing at high 
animal density can be studied using the paradigm 
of eventdriven dynamics. Several mechanisms 
suggest that grazing systems should have allometric 
spatial and temporal scaling in addition to the well-
recognized allometric scaling of food requirements 
with body mass. Grazing system performance 
should scale allometrically with pasture size 
because both resource distribution and animal 
movements frequently have fractal properties. As 
pasture size increases, fewer hierarchical levels 
of grazing behavior are constrained, and the new 
spatial patterns introduce nonlinearity in the 
response to pasture size. Operant conditioning of 
foraging behavior, conditioned aversions, plant 
spatial pattern, pasture size and shape, timing 
and duration of grazing periods, and number 
of animals are discussed as precision tools to 
manage grazing systems.The Ingestive Behaviour 
of Cattle in Large-scale and Its Application to 
Pasture Management in Heterogeneous Pastoral 
Environments”,”type”:”article-journal(Hodgson, 
1982b; Laca, 2009; Mezzalira et al., 2012, 
resulting in a better quality diet than the average 
of pasture (Piaggio et al., 1996). Using variable 
HA throughout the year as a zero-cost practice 
management, allowed to express the potential 
productivity of the grazing native systems, which 
triplicates the live weight gain productivity, 
from 70 to 200 kg LW.ha-1.year-1 (Nabinger and 
Carvalho 2009).

The next step of increasing intensification practices 
are introduction of exotic species and fertilization, 
which cause important changes in native pastures 
productivity and community dynamics. Nitrogen 
and phosphorus fertilization and the incorporation 
of non-native, cool-season legumes, usually named 
pasture improvements, increase annual forage 
production and shifts seasonal patterns (Ayala and 
Carambula 1994; Zanoniani et al., 2011). These 
interventions determine variations in the botanical 
composition, pasture structure (Boggiano 2000), 
and the overall nutritive value also increases 
(Bemhaja 1994). Additionally, in mixed pastures, 
animals tend to have greater selectivity towards 
legumes, spending more time searching and 

selecting (Chapman et al., 2007).

Based on background research in south Brazil 
and north and east Uruguay, we hypothesized 
that the use of practice managements as HA and 
the introduction of legumes and fertilization in a 
western Uruguay Campos, determine an increase 
in forage production, allowing an increase in 
stocking rate. Additionally, these interventions 
determine an increase in nutritive value which 
implies an increase in daily gain. Both an increase 
in stocking rate and animal performance determines 
an increase in annual live weight gain. Therefore, 
the objective of the study was to evaluate the 
effect of different levels of intensification in native 
grassland over cattle live weight gain (LWG), 
stocking rate (SR) and average daily gain (ADG) 
in western Uruguay Campos.

Materials and methods 
The study was carried out in 7.8 ha at the 
Experimental Station “Mario A. Cassinoni” 
(EEMAC), Faculty of Agronomy, Paysandú (32 
° 23’55,67’’S and 58 ° 2’42,34’’W), Uruguay, 
between winter 2015 and autumn 2019. Historical 
annual average rainfall and temperature (1980-
2009) are 1238 mm and 18.1 °C, respectively. The 
soil types of the study area were Lithic Hapludolls 
(28%), Natruaqolls (26%), Argialbolls (23%) 
and Argiudolls (22%) (Duran et al., 2005). The 
vegetation was a native grassland dominated by 
species of Poaceae family in low stratum (< 25 
cm) like Axonopus affinis Chase, Bromus auleticus 
Trinius, Mnesithea selloana (Hack.) de Koning & 
Sosef, Nassella mucronata (Kunth) R. W. Pohl, 
Paspalum dilatatum Poir. and Paspalum notatum 
Flüggé. Species in medium stratum (25 – 70 cm) 
were shrubs like Baccharis coridifolia DC. and 
Eryngium horridum Malme, and in high stratum 
(> 70 cm) were trees species like Acacia caven 
Molina and Prosopis affinis Spreng. 

The experiment was arranged in a randomized 
complete block design, with four replicates. Blocks 
were defined according to the topographic position 
in experimental area. The four treatments applied 
were native grassland (NG), NG overseeded with 
Trifolium pratense (6 kg/ha) and Lotus tenuis (6 
kg/ha) + 40 kg/ha of P205 (NGO), NG fertilized 
with 60 kg/ha of N + 40 kg/ha of P205 (N60) 
and NG fertilized with 120 kg/ha of N + 40 kg/
ha of P05 (N120). Fertilizers applied were urea 
(0-46/46-0-0, N-P-K-S) and a blend of 7-40/40-
0-4. The animals utilized in the experiment were 
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growing Holstein steers, with initial live weight of 
180 ± 22 kg. Animals were randomly allocated to 
each treatment. The steers were weighted every 30 
days with a 12-hour fast. The average area of the 
plots of NG and NGO+P40 treatments was 0.72 ha 
while the treatments of N60 and N120 was 0.26 
ha. Treatments management consisted of rotational 
stocking system, subdivided in 4 plots, according 
to blocks. Grazing periods were 14 ±1 day, and 
rest periods were 45 ±2 days, totaling a grazing 
cycle of 60 days. The pasture management was 
based on the herbage allowance, managing during 
autumn and winter 7-9% of herbage allowance, 
and 10-12% during spring and summer. 

A variance analysis was performed to determine 
differences between treatments in relations to 
stocking rate, average daily gain and live weight 
gain, where blocks, animals and years were used 
a repeated measure using R Development Core 
Team (2018).

Results
The annual real herbage allowance between 
treatments was between 8 and 12 kg DM. kg 
LW-1. These management allowed that the 
residual average pasture height was at least 7 cm. 

We observed an effect of the native grassland 
intensification over stocking rate and live weight 
gain per area but not over animal daily gain. 
The stocking rate was significantly different 
between treatments (P= 0.066). Increasing levels 
of intensification in the native grassland allowed 
higher stocking rate. The SR in N60 was 868 ±85 
kg LW.ha-1, in N120 was 856 ±124 kg LW.ha-1, in 
NGO was 583 ±91 kg LW.ha-1 and in NG 544 ±40 
kg LW.ha-1 (Table 1). 

Conversely, we did not observe and effect of the 
native grassland intensification over the animal 
daily gain. The ADG was not different between 
treatments (P = 0.372), averaging 0.472 kg 
LW.animal-1.day-1 in all treatments. Finally, the we 
observed an effect of the intensification over the 
live weight gain per area (P = 0.050). The LWG 
was higher in N60 (432 ±107 kg LW.ha-1.year-1), 
intermediate in N120 (391 ±91 kg LW.ha-1.year-1) 
and NGO (306 ±148 kg LW.ha-1.year-1) and lower 
in NG (206 ±63 kg LW.ha-1.year-1). 

Table 1: Mean treatment effect (NG: native 
grassland, NGO: overseeded native grassland, 
N60 and N120: fertilized native grassland with 60 
and 120 kg.ha-1 of N, respectively) and standard 
error (SE) on stocking rate (SR), average daily 
gain (ADG) and live weight gain (LWG) 

NG NGO N60 N120 SE P-value
SR (kg LW.ha-1) 544 583 868 856 98 0.066
ADG (kg LW.animal-1.
day-1) 0.374 0.523 0.521 0.471 0.065 0.372
LWG (kg LW.ha-1.year-1) 206a 306ab 432b 391ab 54 0.050

Different letters following means in rows indicate 
statistical significance at P < 0.05.

Discussion
Our results showed that a grazing pasture system 
under non-limiting pasture quantity and nutritive 
value with intermediate herbage allowance (8 to 
12%) it is possible to triple the annual live weight 
gain per area as other authors showed in other 
Campos regions (Nabinger and Carvalho 2009). 
The residual average height was at least 7 cm in 
all treatments and years. Therefore, we confirm 
that conducting different native pastures over 
the Campos region with intermediate HA and 
pasture height at least 7 cm and zero cost we could 
obtained 200 kg LW.ha.year (Rodriguez Palma 
and Rodriguez 2017). 

The higher stocking rate with higher levels of 

intensification is due to the higher pasture growth 
rate, which at the same herbage allowance allowed 
higher stocking rate. Other authors found an effect 
of direct introduction of N as urea and indirect 
introduction as biological nitrogen fixation over 
the growth rate (Zanoniani et al., 2011). 

On the other hand, the native grassland fertilized 
and the overseeded with legumes allowed greater 
diet quality, basically on the effect over crude 
protein in pasture and diet (Piaggio et al., 1996). 
Furthermore, our results showed that managing 
native grasslands with optimal herbage allowance 
(8 – 12 %), enable higher SR than classical 
management and in fact, tripled the LWG obtained 
with classical management in the region as 
Uruguay, northern Argentina, and southern Brazil. 

Therefore, we found that managing native 
grassland under optimal herbage allowance and 
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zero costs, we could triple the LWG per area. If we 
overseed with legumes and fertilized with nitrogen 
and phosphorus we can obtain higher LWG per 
area as a result of an increase in SR and animal 

performance. Finally, we observed an effect of 
nitrogen fertilization up to 60 units per area per 
year. Considering economical, and basically 
ecological sustainability, the use of 120 units of 
nitrogen per area per area, does not seem to be 
recommended. 
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Effect of prompt-delayed packaging and ensiling time on fermentation and aerobic stability of 
soybean curd residue  

 
Ajmal, W.1; Takeshi, T.; Naoki, N.

1Graduate School of University, Environmental and Life Science, Okayama Okayama

Key words: amplicon sequencing; bacteria; silage; soybean curd residue 

Abstract
Wet soybean curd residue (SCR) obtained from two tofu factories (F1 and F2) was anaerobically stored 
with or without added beet pulp (BP). Sealing was performed on the day of tofu production (prompt 
sealing [PS]) or 2 days after SCR was piled and unprocessed (delayed sealing [DS]). Predominant 
lactic acid fermentation was observed regardless of the sealing time and BP addition. Acinetobacter 
spp. were the most abundant (>67%) bacteria in pre-ensiled SCR, regardless of the factory and sealing 
time. In PS silage, the abundances of typical lactic acid-producing bacteria, such as Lactobacillus, 
Pediococcus, and Streptococcus spp. reached >50%. In DS silage, Acinetobacter spp. were the most 
abundant in F1 products, whereas Bacillus spp. were the most abundant in long-stored F2 products. 
These results indicated that owing to preceding processing, including heating, distinctive microbiota 
may have participated in the ensiling of wet by-products. Lactic acid fermentation was observed even in 
DS silage, and an association of Bacillus spp. was suggested. 

Introduction
A significant amount of soybean curd residue 
(SCR) is generated as a by-product from the 
manufacturing of tofu, a traditional Asian food 
prepared by coagulating soy milk. The sum of 
SCR in China, Korea, and Japan is approximately 
3.9 million tons per year, equivalent to the annual 
amount of tomato pomace generated globally 
(Knoblich et al., 2005). Although the low dry matter 
(DM) content (about 200 g/kg) of wet SCR poses 
a challenge to its handling and transportation, its 
high crude protein content (about 250 g/kg DM) 
makes it an attractive ingredient for use in animal 
feed. In addition, the storability of SCR can vary 
greatly between factories and seasons because 
of large differences in the handling procedures 
executed by vendors.

The industrial scale of tofu manufacturing varies 
widely across factories. In addition, their locations 
are scattered, and are separate from the livestock 
sector. Daily on-site ensiling is difficult to perform, 
thus sealing is often delayed in practice. This lowers 
the opportunity for the stable production of a high-
quality feed and increases the risk of spoilage due 
to rancidity, especially in hot summers.

In this study, the effect of prompt-delayed 
packaging and ensiling time on fermentation and 
aerobic stability of soybean curd residue was 
examined. The objective was to characterize the 
microbiota associated with SCR silage stored 
under PS and DS conditions. Both bacterial and 

fungal microbiota were assessed using high-
throughput amplicon sequencing.

Materials and methods 
Two sets of SCRs were obtained from F1 and F2, 
and each was further divided into 2 subsets. The 
first and second subsets of SCR were subjected to 
PS and DS ensiling, respectively. Briefly, 300 g of 
wet SCR was sealed in a plastic bag (Hiryu BN-
12; Asahi Kasei Pax, Tokyo, Japan) in triplicate, 
with or without dried BP (60 g). Air was removed 
using a vacuum sealer (SQ-303; Asahi Kasei Pax, 
Tokyo, Japan), and the bags were stored at room 
temperature. The silos containing the samples 
were opened after 2 weeks and 3 and 6 months 
to examine the fermentation products and evaluate 
the bacterial and fungal microbiota. 

Chemical composition was performed as described 
by (Tran et al., 2014). Silage samples were added 
to a 20× volume of sterilized phosphate-buffered 
saline (pH 7.4). DNA extraction was performed 
as described by (Yu et al., 2014). Both bacterial 
and fungal microbiota were assessed using high-
throughput amplicon sequencing (Ni et al., 2017)

Results
Chemical composition and fermentation

When F1 SCR was ensiled, lactic acid fermentation 
was observed regardless of PS and DS (Table 1). 
The lactic acid levels were 37.5 and 55.5 g/kg 
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DM at 2 weeks in PS and DS silage, respectively. 
After storage for 6 months, the lactic acid content 
increased by about 40% compared to that at 2 weeks. 
BP addition suppressed lactic acid production, and 
this effect was manifested in DS silage. The acetic 
acid content was 6‒20% of the lactic acid content, 
with levels higher than PS silage. The addition of 
BP increased the acetic acid content in PS silage 
stored for 3 and 6 months. The ethanol content was 
lower than the acetic acid content and greater in 
DS than in PS silage. Although the NH3-N content 
was as low as 0.13 g/kg DM even in long-stored 
PS silage, the level was substantially high (as 
much as 2.0 g/kg DM) in DS silage. The addition 
of BP lowered the NH3-N level in DS silage but 
not in PS silage.

When F2 SCR was ensiled, lactic acid fermentation 
was predominant, and DS enhanced the lactic 
and acetic acid contents (Table 2). Similar to F1 
SCR silages, BP addition suppressed the lactic 
acid content in DS silage and increased the acetic 
acid content in PS silage. Likewise, the NH3-N 
content attained at 2.0 g/kg DM in DS silage 
and BP addition only lowered the NH3-N levels 
in PS silage. Unlike F1 SCR ensiling, however, 
substantial amounts of propionic and butyric acid 
were produced, and the levels of 20 g/kg DM at 6 
months were greater than those of acetic acid in 
PS silage.

Table 1: Composition of fermentation products 
of factory 1 soybean curd residue silage prepared 
with prompt and delayed sealing (S) and with and 
without beet pulp (BP) addition. 

Item Prompt sealing Delayed sealing Two-way ANOVA

Control +BP Control +BP MSE S BP S X BP

pH 2W 4.39 4.18 4.28 4.32 0.08 NS NS NS

3M 4.16 4.20 4.24 4.09 0.02 NS * **

6M 4.12 4.08 4.22 4.08 0.02 NS ** NS

Lactic acid (g/kg DM) 2W 37.5 33.9 55.5 41.2 1.02 ** ** **

3M 48.2 39.6 79.8 53.8 1.79 ** ** **

6M 54.5 39.1 75.6 50.7 2.12 ** ** NS

Acetic acid (g/kg DM) 2W 2.65 3.98 7.04 6.94 0.37 ** NS NS

3M 4.45 8.16 14.9 13.1 0.80 ** NS **

6M 7.69 10.7 12.6 10.1 0.70 * NS **

Propionic + Butyric 2W 0.00 0.00 0.00 0.00 0.00 NS NS NS

acids (g/kg DM) 3M 0.00 0.00 0.00 0.00 0.00 NS NS NS

6M 0.00 0.00 2.08 0.00 0.42 * * *

Ethanol (g/kg DM) 2W 2.33 3.24 4.04 3.67 0.25 ** NS *

3M 1.32 3.19 2.61 1.97 0.25 NS * **

6M 0.00 0.00 3.68 2.79 0.17 ** * *

NH3-N (g/kg DM) 2W 0.06 0.10 1.98 1.35 0.12 ** * *

3M 0.13 0.12 1.08 0.48 0.09 ** ** **

6M 0.13 0.07 2.05 0.83 0.17 ** ** *

2W; 2 weeks, 3M; 3 months, 6M; 6 months. 
NS; not significant, *; P<0.05, *; P<0.01
Bacterial microbiota

The MiSeq sequencing resulted in non-chimeric 
sequence reads with an average of 68,820 and 
70,626 for F1 and F2 samples, respectively. 
Acinetobacter spp. were the most abundant 

bacteria (67.4%) in pre-ensiled F1 SCR (Figure 1). 
In F1 PS silages, the abundance of Acinetobacter 
spp. was 7.6‒26.1% at 3 months, growing to 
>40% at 6 months. Although Lactobacillus spp. 
were undetectable in pre-ensiled F1 SCR, the 
abundance increased to 8.99% and >30% at 2 
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weeks and 3 months, respectively, in F1 PS silage. 
Streptococcus spp. were found at >20% in pre-
ensiled F1 SCR. The abundance was retained until 
3 months before decreasing to <10% at 6 months. 
After 6 months of storage, Bacillus (2.7‒4.9%), 
Enterococcus (1.2‒2.5%), and Clostridium spp. 
(3.0‒4.4%) in F1 PS silage became non-negligible.

The abundance of Acinetobacter spp. in SCR 
increased to 88% during piling and unprocessing 
for 2 days. Although the abundance decreased 
during prolonged ensiling, levels of 57.2‒65.2% 
were observed in F1 DS silage even after 6 months. 
BP addition did not affect the abundance of 
Acinetobacter spp. The abundance of Lactobacillus 
spp. was maintained at <6% throughout the 6 
months in F1 DS silage, regardless of BP addition. 
Likewise, Streptococcus spp. were found at 5.3% 
after ensiling, however, the abundance was almost 
unchanged throughout ensiling. Meanwhile, the 
abundance of Bacillus spp. increased to 16.7‒19.7% 
at 6 months from <1% at the time of ensiling in 
F1 DS silage.Acinetobacter spp. were by far the 
most abundant bacteria (91.9%) in pre-ensiled F2 
SCR, followed by Enhydrobacter spp. (4.47%). In 
F2 PS silage, the abundance of Acinetobacter spp. 

was <10% at 3 months, and increased to >20% at 6 
months, regardless of BP addition. Similar to pre-
ensiled F1 SCR, although Lactobacillus spp. were 
initially undetectable at ensiling in F2 PS silage, 
the abundance increased to 7.19‒16.6% at 2 weeks 
and 32.5‒50.7% at 3 months. Streptococcus spp. 
were observed at <0.5% at ensiling, >20% at 
2 weeks, and 8.5‒18.0% at 6 months in F2 PS 
silage. As a result of long-term storage, Bacillus 
(1.7‒2.1%) and Enterococcus spp. (4.0‒5.6%) 
were also observed in F2 PS silage. Unlike the 
F1 SCR silages, Clostridium spp. were found 
at around <1.0% in F2 PS silage stored for 6 
months. Keeping SCR piled and unprocessed for 
2 days decreased the abundance of Acinetobacter 
spp. (69.2%) in pre-ensiled F2 SCR. Although 
Acinetobacter spp. remained the most abundant 
taxon at 2 weeks, Bacillus spp. became apparent 
after prolonged ensiling and were the most 
abundant bacteria (46.8‒65.3%) at 6 months in F2 
DS silage. The abundance of Lactobacillus spp. in 
F2 DS silage remained low (<10%), regardless of 
BP addition.

Table 2: Composition of fermentation products 
of factory 2 soybean curd residue silage prepared 

with prompt and delayed sealing (S) and with and without beet pulp (BP) addition. 

Item Prompt sealing Delayed sealing Two-way ANOVA

Control +BP Control +BP MSE S BP S X BP

pH 2W 4.38 4.26 4.19 4.05 0.02 ** ** NS

3M 4.31 4.25 4.14 4.01 0.04 ** * NS

6M 4.36 4.15 4.12 3.99 0.03 ** ** NS

Lactic acid (g/kg DM) 2W 35.5 29.3 78.7 53.3 1.48 ** ** **

3M 50.9 42.0 88.5 61.8 1.95 ** ** **

6M 42.9 34.4 78.9 54.3 2.35 ** ** **

Acetic acid (g/kg DM) 2W 2.78 3.74 16.4 7.51 0.38 ** ** **

3M 7.68 6.87 24.7 13.6 0.92 ** ** **

6M 4.91 6.62 18.4 10.5 0.81 ** ** **

Propionic + Butyric 2W 0.00 0.00 0.00 0.00 0.00 NS NS NS

acids (g/kg DM) 3M 2.52 0.87 0.00 0.00 0.12 ** ** **

6M 21.7 17.2 3.38 1.91 0.80 ** ** NS

Ethanol (g/kg DM) 2W 0.73 2.08 2.20 0.96 0.30 NS NS **

3M 0.00 2.65 0.00 0.00 0.03 ** ** **

6M 0.76 0.45 0.00 0.00 0.23 * NS NS

NH3-N (g/kg DM) 2W 0.15 0.13 2.05 1.20 0.11 ** ** **

3M 0.20 0.13 1.45 0.73 0.05 ** ** **

6M 0.31 0.11 2.05 1.09 0.10 ** ** **

2W; 2 weeks, 3M; 3 months, 6M; 6 months.NS; not significant, *; P<0.05, *; P<0.01.
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Discussion
Tofu is a traditional Asian food, and many studies 
have been conducted to examine the process of 
soybean fermentation and identify additives for 
SCR ensiling (Amaha et al., 1999). Because of 
its milled and mashed physical properties, SCR is 
regarded as an easy material to ensile. As a result, 
the fermentation of this legume can be performed 
by lactic acid without the need for additives. The 
microbiota associated with SCR ensiling have also 
been examined in a number of studies (Wang et 
al., 2008). However, except for the total mixed 
ration silage, containing SCR as an ingredient, 
most of the previous findings have been derived 
from plate culture, which enumerated limited taxa. 
The rancidity arising from piling and unprocessing 
is an important obstacle to the widespread use of 
SCR. Although this study examined 2 types of wet 
SCRs derived from 2 different factories (F1 and 
F2), the microbiota associated with SCR ensiling 

were found to be different from those associated 
with forage ensiling.

Our finding that lactic acid dominated the 
fermentation of SCR silage with PS is in agreement 
with other studies (Wang et al., 2008). Although 
the soluble sugar content was low, the lactic acid 
content reached >30 g/kg DM after 2 weeks. 
Although the initial abundances of lactic acid-
producing bacteria were quite small, Lactobacillus 
and Streptococcus spp. were the main bacteria in 
F1 PS silage, while Lactobacillus, Streptococcus, 
Enterococcus, and Pediococcus spp. were the 
main bacteria in F2 PS silage. Based on the PCoA 
results, the bacterial microbiota of PS silage was 
found to set up and remain separated from that of 
DS silage. Interestingly, although Acinetobacter 
and Bacillus spp. remained the most abundant 
bacteria during ensiling, lactic acid was prevalent 
in DS silage. Since Acinetobacter spp. lack the 
ability to produce lactic acid, Bacillus spp. could 
have been involved in lactic acid fermentation in 
DS silage. Although Bacillus spp. are generally 
regarded as strictly aerobic bacteria, facultatively 
anaerobic species are also present, and their ability 

to produce lactic acid has been acknowledged (Lara et al., 2016).

Figure 1: Genus-level bacterial microbiota in soybean curd residue silage prepared with prompt and 
delayed sealing and with and without beet pulp addition. PE, 2W, 3M, and 6M indicate pre-ensiled 
material and silage stored for 2 weeks, 3 months, and 6 months, respectively. P, D, and BP after the 
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hyphenation denote prompt sealing, delayed 
sealing, and beet pulp addition, respectively.

Bacillus spp. are known to grow well in soybean 
products, exhibiting various enzyme activities, 
including protease, amylase, cellulase, and 
pectinase (Chen et al., 2011). In the present study, 
when SCR was unprocessed and unsealed for 2 
days, the abundance of Bacillus spp. increased 
from 0.03‒0.05% to 0.49‒0.90%, while maltose 
became detectable, and a substantial amount 
of NH3-N (0.64‒1.37 g/kg DM) was produced. 
Paenibacillus, Exiguobacterium, Enhydrobacter, 
Stenotrophomonas, and Deinococcus spp. also 
increased their abundance during piling and 
unprocessing for 2 days. Further, Acinetobacter 
spp., the most abundant bacteria in pre-ensiled 
SCR, are also shown to exert both proteinase 

and deaminase activities (Ashwini et al., 2015 
). Hence, the intensive production of NH3-N 
observed in the DS materials could be attributed 
to the collective activities of bacteria, including 
Bacillus and Acinetobacter spp. The NH3-N 
content of PS silage without added BP was as low 
as 0.31 g/kg DM, indicating that the proteolysis and 
deamination activities were efficiently suppressed 
under PS conditions. Although Acinetobacter spp. 
were exclusively found in wet SCR at the time of 
generation in the tofu factories, predominant lactic 
acid fermentation was obtained in SCR silage by 
low levels of Lactobacillus spp., Streptococcus 
spp., and Pediococcus spp. Further, Bacillus spp. 
were involved in lactic acid production in DS 
silage and long-stored PS silage. The rancidity 
arising from piling and unprocessing in wet SCR 
could be attributed to the collective activities of 
bacteria, including Bacillus spp. and Acinetobacter 

spp. Owing to preceding processing, including heating, distinctive microbiota may have participated in 
the ensiling of wet by-products.
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Abstract 
Alfalfa cultivation in south Korea is not common. There are many reasons, but low productivity has been 
extremely limited. Although alfalfa growth was poor due to boron deficiency in the soil, the problem has 
recently been solved. Nevertheless, the cultivation of alfalfa is not expanding. About 200,000 tonnes of 
alfalfa hay are imported every year. Therefore, this study was conducted to find a way to replace imported 
hay by expanding alfalfa cultivation in Korea. Alfalfa (P5444) was sown in northern part of South Korea 
(Pyeongchang). Alfalfa was sown in September 2018 with different seeding rates (20, 30 and 40 kg/ha) 
and harvested four times in 2019 (3 May, 2 July, 11 September and 13 October). The plant height was 
the highest at the 3rd harvest (113 cm) and the dry matter content was the highest at the 1st harvest (27.89 
%). The yield of fresh and dry matter was the highest at the first harvest (mean 6,856 kg/ha). Annual 
fresh and DM productivity was significantly higher in 40 kg/ha seeding rates (89,833 and 20,265 kg/
ha). Crude protein (CP) content in forage quality was higher than 27% at the 4th harvest and the lowest 
by 13% at the 3rd harvest. Crude protein, ADF and NDF contents did not show significant difference 
(P>0.05) according to the increase of seeding rate. TDN content of alfalfa was not significantly different 
among treatments (P >0.05), but was highest at the 4th harvest (66.98 %) and lowest at the 3rd harvest 
(44.44 %). The relative feed value (RFV) of alfalfa was highest at the 4th fourth harvest (mean 146) and 
lowest at the 3rd harvest (mean 83). However, there was no significant difference among the seeding 
rates (average 120). In conclusion, the possibility 
of alfalfa production in Korea is sufficient and 40 
kg/ha seeding rate is recommended

Introduction
Alfalfa is called the queen of forages and accounts 
for a large portion of the forage. However, alfalfa 
is rarely cultivated in Korea. In the early days of 
the introduction of alfalfa, domestic adaptation 
was poor, resulting in low productivity, which 
resulted in the loss of farmers’ willingness to grow. 
There are various reasons, but one of the biggest 
reasons was the lack of boron in the soil. However, 
despite the identification of these factors, farmers’ 
perceptions did not disappear easily. Protein feed 
is very important for dairy cattle feeding. In order 
to overcome this point, the demand for legume 
forage has been continuously generated in farms, 

but due to cultivation limitations in Korea, imports 
are being made. In particular, about 200,000 tons 
of alfalfa are imported every year, which is about 
20% of the total imported hay in Korea. The forage 
market in Korea will open after 2026, and in order 
to cope with imported alfalfa, it is necessary to 
develop technology to improve productivity in 
Korea. Therefore, this experiment was carried 
out to investigate the effect of seeding rate on 
productivity and quality of alfalfa in Korea.

Materials and methods 
Alfalfa (P5444) was sown in the experimental 
field of Seoul National University, Pyeongchang 
Campus (located at 37°32ʹ46.1ʺN, 128°26ʹ17.9ʺE, 
600m ASL) on August 28, 2018, Pyeongchang-
gun, Gangwon-do. The seeding rate was 20, 30 

mailto:forage@snu.ac.kr
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and 40 kg/ha, and the fertilizers of 18-180-120 
(N-P-K) kg/ha were applied annually. Nitrogen 
and phosphate fertilizers were distributed on the 
day of sowing and potassium fertilizer was divided 
into each harvest time. In 2019, a total of four 
were harvested (May 3, July 2, September 11 and 
October 13), and the harvested samples were then 
dried in a 65°C forced-air drying oven for 72 h for 
determination of DM content The dried samples 
were subsequently milled using a Willey mill 
with a 1-mm screen, placed in a screw-top plastic 
bottles and stored at 4°C in a dark, dry storage 
room until analysis. Acid detergent fiber (ADF) 
and neutral detergent fiber (NDF) were measured 
by the method of Van Soest (Van Soest et al., 
1991). Crude protein (CP) was determined via 
the Dumas method, as described by Jean-Baptiste 
Dumas (1884). Total digestible nutrient (TDN) and 
relative feed value (RFV) were calculated by the 
formulae described by Holland et al., (1990). TDN 
was calculated from the ADF value (TDN% = 88.9 
− 0.79 × ADF%), and RFV was estimated through 
digestible dry matter (DDM) and dry matter intake 
(DMI) as RFV = (DMI% × DDM%) / 1.29. 

Results
Plant height and feed value according to harvest 
time and seeding amount are shown in Table 1. 
There was no difference according to the seeding 
rate, and plant height was the longest at the 3rd 
harvest and the shortest at the 4th harvest. There 
was no significant difference in the dry matter 
content among seeding rates, but the highest at the 
first harvest and the lowest at the fourth harvest. 

The crude protein content was highest at the 
4th harvest, followed by 2nd>1st>3rd order. 
Meanwhile, at the third harvest the higher the 
seeding rate, the higher the crude protein content 
tended to be(P<0.05). 

ADF content was highest at the third harvest and 
lowest at the fourth harvest. On the other hand, 
there was a significant difference with the seeding 
rate, but there was no certain trend, and it showed 
different patterns for each cutting time. The NDF 
content did not differ according to the seeding rate, 
but showed a similar tendency to the ADF content 
among the cutting time. 

Since the TDN content was calculated as the ADF 
content, the significance was the same as the ADF 
content. The RFV value representing the feed 

value was the highest at the 4th harvest, followed by 1st>2nd>3rd order. 

Table 1: Plant height and forage quality of alfalfa according to seeding rates in northern area of Korea

Cut
Seeding

rate

Plant height

(cm)

CP

(%)

ADF

(%)

NDF

(%)

TDN

(%)
RFV

1st 20 77.3 15.25 35.31a 47.72 61.01b 120b

30 80.6 15.48 31.75b 45.71 63.82a 131ab

40 83.6 15.75 30.26b 42.27 64.99a 144a

Mean 80.6B 15.50C 32.44C 45.23C 63.27B 132B

2nd 20 82.5 17.06 34.97a 49.94 61.27b 115
30 81.4 18.31 32.69b 46.39 63.07a 127
40 81.5 17.37 34.78a 50.13 61.42b 115

Mean 81.8B 17.58B 34.15B 48.82B 61.92C 119C

3rd 20 110.3 15.92a 41.79c 58.53 55.89a 90a

30 112.8 13.68b 45.61b 60.76 52.87b 82ab

40 114.7 12.81b 48.03a 61.97 50.96c 77b

Mean 112.6A 14.13D 45.14A 60.41A 53.24D 83D

4th 20 46.0 27.38 25.49 44.98 68.76 143
30 41.3 27.82 24.64 43.39 69.43 149
40 44.0 28.12 26.48 43.48 67.98 147
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Mean 43.8C 27.77A 25.53D 43.95C 68.73A 146A

Within a column, A-D different superscripts in 
capital letters indicate that main plots differ; a-c 
those in lower-case letters indicate that sub-plots 
differ (P < 0.05). 

Table 2 shows the DM content and yield according 
to the harvest time and seeding rate. Table 2 shows 
the dry matter content and quantity according to 
the harvest time and seeding amount.

Table 2 shows the building content and quantity of 
the harvest date and seeding rate.

The dry matter content was the highest at 27.89% 
at the first harvest and the lowest at 15.65% at the 
fourth harvest. There was no significant difference 
according to the seeding rate in yield, but there 
was a difference in the cutting time. The dry 
matter content was the highest at 27.89% at the 
first harvest and the lowest at 15.65% at the fourth 
harvest.

Building content was highest with 27.89 percent 
during the first harvest was the lowest with 15.65% 
at harvest four cars.

Due to the high dry matter and TND content in the 
first harvest, the dry matter and TDN yield were 
significantly higher than those of other harvest 
periods. Due to the high dry matter and TND 
content in the first harvest, the dry matter yield and 
TDN yield were significantly higher than those of 
other harvest periods.

The primary building volume and quantity TDN 
with high buildings and TND content at harvest 
was significantly higher than the other two 
harvest time.

In general, the yield was highest at the first 
harvest and the lowest tendency was at the fourth 
harvest. 

In terms of total DM yield, there was significance 
in seeding rate and cutting time, but no interaction 
effect was observed (Figure. 1). The same trend 

was observed for the yield of crude protein (Figure 2). 

Table 2: Dry matter content and yield of alfalfa according to seeding rates in northern area of Korea

Cut Seeding

rate

Dry matter

(%)

Yield (kg/ha)
FM DM TDN

1st 20 27.06 23,389 6,343 3,869
30 28.41 24,167 6,867 4,384
40 28.19 26,111 7,358 4,782

Mean 27.89A 24,556A 6,856A 4,345A

2nd 20 20.76 20,278 4,197 2,572
30 21.69 21,333 4,629 2,921
40 22.67 21,444 4,859 2,985

Mean 21.70B 21,019B 4,562C 2,826B

3rd 20 21.37 22,389 4,798 2,681
30 21.79 23,222 5,059 2,674
40 21.04 26,389 5,539 2,823

Mean 21.40B 24,000A 5,132B 2,726B

4th 20 15.71 14,833 2,327 1,601
30 15.46 15,944 2,463 1,711
40 15.79 15,889 2,509 1,707

Mean 15.65C 15,555C 2,433D 1,673C
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Within a column, A-D different superscripts in capital letters indicate that main plots differ; a-c those in 
lower-case letters indicate that sub-plots differ (P < 0.05). 

Figure 1: Total DM yield of alfalfa according 
to seeding rates in northern area of Korea 
*SR: seeding rate, HT: harvest time

Figure 2:  Total CP yield of alfalfa according 
to seeding rates in northern area of Korea *SR: 
seeding rate, HT: harvest time

Discussion
Although the recommended seeding rate for alfalfa 
varies by region, Wisconsin state recommends 12 
pounds per acre (about 13.44 kg/ha). Although the 
recommended seeding amount for alfalfa varies 
by region, Wisconsin recommends 12 pounds per 
acre.

Recommended seeding rate of alfalfa are 
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recommended, depending on the area, the 12 
pounds per acre Wisconsin.

This is equivalent to planting 60 seeds per square 
foot (about 645 seeds/m2) (Mike 2008). In 
Nebraska, 13.44 kg/ha in dry areas and 16.8 kg/
ha in irrigated areas are recommended (Anderson 
and Jerry 2014). However, in this experiment, the 
productivity was best when the seeding rate was 
40 kg/ha. However, in this test, the productivity 
was best when the seeding amount was 40 kg/ha.

However, the test in the seeding rate is felt 40 kg / 
ha when the productivity.

Higher seeding rates are recommended in Korea 
for several reasons. Dwain (2008) reported that 
there is little justification for seeding rates above 
8 lb/acre (about 9 kg/ha) for seeding without a 
companion crop. And also insist that crude protein, 
ADF, NDF, hemicellulose, cellulose, IVDMD, and 
RFV were unaffected by the seeding rate. In this 
experiment, except for ADF content, there was no 
significant difference according to the seeding rate 
in the items related to feed value (CP and NDF). On 
the other hand, according to the seeding rate trials 
of Elfatih and Awad (2012), the plant density, leaf 
area index and dry matter yield were the highest at 
25 kg/ha seeding rate, and the plant height was the 

highest at 15 kg/ha.
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Abstract
High feed cost of running urban-animal-agriculture and huge city wastes are challenges of the growing 
towns in modern Ethiopia. Egg production microenterprise is steadily growing due to its low initial 
investment and ready market in urban and peri-urban areas. However, cost of egg production is high 
due to the rising cost of corn, the main feed ingredient in poultry rations. Using banana peels, which 
forms a great proportion of city waste in Ethiopia, is seen as a way of not only reducing the waste, but 
also as an alternative low-cost feed supplement that could help enhance egg production by small-holder 
farmers. This study looked at the effect of feeding banana-peels-powder on weight-gain, egg-production 
and profit from rearing improved poultry breeds. Banana peels were air-dried, ground and used to re-
formulate existing feed rations. The control was the ready poultry ration formulated with 52% maize and 
48% other ingredients. Then four rations were formulated with 13%, 26%, 39% and 52% banana peels. 
One hundred, 5-month old Bovans Brown chicken breed were clustered into 4 blocks based on weight 
categories. Five treatments were applied randomly to the blocks and replicated 5 times in a RCBD cage 
battery system. The chickens were fed with 120g/chicken/day while water was provided ad libitum. 
Chickens’ weight and eggs produced were recorded every two weeks and daily respectively. Whereas 
weight gain and egg production declined with increase in proportion of banana peels, 25% replacement 
resulted in a comparable daily weight gain (26.42gm) to the standard chicken ration (26.76gm). Increase 
of banana peels resulted in reduction of weight gain at 17.78, 16.67 and 15.11gm/day and egg production 
at 0.58, 0.4 and 0.22/day/chicken for 50, 75 and 100% replacements respectively. We conclude that 
25% banana peels powder in corn-based feed ration gives optimum weight gain and egg production in 
chickens.

Introduction
Banana has many common names (Espino et al., 
1991) and belongs to the genus Musa spp. and 
is a popular fruit worldwide. Banana peels are 
the outer envelopes and by-product of household 
consumption and banana processing, which is 
widely available in populated areas, especially 
in the vicinity of  processing plants. Banana 
peels contain 6-9% crude protein and 20-30% 
NDF on dry matter basis (Emaga et al., 2011)
free sugars and fibre composition. Samples were 
incubated in the presence of rumen fluid. Kinetics 

of gas production were modelled, ME content was 
calculated using prediction equation and short-
chain fatty acids production and molar ratio were 
measured after 72 h of fermentation. Final gas 
production was higher in plantain (269-339 ml g(-
1. Green plantain (close relative of banana) peels 
contain 40% starch that is fully transformed into 
sugars after ripening, while banana peels contain 
much less starch (about 15%) when green and 
end up with 30% free sugars when ripe. Lignin 
content also increases with ripening (from 7 to 
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15% DM). Plantain peels contain less fibre than 
bananas (Emaga et al., 2011)free sugars and 
fibre composition. Samples were incubated in the 
presence of rumen fluid. Kinetics of gas production 
were modelled, ME content was calculated using 
prediction equation and short-chain fatty acids 
production and molar ratio were measured after 72 
h of fermentation. Final gas production was higher 
in plantain (269-339 ml g(-1. 

Banana peels are widely used by smallholders as 
complementary feeds for cattle and small ruminants 
in the tropics (Onwuka et al., 1997; Emaga et al., 
2011)free sugars and fibre composition. Samples 
were incubated in the presence of rumen fluid. 
Kinetics of gas production were modelled, ME 
content was calculated using prediction equation 
and short-chain fatty acids production and molar 
ratio were measured after 72 h of fermentation. 
Final gas production was higher in plantain (269-
339 ml g(-1. In a study done by FAS et al., (2015) 
in Nigeria, feeding broilers on diets containing 
10% banana peels caused no adverse effect on 
performance. Moreover, Aregheore (1998) in his 
research in Nigeria reported that dry ripe plantain 
peels can replace up to 100% maize without 
adverse effects on growth and performance of 
goats, and were found to be an economical source 
of carbohydrates.  Nambi-Kasozi et al., (2014) also 
reported that dairy cows fed with 40-60% banana 
peels in their daily ration in Uganda showed higher 
dry matter intake than 0-20% inclusion with no 
significant difference on daily weight gain and 
milk yield.  According to Oyedeji (2015), highest 
weight gain per bird (1432g) and the best feed/gain 
ratio (2.58) were recorded among broilers fed 50% 
ripe banana peels in an experiment conducted in 
Benin University, Nigeria. In addition, live weight 
and feed conversion efficiency have been found 
to significantly increase when chickens were 
fed on 10% banana peel meal. However, growth 
performance decreased when the inclusion rate 
exceeded 10% (Sabutan 1996). 

Banana peels form a large proportion of household 
and therefore municipal wastes in towns in the 
Tigrai region. For instance, according to the Trade, 
Industry and Urban Development Office (Personal 
communication) out of the approximately 10 tons 
of garbage generated in Aksum Town daily, a 
significant amount is banana peels and more than 
30% of garbage rots uncollected on pavements, 
streets, sewerage outlets and water channels due 

to the high costs of collection and disposal. On the 
other hand, scarcity and high cost of animal feed 
lowers profit margins of small and microenterprises 
in the region. However, despite the availability of 
banana peels, empirical evidence is scarce on its 
potential as complementary animal feed that would 
provide a low-cost alternative for the small holder 
farmers in Tigrai, especially those living in the 
urban and peri-urban areas. This study, therefore, 
aimed at determining the effect of different 
proportions of banana peels on feed intake, weight 
gain, egg production, as well as costs saved in a 
poultry enterprise.

Materials and methods 
The study was conducted in Aksum University 
located in the Central zone of Tigrai, 784 kms north 
to Addis Ababa, Ethiopia’s capital city. Banana 
peels were collected from Aksum town. Rations 
were formulated using different proportions of 
sundried banana peels powder mixed with a pre-
formulated feed. Banana peels were sundried, 
ground and mixed with wheat bran (8%), middling 
(8%), meat and bone meal (8%), molasses (2%), 
protein sources (15%), minerals (8%) to form 
rations containing 0%, 13%, 26%, 39% and 52% 
banana peel powder (Table 1).

Experimental design 

A total of 100 Bovans brown chickens of 5 months 
of age were used for the experiment. The birds 
were classified into four blocks based on the 
weight category. Weight difference categories 
were established at 150, 225 and 305 gms among 
groups.  The 4 classes were randomly allocated 
to the 5   treatments and replicated 5 times in a 
RCBD cage battery system. 

Data collection

A feeding trial was conducted for a period of 45 
days with an acclimatization period of 15 days 
before starting data collection. The experimental 
birds were weighed before and then after every 
two weeks for 6 weeks, while egg production 
was recorded daily. During the experiment, 120g 
of feed/day/chicken was provided at 9:00 AM in 
the morning and 5:00 PM in the evening, while 
water was provided ad libitum. Fresh water 
made available with individual waterers ad lib 
throughout the trial period. All necessary health 
care services were provided to the experimental 
chickens. 
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Comparative cost saving analysis
Cost savings were analyzed using the method by 
(FAS et al., 2015). Feed cost was obtained through 
summing the cost of ingredients of the total feed 
in diet composition. Whereas, the cost of the feed 
per weight gain (kg) was calculated by multiplying 
the cost with feed conversion ratio. The cost of 
feed per egg was calculated through dividing 
the total number of experimental days (45) by 
the total number of eggs obtained within the 45 
experimental days multiplied by cost of daily 
feed intake. The feed cost savings was calculated 
by subtracting supplementation by banana peels 
(final costs calculated from cost incurred to collect 

banana peels) from costs without supplementation 
by banana peels (initial costs) multiplied by 100 
as follows:

The initial cost was also computed by multiplying 
cost of feed per kg by the amount (g) of daily feed 
intake as follows:

SAS (2008) JMP release 8 Statistical package 
was used to analyze the data. Analysis of variance 
was used to determine if there were significant 
differences in weight gain and egg production 
between the treatments. The means in weight gain 
and egg production were separated using LSD.

Table 1: Ingredients and proportions (%) of the experimental diets

No. Ingredient Proportions of each ingredient (%) along the five diets
Diet 1 (Control) Diet 2 Diet 3 Diet 4 Diet 5

1 Noug cake 6 6 6 6 6
2 Corn 52 39 26 13 0
3 Ground banana peels Ratio 0 13 26 39 52
4 Wheat bran 8 8 8 8 8

5 Wheat Middling 8 8 8 8 8
6 Limestone 8 8 8 8 8
7 Fishmeal 2 2 2 2 2
8 Molasses 2 2 2 2 2
9 Salt 0.2 0.2 0.2 0.2 0.2
10 Lysine 0.08 0.08 0.08 0.08 0.08
11 Methionine 0.028 0.028 0.028 0.028 0.028
12 Meat and bone meal 8 8 8 8 8
13 Layer premix 0.6 0.6 0.6 0.6 0.6
14 Soya bean 5 5 5 5 5
15 Choline Chloride 0.025 0.025 0.025 0.025 0.025

Source: Authors’ feed ration formulation 

Results
Weight gain  

The average weight gain and egg production of 
the layers decreased as the proportion of banana 
peels in the chickens’ diet increased (Table 2). The 
mean weight gain of birds fed on the ration without 

Variable Treatment
T1 T2 T3 T4 T5 SE

Weight gain (g) 1204b 1189b 800a 750a 680a ±50.6
Egg production (No) 36c 32c 26b 18a 10a ±2.2

a Row treatment means with different superscript are significantly different (P<0.05)

banana peels powder (1204 gm) was the highest, 
whereas, the feed ration with 100% banana peels 
(680 gm) had the lowest weight gain. 

Table 2: Mean weight gain and egg production of 
layers by treatment 
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Replacement of maize by banana peels up to a 
proportion of 25% did not affect the net weight 
gain significantly. Previous study conducted by 
Widjastuti and Hernawan (2012) in Indonesia 
indicated that replacement of maize with 20% 
of banana peels does not affect the net weight of 
broilers. The diets in which replacement of corn 
with 50, 75 and 100% banana peels powder was 
made showed significant net weight difference 
against T1 and T2. However, T3, T4 and T5 didn’t 
show statistically significant difference.

Egg production

Replacement of maize by banana peels exceeding 
75% significantly reduced egg production (Table 
2), whereas replacing 25% of maize by banana 
peels did not cause any significant change in egg 
production. In addition, replacing maize by 50% 
banana peels resulted in a slight decline in egg 
production.

Comparative cost analysis of feed ingredients

The analysis of feed cost per kg indicated that T1 
was most expensive (Birr 10.6) of the four rations 

(Table 3). The cost of formulating T2, T3, T4 and 
T5 were Birr 9.98, 9.74, 8.87 and 7.78 per Kg 
ration, respectively. These results show that the 
cost of chicken feed decreased with the increase 
of proportion of banana peels in the ration. 
The decrease in feed cost was associated with 
replacement of cheap source of feed stuff (banana 
peels) instead of the alternative and comparatively 
expensive feed ingredient (corn) in the balanced 
poultry ration. Similar results have been reported 
from experiments conducted on broilers by (FAS 
et al., 2015) in Indonesia. The cost of feed intake 
per chicken was significantly higher (p<0.05) for 
T1 (Birr 1.45) than all other treatments.  

The results show that T5 had the highest (Birr 
34.12) cost of feed per body weight gain, while the 
lowest cost was incurred for T1 (Birr 29.45) and 
T2 (Birr 29.33). The high cost incurred per body 
weight gain for T4 and T5 might be associated 
with low feed conversion ratio as proportion of 
banana peels in the chickens’ diet increased.

Table 3: Cost savings benefit analysis of banana 
peel replaced poultry diet (Birr)

Parameter T1 T2 T3 T4 T5 SD
Cost of feed/kg of diet (Birr) 10.6a 9.98b 9.74ab 8.87 ab 7.78c ±0.689
Cost of feed intake per chicken (Birr) 1.45 a 1.26a 1.19b 1.13b 0.99c ±0.443
Cost of feed/kg weight gain (Birr) 29.45a 29.33a 30.12b 32.12ab 34.12c ±1.208
Cost of feed/egg (Birr) 1.812a 1.77a 2.05b 2.825ab 4.45c ±1.117
Feed cost savings (%) - 5.84c 8.11c 16.32b 26.6a ±0.089

Means within same row with different superscripts differ significantly (P < 0.05)
This result is in agreement with the findings of 
FAS et al., (2015) who reported that feed efficiency 
ratio decreased as the level of peel meal inclusion 
increased from 0%, 10%, 20% and 30% in broilers 
diet in Nigeria. Similarly, the analysis of feed cost 
per egg production revealed that the highest cost 
incurred per single egg produced was observed in 
T5 (Birr 4.45). The expense incurred per egg for 
T4, T3, T2, were Birr 2.825, Birr 2.05, Birr 1.77 
and Birr 1.87, respectively. The low cost for T2 
could be linked to the low cost incurred for the 
feed without any significant decrease in egg laying 
observed for feed ration with 25% replacement 
of corn by banana peels. Similarly, the low cost 
of feed/kg weight gain for T2 may be associated 
with low feed cost incurred as a result of 25% 
replacement of banana peels with maize in the 
balanced ration without any significant impact in 
body weight gain as compared to control group. 

The analysis made on feed cost saving revealed 
that T5 had the highest (Birr 26.6) feed cost saving 
compared to Birr16.32, Birr 8.11, Birr 5.84 for T4, 
T3 and T2 respectively. This is attributed to the 
low cost of banana peels with the only requirement 
of labor cost for collection, drying, grinding and 
packaging as compared to maize in the balanced 
feed of poultry ration formulation.  

Discussion
The results show that whereas weight gain and egg 
production declined with increase in proportion 
of banana peels powder in the diet of chickens, 
the feed ration with 13% banana peel (25% corn 
replacement) did not adversely affect weight 
gain, egg production, incurred lower cost per kg 
of weight gain and per egg produced. The cost 
savings were found to be highest for the 100% 
replacement of corn with banana peels due to 
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low cost of feed. On the other hand replacement 
of corn by over 75% banana peels adversely 
affected egg laying ability of birds and showed 
high cost per weight gain and per egg produced. 
We conclude that banana peels powder can replace 
up to 25% of corn in chicken diet without causing 
adverse effects on their performance. Inclusion 
beyond 13% of the whole ration of chicken is not 
recommended. 
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Abstract
Persistence is an important factor in the economic management of perennial grass swards. Frequent 
harvest is occasionally attributed to poor stand persistence, but self-thinning theory indicates that 
infrequent harvest should cause swards to thin as tillers compete for light. This experiment aimed to 
demonstrate and qualify self-thinning in orchardgrass managed under differing harvest frequencies. 
Orchardgrass was planted in September 2018 and then clipped, fertilized and divided into experimental 
units in March 2019. Plots were randomly assigned one of four harvest frequency treatments (n = 5): No 
harvest, one harvest, two harvests, and four harvests. Irrigation water and fertilizer were applied to allow 
for vigorous growth. On 9 October 2019, all plots were harvested and whole tillers were destructively 
sampled, counted, dried, and weighed. Cumulative herbage mass from the no harvest treatment was less 
than that from one, two, and four harvest treatments (p < 0.001). Average tiller weight was greater in the 
no harvest and one harvest treatments as compared to the two and four harvest treatments (p < 0.001) 
while the no harvest and one harvest treatment had a lower average tiller density (p < 0.001) of 1094 and 
1534 tillers m-2, respectively, than the two and four harvest treatments with an average of 2376 and 2546 
tillers m-2, respectively. To evaluate tiller size/density compensation, log10 tiller weight and log10 tiller 
density were plotted and compared to an arbitrarily-placed line with slope -3/2. These results indicate 
that orchardgrass swards thin under infrequent harvest management and that relatively frequent harvest 
appears to be required to maintain sward tiller density.

Introduction
Many studies have evaluated the role of harvest 
frequency on the yield and persistence of perennial 
grass forage swards (Brink et al., 2010; Marten 
et al., 1979; Smith et al., 1973). Tiller counts or 
visually-estimated tiller densities have often been 
collected as a proxy for persistence. However, 
tiller density alone is not an adequate predictor 
of harvestable yield or persistence. Forage 
grasses, along with other plant communities, 
will compensate the density of individuals with 
the size of each individual to maximize leaf area 
within an environment. This phenomenon has 
been described as the -3/2 law of self-thinning 
where in light-limited plant communities will 
grow up to and then thin along a line with slope 
-3/2 when size and density are plotted in loglog 
space (Yoda et al., 1963). The self-thinning law 
has been demonstrated in perennial forage swards 
(Hernandez Garay et al., 1999; Martinez Calsina 
et al., 2012; Scheneiter and Assuero 2010), but it 
has rarely been utilized to assess forage swards 
in North America (Jones and Tracy 2017). The 

objective of this study was to evaluate the effect of 
harvest frequency on the yield and self-thinning of 
field-grown, irrigated orchardgrass.

Materials and methods 
This field study was established at the Southern 
Oregon Research & Extension Center near 
Central Point, Oregon, USA (42°19’51.23’’ N, 
122°56’19.43’’ W, 432m ASL). Orchardgrass var. 
‘Olathe’ was broadcast (28 kg ha-1) into a prepared 
seedbed in September 2018. In early March 2019, 
the area was mown to 8 cm, fertilized with 55 kg 
nitrogen ha-1, and divided into plots (2.4 x 4.6m). 
Plots were randomly assigned one of four harvest 
frequency treatments arranged in a randomized 
complete block design (n = 5). The treatments 
were no harvest (0H), one harvest (1H), two 
harvests (2H), and four harvests (4H). At each 
harvest date (Table 1), plots were mown to 8cm 
and harvested forage was dried in a forced-air 
oven at 100°C. Irrigation water was applied with 
sprinklers to meet evaporative demand, and 22 kg 
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ha-1 nitrogen was applied to all plots following harvest of any of the treatments. On 9 October 2019, whole 
tillers were destructively sampled from a 0.1m2 quadrat within each plot. Living orchardgrass was separated 
from senescent tissue, and orchardgrass tillers were counted, dried, and weighed.

Table 1: Treatment harvest dates

Treatment Harvest Dates 2019 Final Sampling
No Harvest (0H) - - - - 9 O

ctober

1 Harvest (1H) - 25 June - -
2 Harvests (2H) 13 May - 26 July -
4 Harvests (4H) 13 May 25 June 26 July 25 August

Analysis of variance was used to test treatment effects, and Tukey’s HSD was used to determine mean 
separation (a = 0.05). Log10 tiller weight and log10 tiller density were plotted and compared to an arbitrarily-
placed line with slope -3/2 following the method described in Hernandez Garay et al., 1999. The distance 
each treatment fell from the line slope -3/2 was calculated. An apparent size/density compensation line was 
determined using major axis regression. 

Results
Cumulative yield of all harvest was 543 g m-2 for H0 (p < 0.001) while the other treatments did not differ 
with an average cumulative yield of 1086 g m-2. Orchardgrass mass at final sampling was lower for 4H than 
0H or 1H but did not differ from 2H (Table 2). Tiller density and living: senescent ratio increased resulting 
from 2H and 4H in comparison with the less frequent harvest treatments, and tiller weight was reduced for 
2H and 4H relative to other treatments (Table 2).

Table 2: Orchardgrass mass (OG mass), tiller density, tiller weight, and living: senescent ratio (L:S ratio) 
collected during final sampling 9 Oct 2019. 

Treatment OG mass 
(g m-2)

Tiller density 
(tiller m-2)

Tiller weight
(g tiller-1)

L:S ratio

No Harvest (0H) 765a 1094b 0.74a 0.86b

1 Harvest (1H) 793a 1534b 0.52a 1.30b

2 Harvests (2H) 601ab 2376a 0.25b 2.38a

4 Harvests (4H) 397b 2546a 0.15b 2.44a

p-value 0.006 < 0.001 < 0.001 < 0.001

Rows with different letters within a column differ significant (p < .05; n = 5)

The slope of the apparent size/density compensation line for these treatments was -1.76 (p < 0.001; R2 = 
0.79). When plotted in a loglog space, treatments fell different distances from an arbitrarily placed -3/2 line 
with distances for 0H, 1H, 2H, and 4H being 0.109, 0.063, 0.071, and 0.168, respectively (Figure 1).  

Figure 1: Log Tiller weight (living + senescent) and log tiller density (± SEM) for orchardgrass plots as 
affected by harvest frequency at final sampling 9 October 2019. The solid line is an arbitrarily placed size/
density compensation line with slope -3/2.
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Discussion
Harvest frequency treatments and the resultant 
competition dynamics for light caused the swards 
to compensate tiller size for tiller density. With 
less frequent harvest, swards became dominated 
by fewer but larger tillers while frequent harvest 
increased or maintained tiller number and prevented 
large tillers from shading out smaller ones. While 
this phenomenon is expected, it has not, to my 
knowledge, previously been demonstrated in 
irrigated forage grasses in North America. 

The slope of the apparent size/density 
compensation line was measured to be steeper 
than the theoretical slope of -3/2, but other authors 
have determined that slopes steeper than -3/2 
are expected in forage swards under defoliation 
treatments (Hernandez Garay et al., 1999; 
Martinez Calsina et al., 2012). The distance which 
treatments fall from a size/density compensation 
line can be used as an indicator of relative 
productivity (Hernandez Garay et al., 1999; Jones 
and Tracy 2017). The 0H and 4H treatments fell 
somewhat further away from the expected size/
density compensation line as compared with the 
intermediate harvest frequencies. In the case of 
0H, orchardgrass is rarely grown under productive 
conditions without being harvested during the 
season. Some loss of senescent leaf material may 
have occurred given the high living: senescent 
ratio measure, or the plastic limit of the genotype 
to grow larger individual tillers may have been 
reached. In the case of the 4H, tillers would have 
needed to achieve greater individual weight and/

or higher tiller density to reach the size/density 
compensation line. It is possible that with only 
45 days between the fourth harvest and the final 
sampling, that 4H had not yet reached maximum 
leaf area index. Had more conducive growing 
conditions occurred or had a greater time period 
elapsed between the final harvest and final 
sampling, 4H might have achieved a greater tiller 
weight and appeared closer to the size/density 
compensation line.

While the effects of harvest frequency on forage 
yield and quality have been well studied (Brink et 
al., 2010), the role harvest frequency plays in tiller 
density of swards is seldom quantified and rarely 
elucidated in the theoretical context of expected 
size/density compensation. Forage producers 
may be able to use knowledge of size/density in 
perennial swards to better predict the consequences 
of adjusting management practices related to 
defoliation. Future research could evaluate if lower 
tiller densities caused by infrequent harvest could 
be utilized in an attempt to improve the success 
of efforts to overseed desirable species or increase 
the risk invasion of undesirable weeds. 
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Abstract
Tropical grasses are key components for both grazing and conserved forages in sustainable livestock 
systems (beef and dairy) in Central America.  The objective of the study was to evaluate grasses used 
in Nicaragua and their nutritive value contribution as preserved forage during the dry season under 
different drying methods.  Five tropical bunch grasses (Andropogon gayanus, Hyparrheniarufa, 
Urochloabrizantha, Megathyrsus maximus, and Cenchruspurpureus) were sampled across different 
farms in Nicaragua in 2014 and 2015 using three replications.  Forage samples were collected at 2, 4, 
6, and 8-wk maturity as well as season long samples.  Samples drying methods included sun- and oven-
dried.  Sun-dried samples were air dried outdoors for five days while oven-driedused forced air at 55 
oC.  Samples were analyzed for nutritive value using wet chemistry protocols for crude protein (CP), 
acid detergent fiber (ADF), neutral detergent fiber (NDF) and in vitro total digestibility (IVTD).  Drying 
methods did not influence CP, ADF, NDF and IVTD concentrations.  There were significant differences 
among grass species in CP levels (P=0.0003), ADF (P=0.0009), and IVTD (P=0.0083).  U.brizantha had 
the greatest CP concentration (79 g/kg) while C. purpureus had the lowest CP (44 g/kg).  U. brizantha 
had the lowest ADF (340 g/kg) concentration. Species A. gayanus, H. rufa, and Megathyrsus maximus 
had similar NDF concentrations. In vitro total digestibility ranged from 680 to 750 g/kg with M. maximus 
having the lowest digestibility.  Significant differences in forages nutritive value were observed among 
maturity stages for CP (P<0.0001), ADF (P=0.0022), NDF (P=0.0006), and IVTD (P=0.0241), but U. 
brizantha maintained higher CP and IVTD concentrations compared other species, indicating that could 
be a more preferred species for off-season feeding.

Introduction
Tropical grasses are key components for both 
grazing and conserved forages in sustainable 
livestock systems (beef, dairy, and dual purpose) 
in Central America.  On the other hand, livestock 
farming activities are more often being affected 
by the occurrence of extreme events, such as 
prolonged droughts due to climate change and 
variability, which affects meat and milk production, 
worsening the ability of smallholder farmers to 
preserve forages. Although tropical grasses might 
have high biomass production, animal production 
might often be depressed due to adecrease in 
nutritive value (Guenni et al., 2002). Poor feed 
options among preserved forages are major 

factors contributing to low livestock productivity 
in Central America.  A major constraint to 
smallholder farmers is the shortage of forages in 
quantity and quality during the dry season as key 
source for supplementation increasing production 
per animal unit.  Determining the nutritive value of 
different forage species can help enhance animal 
production by identifying feed options to increase 
digestibility and nutrient quality which can result 
in greater animal growth rate, and greater milk 
production (Rao et al., 2014).  Selecting forages 
with better nutritive value could also help improve 
calving rate, reduce mortality, and improve overall 
herd performance (Burns et al., 2010).

mailto:Rocky.Lemus@msstate.edu
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There are many factors that affect the nutritive 
value of preserved forages such as fertilization, 
species, stage of maturity and methods of 
preservation.  The nutritive value of forage depends 
on its leaf:stem ratio, digestibility, and the nature 
of digested products. These characteristics affect 
the amount of forage consumed by the animal and 
their utilization.  Tropical forage grasses contain 
different quantities of fiber, lignin, minerals and 
vary in the proportion of leaf and stems than can 
be digested by cattle (Lee 2018).  The objective 
of the study was to evaluate grasses used in 
Nicaragua for beef production and their nutritive 
value contribution as preserved forage during the 
dry season under different drying methods.

Materials and methods
Tropical grasses were sampled across different 
farms in Nicaragua during the 2014 and 2015 
growing seasons with three replications.  There were 
five bunch grass species: Andropogon gayanus, 
Hyparrheniarufa, Urochloa brizantha (formerly 
known as Brachiaria brizantha), Megathyrsus 
maximus (formerly known as Panicum maximum), 
and Cenchrus purpureus(formerly known as 
Pennisetum purpureum).  Forages samples were 
collected at 2, 4, 6, and 8-wk maturity as well 
as season long samples (harvested once at the 
end of the rainy season).  Two drying methods 
were compared, sun-dried (air dry) and oven-dry 
(forced air).  Sun-dried samples were air-dried 
outdoors for five days, and oven-dried samples 
were processed in air force drier at 55 oC to a 
constant weight.  Samples were processed to pass 
through a 2.0 mm screen and then reground with a 
UDY cyclone mill to pass through a 1.0 mm screen 
before nutritive value analysis. Neutral detergent 
fiber (NDF) and acid detergent fiber (ADF) were 
analyzed sequentially by the batch procedures 
outlined by the ANKOM Technology Corporation 
(Macedon, NY, USA) with an ANKOM 200 fiber 
analyzer and addition of heat-stable-amylase and 
sodium sulfite to the neutral detergent solution 
(Hintz et al., 1996).A modified Goering and Van 
Soest (Goering and Van Soest 1970) procedure was 
used to determine 48 h in vitro true digestibility 
(IVTD)with buffered rumen fluid followed by a 
neutral detergent wash of post-digestive residues. 
The rumenfluid incubation was performed with 
ANKOM F57 filter bags and an ANKOM Daisy 
II incubatorusing the batch incubation procedure 
(ANKOM Technology, Macedon, New York, NY, 
USA). Total N was determined by the Dumas 

combustion method with a LECO modelFP-528 
(LECO Corporation, St. Joseph, MI, USA) and 
crude protein (CP) was calculated as N x 6.25. 
Nutritive value composition among specieswas 
analyzedusing the two-way analysis of variance.  
The first factor was maturity stage, and the second 
factor was the drying method. General Linear 
Mixed (GLIMMIX) and regression (REG) Models 
of SAS (SAS Institute Inc. 2019) were used to 
determine differences at α = 0.05.

Results and Discussion
Present study focused variation in nutritive values 
among drying methods, grasses species and 
sampling dates.  Drying methods (sun- vs oven-
dried) did not differ in the assessment of   nutritive 
value parameters. Nutritive values were very 
similar among drying methods for CP (58 g/kg), 
ADF (372 g/kg), NDF (652 g/kg) and IVTD (707 
g/kg).

Table 1:  Influence of five different tropical bunch 
grasses on nutritive value constituents (CP, ADF, 
NDF, and IVTD).  Data averaged across sampling 
dates.

Nutritive Value (g/kg DM)*
Forage Spe-
cies CP ADF NDF IVTD

Urochloabri-
zantha

79.0 
A† 340.1 B   641.0 

AB
730.5 

A
Hyparrhenia-
rufa 60.7 B 365.2 A 620.7 B 736.9 

A
Megathyrsus 
maximus 53.0 B 379.3 A 668.0 A 670.4 

B

Andropogon 
gayanus 54.2 B 381.6 A   664.7 

AB

  
707.0 
AB

Cenchruspur-
pureus 43.6 B 392.8 A   665.5 

AB

  
692.3 
AB

*CP = crude protein; NDF = neutral detergent 
fiber; ADF = acid detergent fiber; IVTD = in vitro 
true digestibility.
†Letters are for comparison of forage species within 
a nutritive value parameter, values with different 
letters denote significant differences (p<0.05).

Nutritive value parameters were influenced by 
forage species [CP (P = 0.003), ADF (P = 0.0009), 
NDF (P = 0.0066), and IVTD (P = 0.083)] (Table 
1). Urochloa brizantha had 79% greater CP 
concentration than C. purpureus. Cruder protein 
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concentrations of A.gayanus and M. maximus 
were very similar.   Greater ADF difference was 
observed between B. brizantha and C. purpureus.  
Hyparrhenia rufa had lower NDF concentration 
compared to the other grasses. IVTD content 
ofM. maximuswas 8% lower than U.brizantha and 
H.rufa, respectively.  Our results indicate that U. 
brizantha may be the preferred speciesfor preserved 
forages during the dry season. Previous research 
(Rao et al., 2015) confirmed that palatability and 
animal response improved on feeding Urochloa 
grass due to better voluntary dry matter intake and 
less constrained gut-fill compared to other tropical 
grasses.

Nutritional parameters (CP, ADF, NDF, and IVTD) 
were affected (P < 0.01) by forage sampling date 
(Table 2).  There was a linear decline in CP with 
increase sampling date [CP (g/kg DM) = -9.979w 
+ 88.037, R² = 0.9829, P < 0.01].  Season-long 
biomass production had greater NDF concentration 
while no differences were observed between 4 to8-
week intervals. The two-week and season long (SL) 
sampling dates had greater NDF concentrations 
while values among the rest of the sampling dates 
were very similar. Sampling at 4 weeks had greater 
IVTD compared to the rest of sampling dates 
while SL had the lowest IVTD concentration. This 
indicates that harvest management is an important 
tool to manipulate the nutritive value of forage 
species. Changes in nutritive value suggests that 
cutting at 4 weeks might provide a better option 
for preserving the nutritive value of these tropical 
grasses.

Table 2.  Influence of sampling date on nutritive value of tropical forages.  Data averaged across forage 
species.

Nutritive Value (g/kg DM)*
Sampling Date (weeks) CP ADF NDF IVTD

2 78.7 A† 375.5 B 651.4 B   722.1 AB
4    69.3 AB 351.9 C 622.9 C 743.5 A

6 54.4 B 335.8 C 613.7 C    723.2 AB
8 49.2 B    358.9 BC    637.0 BC 695.8 B

Season Long 38.9 B 437.0 A 734.9 A 652.4 B

*CP = crude protein; NDF = neutral detergent fiber; ADF = acid detergent fiber; IVTD = in vitro true 
digestibility.
†Letters are for comparison of forage species within a nutritive value parameter, values with different 
letters denote significant differences (p<0.05).

Conclusions
The findings of this study suggest that changes in 
nutritive value was not affected by drying method, 
but rather influenced by forage species and stage 
of maturity. Towards the onset of flowering there 
was a rapid decline in overall nutritive value (CP, 
ADF, NDF, and IVTD).  In vitro true digestibility 
was highest at 2 and 4-week regrowth, compared 
to 6-week, 8-week, and season long regrowth. Our 
results suggest that the grasses do not meet even 
maintenance requirement and supplementation is 
needed if using 6-week regrowth or season long 
forage.  U. brizantha maintained greater CP and 
IVTD concentrations indicating that this could be 
a more preferred species for off-season feeding. 
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Abstract
An experiment was conducted in Jos, Nigeria to evaluate the effects of stages of growth on dry matter 
yield and nutrient composition of Red clover (Trifolium pratense var. AberClaret) in the year of 
establishment. The treatments were five (5) stages of growth (5, 9, 13, 17 and 21) weeks after sowing 
(WAS). The five stages of growth were replicated five times  in a Latin Square Design. The land was 
divided into twenty five plots of 3 m X 3 m each. The spacing between each plot was 1m  along the rows 
and columns. Growth components and DM yield were measured at the various stages of growth. The 
forage crop was also analysed for nutrients composition. Theere was no significant difference in plant 
height at 17 WAS (63.75 cm) and 21 WAS (64.25 cm). However, the two stages were higher (P<0.01) 
compared to the other stages of growth. Leaf-to-stem ratio decreased significantly from  5WAS (1.16) 
to 21WAS (0.26). Forage DM yield was  higher (P<0.01) at 17 WAS (3.15 t ha-1) compared to the other 
stages of growth. Crude protein content at 9 WAS (20.88 %) was higher (P<0.01) compared to the other 
stages, while 21 WAS had the lowest value of 18.11 %.  Crude protein (CP) content at 9WAS (208.8 g/
kg) was higher (P<0.01) compared with the other stages as 21 WAS had the lowest value of 181.1 g/
kg. Crude protein content decreased from 9 to 21 WAS, while the fibre fractions increased from 9 to 
21WAS. Therefore, it is recommended that the legume planted in early June on the Jos Plateau, Nigeria  
could be harvested at 17 WAS when the DMY is maximum and CP content is also very high to meet the 
requirements for ruminant animals in the tropics. 

Introduction
Red clover (Trifolium pratense L) is a perennial 
forage legume widely grown in the temperate 
regions of the as well as in the sub-tropical areas 
of the world for extensive livestock feeding. The 
legume provides forage with high protein content 
and digestibility, which facilitates feed intake 
by ruminants (Black et al., 2010). According to 
Zemenchik et al., (2002), the legume usually has 
higher crude protein content, lower acid detergent 
fibre and neutral detergent fiber compared with 
grasses. Different locations have been found to 
influence the yield and quality of forage crops, 
but the stage of growth at which a forage crop is 
harvested for livestock feeding is also important 
when the overall forage yield and quality are 
considered. As forage crops mature, the dry matter 
content increases, but digestibility of neutral 
detergent fibre (NDF), starch, sugar and crude 
protein contents are all reduced (Kilcer et al., 2003). 
Therefore, there should be a growth/maturity stage 
to harvest in order to obtain optimum dry matter 

yield and quality in different environments. It has 
become important to evaluate forage yield and 
quality of Red clover (Trifolium pratense L.) at 
different stages of growth to determine the stage 
of growth for which the forage crop could be 
harvested for livestock feeding either as pasture, 
hay or silage. Jos is located on high altitude (1,223 
m above sea level) that has the environmental 
conditions suitable for adaptation and production 
of temperate forage crops. Other temperate food 
crops such as Irish potato and strawberry are 
produced in the area in commercial quantities. 
The study was therefore designed to examine the 
effect of stages of growth on dry matter yield and 
nutrient compositions of Trifolium pratense in 
Vom, Plateau State, Nigeria. 

Materials and methods 
Location of the Study: The experiment was carried 
out at the Nigerian Institute for Trypanosomiasis 
Research (NITR), Vom, (Lat 9.7376°N, Long 
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8.7914° E and 1,223m above sea level) (Ovimaps, 
2014), Jos, Nigeria. The area is characterised by 
two major seasons (rainy and dry). The rainy 
season is from May - October and dry season 
from November - April.  Temperatures range 
from 15 to 27oC during the rainy season and 7 to 
32oC during the dry season. Grasses found on this 
highland are shorter and the trees are fewer than in 
low altitudes. The soil is classified as sandy-clay 
loam, generally sticky when wet, has low fertility, 
quickly becomes hard when there is no rain for 2 
to 3 days and cracks easily (Aregheore, 2009). It 
is low in total nitrogen (0.33%), phosphorus (7.53 
mg/litre), but fair in potassium (247.2 mg/litre).

Land Preparation and Experimental Design: The 
land was disc ploughed once and harrowed twice 
using a tractor. The field was levelled and all debris 
were removed to provide a clean seedbed. Five (5) 
stages of growth (5, 9, 13, 17 and 21 weeks after 
sowing) were the treatments arranged in a Latin 
Square Design and peplicated  five times. The 
land was divided into twenty five plots of 3 m X 
3 m each. The spacing between each plot was 1 m  
along the rows and columns, respectively. Growth 
components and dry matter (DM) yield were 
measured at the various stages of growth.

Pasture Establishment and Yield 
Measurements:The trial was conducted when 
the rains were well established in the first week 
of June, 2016. Seed rate was 7.5 kg/ha and other 
recommended agronomic practices of Frater 
(2013) were used.  Prior to planting, Single 
Superphosphate (SSP) fertiliser (18% P2O5) was 
applied at the rate of 30 kg ha-1. The plots were 
manually weeded. Ten (10) plants in the middle 
of the 5th  row of each plot were tagged and used 
to determine the growth components (plant height, 
number of leaves and number of branches per plant 
at  each stage of growth). Five plants within  a 
row in each plot were harvested to determine leaf: 
stem ratio by separating the leaves of the harvested 
plants from the stem. The leaves and the stem were 
wighed in the field immediately after separation, 
and were thereafter oven-dried at a temperature 

of 65oC for 48 hours until a constant weight was 
attained. The leaf dry weight was divided by the 
stem dry weight to determine leaf-to-stem ratio. 
Forage dry matter was estimated by harvesting 
plants in the 6th row of each at each stage of growth. 
The cut forage samples were weighed immediately 
after harvest to determine fresh weight after which 
sub-samples were oven dried at 65oC for 48 hrs. 
Dry matter yield (DMY) was estimated from the 
dried sub-samples.  

Samples and Data Analyses: Dried forage 
samples were ground with Thomas Willey 
Laboratory Miller. Proximate analysis and mineral 
composition were determined using the method of  
AOAC (1990), while the detergent fibre analysis 
was carried out using the method of Van Soest 
(1991). All data generated were subjected to 
analysis of variance (ANOVA) test. The General 
Linear Model of SAS (2002) was used for the 
analyses and means were compared using Tukey’s 
test.

Results
The result of growth components and dry matter 
yield is presented in Table 1. There was no 
significant difference (P>0.05) observed at 17 
and 21 WAS in plant height, but the two stages 
of growth were higher (P<0.01) compared with 
the other stages of growth. Leaf-to-stem ratio 
decreased from 5 to 21 WAS. Number of leaves 
and branches per plant were significantly higher 
at 17 WAS than at the other stages of growth. 
Consequently, the legume had greater (P<0.01) 
accumulation of DM at the 17th week after sowing 
(3.15 t/ha) as shown in Figure 1. Table 2 shows the 
nutrient contents of the forage crop as influenced 
by stage of growth. Crude protein decreased 
(P<0.01) from 5 to 21 WAS. Similarly, the ash 
content decreased (P<0.01) slightly within the 
same period of growth. On the other hand, the fibre 
content increased (P<0.01) from 5 to 21 weeks 
after sowing. The mineral contents evaluated were 
also higher (P<0.01) at earlier the stage of growth, 
but decreased at the later stages, up to 21 weeks 
after sowing.
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Table 1: Growth components of Trifolium pratense at different stages of growth 

                                 Weeks after sowing
Parameter 5 9 13 17 21 SEM
Plant height (cm) 17.0d 33.5c 42.6b 63.8a 64.3a 0.75
Number of leaves per plant   6.0c 16.0c 37.0c 76.8a 63.3b 0.73
Number of branches per plant   2.7d  3.8c   5.5b   6.8a   7.0a 1.73
Leaf to stem ratio   1.2a  0.9b   0.6c   0.4d   0.3e 0.16

abcdmeans with different superscripts on the same row are significantly different 

Figure 1: Forage dry matter yield of T. pratense at different stages of growth

Table 2:  Effect of different stages of growth on nutrient composition of Trifolium pratense (g/kg)

                        Stages of growth
Parameter 9 WAS 13 WAS 17 WAS 21 WAS   SEM
Crude protein 208.8a 195.9b 188.3c 180.1d 1.2

Ash 118.0a           113.7a           100.1b                96.0b          5.0
Neutral detergent fibre 341.2d            368.3c           399.8b            435.2a 1.6
Acid detergent fibre 234.7d           247.0c           262.4b            282.7a           2.3
Calcium   18.3a             18.1b           17.87c               17.5d 0.4
Phosphorus     3.7a                   3.3b               2.54c                   2.4c           1.5
Magnesium     5.2a     4.1b               3.90c                   3.5d            0.4
Potassium   20.2a             19.2b           18.63c              18.7d 0.4
Sodium     1.6a                1.1b                0.81c                  0.2d             0.2

abcdmeans with different superscripts on the same row are significantly different, WAS= weeks after 
sowing

Discussion
The forage DM yields at different stages of growth 
in this study were lower than the results obtained 
in the temperate regions of the world. The lower 
yields observed in this study could be attributed 
to genotype and environmental differences. 
Higher number of leaves at 17 WAS could have 
led to the higher dry matter accumulation at this 

stage compared with the other stages. At 21 WAS, 
there was leaf senescence and detachment from 
individual plants leading to less DMY as dry 
season sets in. Dry matter yield was not estimated 
at 5 WAS as the forage crop was at the early 
stage of growth and it was too early to harvest. 
The decrease in CP, ash and increase in neutral 
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detergent fibre and acid detergent fibre from 9 to 21 
WAS corroborated with the report of Marković et 
al., (2008) and Newman et al., (2006). The authors 
reported that as plant growth advances, there is 
greater accumulation of cellulose and lignin in the 
stem, while the content of CP decreases as lignin is 
the main chemical deposited internally in the plant 
cell walls. This study shows that T. pratense has the 
potential to be used as a livestock feed, especially 
during the dry season as supplementary feed in 
this cool tropical climate of Jos, Nigeria due to its 
high CP and ash contents. The forage legume will 
no doubt meet the CP range of 7 to 16% required 
by small ruminants for growth and production as 
stated by (Rashid 2008).  The CP range of 7 to 14% 

required by cows and 10.5 to 14% for replacement 
heifers and steers (Kubkomawa 2015) could be 
met if animals are fed the legume forage as a 
protein source. The forage legumes grown in early 
June in Jos could be harvested around 17 WAS. 
However, more study involving various planting 
dates, mixture with grasses, digestibility, etc of the 
plant in this area should be investigated.
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Abstract
This experiment, conducted at the Federal University of Agriculture, Abeokuta, Nigeria evaluated the 
morphogenesis of three varieties of Pennisetum purpureum used in this study, which were the local, 
purple, and FI variety at different stages of growth. The plants were established through vegetative plant 
parts (stems) sourced from a previously established plot and planted using 1 m × 1 m spacing on plots 
measuring 4 m × 5 m. The plants were fertilized with split doses of poultry manure at 4 t/ha (equivalent 
to 120 kg N/ha). The experiment was laid out as a Randomized Complete Block Design. Data on the 
morphogenic traits and dry matter yield were collected at bi-weekly from the 4th week for a period of 
twelve weeks. Results showed that the morphogenic plant traits differed significantly (p<0.05) between 
the varieties, except the tiller appearance rate (p>0.05) which was not significantly (p>0.05) different 
when the varieties were compared. The purple variety had the least plant elongation and leaf appearance 
rate values, however, for both traits, the F1 hybrid and local variety had similar trait values. The F1 
variety had the least (p<0.05) leaf elongation rate value and the highest leaf (p<0.05) expansion rate 
value. On the other hand, the local and purple variety had comparably higher leaf elongation rate and 
leaf expansion rate values. The purple variety had higher (p<0.05) dry matter yield at the 6th and 8th 
week, but at the 10th and 12th week, the local variety produced the highest dry matter yield. In conclusion, 
the varieties had distinct morphogenic traits. Also, while the purple variety produced higher dry matter 
yield at the early stages of growth, dry matter production was higher for the local variety at more 
advanced stages of growth (10 and 12 weeks).

Introduction
In Tropical Africa, low productivity levels 
plagues the profitability of ruminant animal 
production sector, owing to the fact that majority 
of the ruminant animals in the tropics depend on 
forages sourced from the natural pasture which is 
constrained by seasonal fluctuations that places a 
limitation on the availability of year-round high 
quality forages (Ojo et al., 2014). The narrative is 
worsened in the dry season, where the available 
forages on natural pasture are in limited amounts 
and are unable to meet minimal animal nutrient 
requirements (Babayemi and Bamikole 2006).

Plausible solutions are embedded in the deliberate 
cultivation and management of forage crops, such 
that the intended ruminant forage consumption 
target can be measured against the forage production 

volume and needed land area for cultivation. Also, 
the selection of high yielding, quality, persistent, 
and perennial forages through proper management 
would ensure the supply of forages for livestock 
consumption which is a sustainable practice (Ojo 
et al., 2014). Pennisetum purpureum is a high 
yielding forage grass that is well adapted to the 
tropical climate and several genetic improvements 
have been made to the grass, and some varieties 
have over the years, emerged as part of a conscious 
breeding effort to raise the yield of the grass 
(Maleko et al., 2019). The evaluation of these 
varieties through a comparison of their growth 
traits that influence their yield is quintessential for 
the selection of candidate varieties that would be 
recommended for production. For this reason, this 
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study evaluated the morphogenesis and yield of 
three P. purpureum varieties grown under similar 
environmental conditions.

Materials and methods 
The experiment was carried out at Federal 
University of Agriculture, Abeokuta, Ogun State, 
Nigeria. The three varieties of P. purpureum used 
in this study were the local, purple, and FI variety. 
The grasses were planted using vegetative stem 
cuttings measuring 30 cm in length with at least 
2 nodes above the ground in July, 2019. The stem 
cuttings were planted on plots measuring 4 m × 5 
m with a spacing of 1m between and within rows. 
Analysis of the physico-chemical properties of 
the soil, revealed the soil contained 0.09 % total 
nitrogen, 0.78 % organic carbon and 1.43 mg/kg 
phosphorus. Because of the low N content of the 
soil, 4 t/ha of dried poultry manure (equivalent 
to 120 kg N/ha) was applied to all plots in split 
dosage. A first fertilizer dosage was applied 2 
weeks before planting and another dosage at 3 
weeks after planting. The experiment was laid out 
as a Randomized Complete Block Design with the 
three varieties considered as factors. the varieties 
were replicated four times per block for a total of 6 
blocks. The morphogenic traits of the plants were 
measured in a destructive bi-weekly sequence for 
a total of 12 weeks, with the first data collected at 
4 weeks after planting. A destructive measurement 
was used because, the dry matter yield of the 
grasses were also measured bi-weekly and was 
done immediately after the bio-morphogenic traits 
were measured. The morphogenic traits and dry 
matter yield were recorded on eight randomly 
selected (replicates) on each block per variety. The 
initial and final recorded values for plant height 
(cm), leaf length (cm), leaf width (cm), number 
of leaves, and number of tillers were to estimate 
the plant elongation rate, leaf elongation rate, leaf 
expansion rate, leaf appearance rate, and tiller 
appearance rate respectively. At the end of the bi-
weekly measurement, plants on a plot per block 
was sampled using a 1m × 1m quadrat, and plants 
within the quadrat were harvested at 5 cm above 
ground level and weighed to determine the fresh 
weight. After fresh weight determination, sub-
samples weighing approximately 500 grams from 
each plot were dried at 65 oC until constant weight, 
and dry matter percentage was calculated using the 
weight difference method. The dry mater yield was 
calculated by multiplying the dry matter percentage 
value with the fresh weight value, following which 

we extrapolated the dry matter yield values to 
tonnes per hectare. Data collected were analysed 
using a two-way analysis of variance (variety and 
block effects), and where there were significant 
differences between the varieties, the Tukey HSD 
was used to separate the means. 

Results
The morphogenic plant traits differed significantly 
(p<0.05) between the varieties, except the tiller 
appearance rate which was similar (p>0.05) 
when the varieties were compared (Figure 1). 
The purple variety had the least plant elongation 
and leaf appearance rate values. For both traits, 
the F1 hybrid and local variety had similar trait 
values; however, the F1 variety had the least leaf 
elongation rate value and the highest leaf expansion 
rate value. On the other hand, the local and purple 
variety had comparable higher leaf elongation rate 
and leaf expansion rate values. The purple variety 
had significantly (p<0.05) higher dry matter yield 
at the 6th and 8th week, but at the 10th and 12th week, 
the local variety produced the highest dry matter 
yield.

Discussion
The three varieties studies although have an erect 
growth habit, there were still inherent differences 
in their morphological trait values. The observed 
preference for plant elongation, leaf elongation or 
leaf expansion reveals the mechanism the plants 
used to capture sufficient light for photosynthesis. 
In the F1 hybrid variety, investments in plant 
elongation, leaf expansion, and leaf appearance 
were preferred over leaf elongation. This plant 
investment pattern has been linked to an adaptive 
feature that enables increased light capture under 
low sunlight conditions (Guenni et al., 2008). The 
mechanism was however, different for the local 
variety, which favoured investments in plant and 
leaf elongation, and leaf appearance over leaf 
expansion. According to literature, this permits a 
better distribution of light inside the canopy, and 
prevents etiolation of the lower leaves (Gomide et 
al., 2011). The purple grass variety on the other 
hand only favoured investments in leaf elongation 
over the other morphogenic traits. This mechanism 
may be a conservation strategy which favours 
the production of lesser leaves as its coping 
mechanism against rapid moisture loss (Paciullo 
2011 2016). However, the differences in the trait 
values observed for the varieties revealed that the 
morphogenic traits of the varieties is determined 
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Figure 1: Morphogenic traits and dry matter yield of three Pennisetum purpureum varieties

by their genetics rather than the environment, 
since they all grown under the same environmental 
condition.

There was no consistent variation in the dry 
matter yield values of the plants across the week 
of growth except the local variety which produced 
fairly consistent higher yields from the 10th to the 
12th week. However, dry matter accumulation is 
often influenced by plant choice investments in 
stem or leaf traits, and this can vary based on the 
stage of growth a plant has attained (Paciullo 2011 

and Liu et al., 2019). Therefore, the differences in 
the dry matter yield obtained for the three varieties 
depends upon investment patters at a particular 
stage of growth and the various biotic and abiotic 
filters that influence their development. It is also 
noteworthy to point out that the better yield traits 
recorded for the local variety at the latter stages 
of growth, may be due to the fact that it is better 
adapted to the environment that the other varieties, 
or perhaps it prioritize the growth of existing tillers 
than investments in new tillers.



319

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

References
Babayemi, O.J., Bamikole, M.A. 2006. Effects of Tephrosia candida DC leaf and its mixtures with 

Guinea Grass on in vitro fermentation changes as feed for ruminants in Nigeria. Pakistan 
Journal of Nutrition, 5, 14–18.

Gomide C.A.M., Paciullo D.S.C., Costa I.A., Lima A.M., Castro C.R.T., Ledo F.J.S. 2011. Morphogenesis 
of dwarf elephant grass clones in response to intensity and frequency of defoliation in dry and 
rainy seasons. Revista Brasileira de Zootecnia, 40, 1445–1451.

Li, Z., Zhang, Z., Zhang, T., Gao, R., Li, X. 2019. Heavy grazing effects on stem elongation and internode 
allometry: Insights from a natural pasture grass. Grass Forage Science, 74(3), 427–436.

Maleko, D., Mwilawa, A., Msalya, G., Pasape, L., Mtei, K. 2019. Forage growth, yield and nutritional 
characteristics of four varieties of Napier grass (Pennisetum purpureum Schumach) in the west 
Usambara highlands, Tanzania. Scientific African, 6, e00214.

Ojo, V.O.A., Dele, P.A., Yusuff, R.B., Olanite, J.A., Jolaosho, A.O.,  Arigbede, O.M.,  Adeoye, S.A., 
Amole, T.A., Hassan O.A. 2014. Biomass yield and nutritive quality of four varieties of 
Pennisetum purpureum as influenced by three cutting intervals in the humid zone of Nigeria. 
Nigerian Journal of Animal Production, 41, 2, 165-173.

Paciullo D.S.C., Fernandes P.B., Gomide C.A.M., Castro C.R.T., Souza Sobrinho F.S., Carvalho C.A.B. 
2011. The growth dynamics in Brachiaria species according to nitrogen dose and shade. Revista 
Brasileira de Zootecnia, 40, 270–276. 

Paciullo, D.S.C., Gomide, C.A.M., Castro, C.R.T., Maurício, R.M., Fernandes, P.B., Morenz, M.J.F. 
2016. Morphogenesis, biomass and nutritive value of Panicum maximum under different shade 
levels and fertilizer nitrogen rates. Grass and Forage Science, 72(3), 590–600.



320

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

Examining the Impact of Patch Burning on Livestock Grazing Patterns in Edwards Plateau, 
Texas 

 
Gao, W.G1; Angerer, J.P.A2; Wu, X.B.W2; Tolleson, D.T4. 

1Department of Ecology & Conservation Biology, Texas A&M University, USA; 
2Department of Range, Wildlife, and Fisheries Management, Texas A&M University, USA; 

3Department of Ecology & Conservation Biology, Texas A&M University, USA; 
4Texas A&M AgriLife Research, Texas A&M University, USA.

Key words: Grazing Pattern; Prescribed Burn; GPS Collar

Abstract
Production of sheep, goat, and cattle are major agricultural enterprises on West Texas rangelands, 
especially in the Edwards Plateau. In this region, the use of fire as a management tool was suppressed 
until recently. Although previous studies have been conducted to evaluate cattle use of burned versus 
unburned patches, there has been a lack of studies where combinations of livestock species grazing 
together on patch burned areas have been evaluated. The objective of this study is to examine grazing 
patterns of cattle, sheep and goats, both spatially and temporally, on areas where patch burning has been 
implemented. The study site is the Texas A&M AgriLife Research Ranch, Martin Ranch, located in 
Mesquite-Oak-Savanna ecosystem in Menard County of Texas, USA. In February 2019 and September 
2020, patch burns were implemented on the ranch and represented about 29% of the total ranch area 
(480 out of 1655 ha). After the burns, animals from the resident herd were randomly selected and GPS 
collars were placed on 34 goats, 33 sheep, and 8 cows to reflect the proportion of animals in the resident 
herd. The GPS collars were set to collect movement data every 10 minutes during a fourteen-month 
period. Gates and fences for the entire ranch were opened and livestock were free to choose areas to 
graze. Data from the GPS’s were evaluated to determine locations where the animals grazed and their 
preferences for different areas of the landscape. Initial observations indicate that cattle and sheep were 
more attracted by recent burned patches compared to goats. Livestock forage use patterns and time 
spent by species in the burned and unburned areas and among different vegetation land cover classes 
are presented. Information from this study will assist in providing information to producers on how 
implementation of patch burning would influence their management of these grazing lands.

Introduction
Fire is a natural disturbance that can influence 
ecosystem function. The intensity, frequency, 
size of fires over a long period of time has been 
described as the fire regime (Juryeliu 2004). Prior 
to European settlement, it is well documented 
that both  wildfire, and  fires started by humans, 
played key roles in shaping plant community and 
landscapes (Taylor 2003). Perennial grasses were 
the dominant species in the arid and semi-arid 
rangelands (Cory 1949). However, due to complex 
interactions of overgrazing, fire suppression, and 
climate change, grasslands have been converted 
to shrub land due to woody plant encroachment 
during the last 100 years (Archer 1989; Archer et 
al., 1988). 

Prescribed fire is a planned fire; it also called 
“controlled burn” or “prescribed burn” (Service 
2020). It is used to meet specific management 
objectives, such as woody plant encroachment. A 
prescription is a set of conditions that considers 
the safety of not only the public and fire crew 
staff, but also air temperature, humidity, wind 
direction, and probability of meeting the burn 
objective. Prescribed fire can be a useful tool 
on grassland and savanna landscapes as it can 
alter grazing by livestock and browsing wildlife 
because the animals prefer to select the recently 
burned areas to graze. This alters the spatial and 
temporal interactions between fire and grazing and 
has been defined as pyric herbivory (Fuhlendorf 
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et al., 2009). The fire reduces forage availability 
for pyric herbivory in the short-term, but in the 
long term, fire increases grass production (Taylor 
2003) and generally increases forage quality. The 
concepts of pyric herbivory have been introduced 
as an approach to increase functional diversity and 
provide opportunities to influence grazing regimes 
using fire to aid in distribution of grazing across 
the landscape instead of using fencing.

Production of sheep, goat, and cattle are major 
agricultural enterprises on rangelands, especially 
in the Edwards Plateau (USDA 2012). Previous 
studies (Fuhlendorf et al., 2009; Russell et al., 
2012; Vermeire et al., 2004) have been conducted 
to evaluate cattle use of burned versus unburned 
patches and results from these studies indicated 
that livestock spend 75% of their time on recent 
burning patches (Fuhlendorf and Engle 2004). 
However, there has been a general lack of studies 
on the spatial and temporal interactions between 
multiple kinds of livestock grazing together on 
the landscape. The objective of this study is to 
examine grazing patterns of cattle, sheep and goat, 
both spatially and temporally, on areas where 
patch burning has been implemented.

Materials and methods 
The study site is the Texas A&M AgriLife 
Research Ranch, Martin Ranch (30.807518, 
-99.838896, Figure 1), located in Menard County, 
Texas which is characterized as Mesquite-Oak-
Savanna ecosystem (TPWD 2021). The dominant 
soil series found at the Martin Ranch is the Tarrant 
soil series (70.6%). The Tarrant series consists of 
shallow cobbly clay soils over limestone bedrock. 
Other less dominant soils are Valera silty clay 
(15.9%), and Kavett silty clay (5.2%). Dominant 
herbaceous plants include Texas wintergrass 
(Nassella leucotricha), sideoats grama (Bouteloua 
curtipendula), and common curly mesquite 
(Hilaria belangeri). Dominant woody plants 
include live oak (Quercus fusiformis), honey 
mesquite (Prosopis glandulosa), and ashe juniper 
(Juniperus ashei) (McGinty et al., 1983).

The area of the Martin Ranch used for this part 
of study is approximately 1560 hectares. The 
elevation gradient ranges from 630 meters to 678 
meters, and the slope ranges from 0 to 9%. The 
climate at the study area is characterized by hot 
summers and generally mild winter conditions. 
The average temperature of Menard Country for 
the year is 17.2°C (Information 2020). 

Figure 1: Texas A&M AgriLife Research Ranch, 
Martin Ranch.

The resident herd of livestock at the Martin Ranch 
includes 325 head of goat, 290 head of sheep, 
and 50 head of cattle. Prior to implementation of 
patch burning, the cow-calf, ewe-lamb, and doe-
kid operations were separately managed under 
rotational grazing management at the ranch. 

Patch burns were implemented on the study site in 
each of two years, February of 2019 and September 
of 2020 (Figure 1). Each burn represented about 
one-seventh of the total area of the ranch (240 ha). 
After each patch burning event, animals from the 
resident herd were gathered, by species, and held 
in holding pens. Researchers randomly selected 
34 goats, 33 sheep, and 8 cows to fit with pre-
made GPS collars (Knight et al., 2018). The GPS 
collars were set to collect movement data every 
10 minutes and batteries were charged every five 
months. Gates and fences within the interior of 
the ranch were opened and livestock were free 
to choose areas to graze. To reduce influence of 
other attractants for livestock use and movement, 
stratifications have been used to define core areas 
for assessing livestock use of the landscape.  Soil 
information, water troughs, roads, and fence gate 
location data have been input as layers within a 
GIS. Buffers zones (200 m) were defined for all 
interior gates and water throughs, and 100 meters 
buffer lines defined for firebreaks/roads (Figure 1).  
Areas of the pastures not falling into these buffer 
areas were defined as core areas for livestock use. 

At the end of each 5 month period, GPS collars were 
removed from the animals, and data downloaded.  
Within 7 days, the collars were again placed on 
livestock.  Animals were randomly selected from 
the respective herds, collars placed on the animals, 
and then they were released.  GPS data were 
processed and screened to remove spurious points.  
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The data were then evaluated to determine locations 
where the animals grazed and their landscape 
preferences. Livestock location data were clipped 
to those falling into the core areas (Figure 1), then 
intersected with land cover raster data which was 
developed using supervised classification of UAV 
multispectral images with 0.32 meters resolution. 
The multispectral images were classified into four 
vegetation types: bare ground (BG), grass (GR), 
small woody (SW, canopy cover less than 5 m2), 
and large woody (LW, canopy cover greater than 
5 m2).

Results
The first burns were implemented in late February 
2019, the second burns were implemented in 
September 2020 (Figure 1). The first post-burn 
GPS collar location data period was from June 
2019 to September 2020, except for March to 
June 2020 due to pandemic travel restrictions. 
The second post-burn period was from October to 
November of 2020.  

       

Figure 2: Livestock forage use pattern by burned vs. unburn pasture in 2019 (left) and 2020 (right) 
burns.

Figure 3: Percentage of Total GPS location distributed in four vegetation types on burned and unburned 
pastures in 2019 (left) and 2020 (right).

The average number of livestock GPS location 
shows cattle and sheep were more attracted to the 
most recent burned pastures compared to goats in 
both the 2019 and 2020 burn events (Figure 2). 

Cattle and sheep increased their visits on the 2020 
burned pasture immediately after the burn. Then 
they reduced their use of the burned pasture and 
switched to unburned pasture as time since the 
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burn was implemented increased. In 2020, goats 
grazed the recently burned pasture, however, for 
the 2019 burns, they chose unburned areas to 
graze more frequently. During the peak biomass in 
August and September, all three kinds of livestock 
increased their visits to burned pastures. 

For the four vegetation types on ranch, the grass 
(GR) type was the most visited type for all three 
species of livestock during whole day (66%-
76% of forage use per day). Sheep and cattle 
increased visiting large woody from 3PM to 
midnight potentially because of resting, bedding, 
or seeking shade to avoid heat. Goats had greater 
use percentage of large woody vegetation types 
than sheep and cattle, but did not show significant 
differences by hours per day. Results from 
Resource Selection Function indicated vegetation 
types of grass (GR), large woody (LW), small 
woody (SW) and season significantly impact the 
livestock forage use pattern (Figure 3).

Discussion
This study provides an opportunity to evaluate 
how the different livestock species use the 
landscape after patch burning. Vermeire et al., 
(2004) indicated cattle were strongly attracted to 
the burned patches and consumed grass standing 
crop. Results from our GPS collar data shows not 
only cattle but also sheep were attracted to the 
burned pastures, goats increased using burned 
pasture during the peak biomass season. Mosaic 
patch burning can be implemented as a rangeland 
grazing management tool to influence grazing 
patterns. This study will assist in providing 
information to producers on how implementation 
of patch burning would influence their management 
of these grazing lands. Future work will focus on 
interpolation of livestock distribution with larger 
temporal scale by species and seasons, in addition 
to paired comparisons of GPS locations with 
camera trap observations. 
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Abstract

Feed and forages take the bulk of inputs required in livestock production. Inadequate forages in quality 
and quantity in sub-Saharan Africa is resposible for low livestock productivity. Addressing livestock 
feed requirements presents quick wins in livestock productivity compared to breeding and health. In 
a Climate Smart Dairy project implemented in Tanzania, we demontrated several forage options to 
farmers including, two cultivars of Pennisetum purpureum, two Urochloa hybrids, Chrloris gayana 
and Tripsacum andersonii (control). Where applicable, the grasses were intercropped with either one 
of the following forage legume, Desmodium intortum, Lablab purpureus or Stylosanthes guiyanensis. 
Fourteen forage treaments were obtained in the end, replicated thrice in each of three sites. Locations 
were Kichiwa ward in Njombe district, Igowole ward in Mufindi district and Lufingo ward in Rungwe 
district of southern highlands in Tanzania. In each ward, farmers were guided in generating and scoring 
criteria of importance to them, which later they subjected to the treatments in respective sites. On plot 
by plot basis, individual farmers, scored (1–9)  treatments against the criteria. We pooled the scores 
together to generate weighted scores.  The higher the weigheted score, the higher the preference. Clear 
differences emerged across the sites. In the three sites, all treatments scored higher than the control. 
High farmers’ preference suggests the forages stand good chances of adoption, when the seeds/ planting 
materials are available. The results would be valuable to frontline  livestock extension agents in the areas 
and other similar agricultural context. 

Introduction
In Tanzania, livestock sector is among the 
growing segments where more people, experts and 
scientists are drawing attentions for improvement. 
In collaboration with the Non-governmental 
organization, the government of Tanzania has 
introduced improved forages to improve  animal 
nutrition and help to increase animal production 
and hence income of  smallholder farmers. This 
is in line with the Tanzania National Livestock 
Master plan, (Mbwambo et al., 2017)genetics, 
health, value addition and complementary policy 
changes would result in a 77% increase in milk 
production, leading to 1,002 million litre surplus 
of supply over projected domestic consumption 
requirements.(Mbwambo, Nigussie, and Stapleton 
2017 and National Livestock Policy (URT 
2006)particularly, in smallholder dairy cattle 
production. Studies on prioritizing agro-industrial 
by-products in dairy cattle feeding are central 
to formulation of sustainable feed management 
strategies. This study was thus conducted to 
investigate farmers’ knowledge of agro-industrial 
by-product management as dairy cattle feed to 

build logical ideology required in development 
of appropriate feed management strategies. 
Focus group discussion and individual interviews 
were conducted in Lake Victoria Crescent 
agro-ecological zone to capture information on 
farmers’ knowledge of the factors enhancing agro-
industrial by-products utilization, temporal and 
spatial variability, and limitations to utilization in 
smallholder dairy farming system. Chi-square test 
at p<0.01, df = 3 showed a significant difference 
among farmers rankings of utilization and factors 
limiting utilization (p<0.01, df = 4. Livestock 
sector does not only support the livelihood of the 
people especially in the rural but also contributes to  
the Agricultural Gross Domestic Product (agGDP) 
of the country. The sector contributes 5.9% of 
the country’s Gross Domestic Product (Ermias et 
al., 2015)particularly, in smallholder dairy cattle 
production. Studies on prioritizing agro-industrial 
by-products in dairy cattle feeding are central 
to formulation of sustainable feed management 
strategies. This study was thus conducted to 
investigate farmers’ knowledge of agro-industrial 
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by-product management as dairy cattle feed to 
build logical ideology required in development 
of appropriate feed management strategies. 
Focus group discussion and individual interviews 
were conducted in Lake Victoria Crescent 
agro-ecological zone to capture information on 
farmers’ knowledge of the factors enhancing agro-
industrial by-products utilization, temporal and 
spatial variability, and limitations to utilization in 
smallholder dairy farming system. Chi-square test 
at p<0.01, df = 3 showed a significant difference 
among farmers rankings of utilization and factors 
limiting utilization (p<0.01, df = 4.

Feeds and forages shortage in dry season in 
particular, is among the factors that drawback the 
development and improvement of the livestock 
sector in Tanzania. The animals therefore, go into 
cycles of weight gain and weight loss in the wet 
and dry seasons respectively. Additionally, due 
to poor quality of the existing feeds, seasonal 
changes  and growth stages of plants, grazing 
animals are often unable to satisfy their nutritional 
requirements especially during reproductive and 
most productive phases (Mapiye, et al., 2006). In 
view of the aforementioned, the current study aimed 
to explore the farmer’s preference on cultivated 
forages under their prevailing agricultural context. 

Methods and Study Site
Selection of farmers

We conducted the study in the southern highlands 
of Tanzania in three districts namely Njombe, 
Rungwe and Mufindi. Although we worked at two 
sites per district, here we focus on one site /district 
as follows. Kichiwa ward in Njombe, which gets 
mean temperature of 16°C and precipitation of 
1160 mm in a year. Kiwira in Rungwe district 
with mean annual temperature ranging 16 –25°C. 
In Rungwe, average rainfall ranges from 900 mm 
in the low land to 2700 mm in the highlands zones 
(Itambu, 2016).  Igowole, in Mufindi the mean 
temperature is 17.1°C, with a precipitation of 
1576 mm a year (Climate-data.org, 2020).  With 
assistance of frontline livestock extension officers, 
we selected farmer groups interested in dairy 
production and improvement. 

Forage demonstration trials and data collection

With full farmer participation, we established 14 
plots (3m x5m) of forage technologies replicated 
3 times in each of the site, and across the districts 
and observed agronomy practices including 
land preparation, spacing and weeding. Forages 
included two Brachiaria hybrids (Cayman, Cobra), 
two Pennisetum purpureum accessions, Chrloris 
gayana, Tripsacum andersonii and three forage 
legumes- Desmodium  intortum, Stylosanthes 
guiyanensis and Lablab purpureus  intercroppped 
with selected grasses.

As a group in each district, the farmers generated 
forage evaluation criteria considered important in 
determining preferable forage in farmers’ context. 
During evaluation available farmers within each 
ward moved across the farms (from one plot to 
another across all 42 plots) scoring individually 
for all the forages against the already generated 
criteria. The score generated ranged from 1-9, with 
nine being the most important and one as least 
important.

Data Analysis

The data were  managed using Microsoft 
excel and then analysed using GenStat, edition 
18th. Comparisons of means were considered 
significantly different at (P<0.05) using the Least 
Significant Difference (LSD).

Results
The farmer’s field assessment at Igowole ward was 
performed on 17th August 2019 (Table 1). Some of 
the forage types showed significant differences in 
the rate of  regrowth and greenness and the rest 
did not show significant differences. Cayman-
desmodium intercrop ranked first while Cayman-
Stylosanthes intercrop ranked lowest similar to 
Rhodes grass planted alone (Table 1). In Kiwira 
ward, Rungwe district (assessment conducted on 
19th August 2019), the ranking was different (Table 
2).  Rhodes grass- Stylosanthes intercrop ranked 
first followed by Cayman-Stylosanthes intercrop 
that was similar to Rhodes sole crop. Guatemala 
grass usually planted in the area ranked last.
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Discussion
The criteria for selecting forage species across 
the districts generally touched on forage yield, 
acceptance by the animals and the ability to 
contribute to increase milk. This makes sense, as the 
ultimate goal is to improve livestock productivity. 
The various forages returned ordered preferences, 
and is notable that the usually planted Guatemala 
grass did not rank strongly across the districts. It is 
likely therefore, the livestock keepers lack access 
and exposure to cultivated forage options, the 
reason they found forages presented in this study 
better that Guatemala grass familiar to them. Lack 
of forage seeds and planting materials is not new 
especially in sub-Saharan Africa linking to the 
chronic low livestock productivity. Lukuyu et al, 
(2009) in addition to the fore mentioned, reported 
lack of knowledge and skills in forage production 
compounding the problem.

The forage options presented in this study are 
prime candidates if adopted to contribute to 
increasing livestock productivity. The fact that 
farmers could identify them with better attributes 
than what they are growing  means they stand a 
good chance of adoption. Producing improved 
feeds especially roughages cheaply at farm level is 
viable for smallholder farmers rather than buying 
off farm. Globally, arable land has declined over 
decades leaving virtually no areas of agricultural 
expansion. Projections show Africa human rural 

population  growth for the next 40 years exerting 
more pressure on land (Jayne et al., 2016). 
Therefore, resource use efficiency- getting more 
from same or less input units becomes critical for 
sustainable global production systems (Makkar 
2016) including forage production to sustain the 
growing demand for animal source foods (Sattari 
et al., 2016). 

Conclusion
The relatively low forage cultivation in Tanzania 
can benefit from use of forage technologies 
whose rating by farmers in the current study is 
better than what they are used to growing in the 
southern highlands. However, there is need to 
enhance forage promotion with full particiation of 
the livestock keerpers while imparting skills and 
knowledge. In parallel, forage seed systems should 
be developed to allow farmers access forage seeds 
and planting material, affodably.  

Acknowledgment
We are greatly thankful to the farmers who 
provided their time and input, without them this 
work would not have been possible. We are also 
thankful to the livestock extension officers for 
their hardworking mobilizing and bringing the 
farmers together, which helped us to accomplish 
the assessment successfully. Special thanks to 
IFAD for their financial support through Climate 
Smart Dairy Project in Tanzania.

References
Climate-data org, (2020).  https://en.climate-data.org/africa/tanzania-132/ 

Ermias E., Paul G., Joseph, K. 2015. The role of livestock in the Tanzanian economy: Policy analysis 
using a dynamic computable general equilibrium model for Tanzania. No. 1008-2016-80109. 
2015. Add publisher and city

Itambu, M.P. 2016. Managing the Balance: Ecological Pressures and Heritage Resources in Rungwe 
District, Southern Highlands of Tanzania. Journal of Geoscience and Environment Protection, 
4, 79-90.

Jayne, T. S., Chamberlin, J., Traub, L., Sitko, N., Muyanga, M., Yeboah, F.K., Anseeuw, W., Chapoto, 
A., Wineman, A., Nkonde, C., Kachule, R. 2016. “Africa’s Changing Farm Size Distribution 
Patterns: The Rise of Medium-Scale Farms.” Agricultural Economics (United Kingdom) 
47:197–214.

Lukuyu B.A, Kitalyi. A., Franzel. S., Duncan. A., Baltenweck, I. 2009. Constraints and options to 
enhancing production of high quality feeds in dairy production in Kenya, Uganda and Rwanda 
ICRAF Working Paper no. 95. Nairobi, Kenya: World Agroforestry Centre.

https://en.climate-data.org/africa/tanzania-132/


330

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

Mapiye, C., Foti, R., Chikumba, N., Poshiwa, X., Mwale, M., Chivuraise, C., Mupangwa, J.F. 2006. 
Constraints to Adoption of Forage and Browse Legumes by Smallholder Dairy Farmers in 
Zimbabwe. Livestock Research for Rural Development 18(12).

Mbwambo, N., Nigussie, K., Stapleton, J. 2017. Dairy development in the Tanzanian Livestock master 
plan. ILRI, Nairobi Kenya

Makkar, H. P. S. 2016. Animal Nutrition in a 360-Degree View and a Framework for Future R&D Work: 
Towards Sustainable Livestock Production. Animal Production Science 56(10):1561–68.

Sattari, S.Z., Bouwman, A.F., Martinez, R.R., Beusen, A.H.W., van Ittersum, M.K. 2016. Negative global 
phosphorus budgets challenge sustainable intensification of grasslands. Nature Communications 
7: 10696.

United Republic of Tanzania (URT) 2006b. National livestock policy. <http://www.mifugo.go.tz/
documents_storage/l%20Livetock%20Policy.pdf> (Accessed 10 September 2011).



331

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

Forage accumulation and quality of three contrasting ecotypes of tall fescue (Schedonorus 
arundinaceus) managed under frequent defoliation 
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Abstract
In the past, tall fescue ecotypes were compared under intermediate management defoliation frequency, 
but now has station, Argentina (-33 ° 56 ‘S, -60 ° 33’ W) in autumn 2016, on a typical Argiudoll soil. 
The treatments were cultivars representing three ecotypes of tall fescue: (i) - Mediterranean (cv. Flecha), 
(ii) - Intermediate (cv. Royal Q 100) and (iii) - Continental (cv. Lujan INTA). Each plot consisted of 
7 rows 6.0 m long, 0.2 m apart (8.4m2 plot size) arranged in a randomized complete block design 
with 4 replicates. The first cut was done at the end of September when pastures reached > 90 % of 
soil cover. The following six cuts were done when thermal time was 550°±50°C degree days (base 
temperature=4°C). The forage accumulation was determined by cutting with a mowing machine the 
central 5 m2 of each plot, at a height of 0.05 m. A sample (0.250 g) was taken to analyze in vitro dry 
matter digestibility (IVDIG), crude protein (CP), neutral detergent fiber (NDF) and NDF digestibility 
(NDFDIG). Mixed model was applied to consider ecotype and time effects. Ecotype*time interaction 
was significant for all variables (p<0.0001) except for forage accumulation. The values ranged between 
491 and 2,625 kg DM ha-1 for forage accumulation, while IVDIG ranged between 57.2 and 68.7%, CP 
between 11.5 and 19.1%, NDF between 45.5 and 62.8% and NDFDIG between 26 and 65.3%. The 
Mediterranean ecotype produced less forage but in many cuts with higher CP. In many cuts, IVDIG was 
higher in the Continental ecotype associated with less leaf diseases.

Introduction
Tall fescue is the most used temperate perennial 
grass in the Argentina Humid Pampa due to its wide 
ecological adaptation (Scheneiter et al., 2016) with 
moderate to high forage accumulation depending 
on the environment. Tall fescue differs from other 
temperate grasses (orchard grass and perennial 
ryegrass) due to its greater adaptation to warm 
environments (Reed et al., 1996) and tolerance 
to summer drought (Anderson et al., 1982). Tall 
fescue has four ecotypes: i) Mediterranean, ii) 
Intermediate, iii) Continental and iv) Rhizomatous 
which vary in seasonal growth rates and persistency 
strategies. In this way, the Continental ecotype has 
higher growth in spring and summer and lower in 
winter than the Mediterranean ecotype (Mazzanti y 
Arosteguy, 1985). In addition, there are variations 
in the morphology, with reduced plant size and 
tiller number for the Mediterranean ecotype 
(Assuero et al., 2000). At Pergamino, in the North 
of Buenos Aires Province (Humid Pampa), tall 
fescue ecotypes have shown differences in forage 

accumulation and quality (Bertín et al., 1990). The 
differences in the forage quality among ecotypes 
were detected in winter and summer, without 
differences in spring. However, in the last years, 
new tall fescue cultivars have been released so it is 
necessary to update this information with present 
recommended practices. The current defoliation 
criterion prioritizes the production of green 
leaves, avoiding the accumulation of dead material 
through the use of leaf lifespan (Lemaire et al., 
2009). The objective of this work was to evaluate 
the accumulation and quality of the forage of three 
ecotypes of tall fescue in the first production year, 
under frequent defoliation.

Materials and methods 
The experiment was carried out for one year 
(from May 2016 to May 2017) in the Northwest 
of Buenos Aires province, at INTA Pergamino 
Research Experimental Station (-33° 57’, -60° 33’), 
Argentina. The climate at Pergamino is temperate 
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humid with an annual average temperature of 
16.6° C, being the average temperature of the 
coldest month (July) 9.8° C, and the average of 
the warmest (January) 23.3° C. Average rainfall 
is 986 mm (period 1967-2017). During the 
experimental period, precipitation was above the 
long-term average (1147 mm in 2016; 1130 mm in 
2017). The experiment was established on a Typic 
Argiudoll soil and agriculture capacity (pH=5.2; 
organic matter=3.1 % and extractable phosphorus 
= 12.7 mg kg-1).The treatments were cultivars of 
three ecotypes of tall fescue: (i) - Mediterranean 
(cv. Flecha), (ii) - Intermediate (cv. Royal Q 100) 
and (iii) - Continental (cv. Lujan INTA). Each plot 
consisted of 7 rows 6.0 m long, 0.2 m apart (8.4m2 
plot size) arranged in a randomized complete 
block design with 4 replicates. The first cut was 
at the end of September when treatments reached 
> 90 % of soil cover (thermal time accumulated = 
1,024 degree days). The following six cuts were 
done when thermal time was 550°±50°C degree 
days (base temperature = 4°C) according to tall 
fescue leaf lifespan (Lemaire et al., 2009) to avoid 
natural senescence. The forage accumulation was 
determined by cutting with a mowing machine the 
central 5 m2 of each plot, at a height of 0.05 m. 
All fresh material was weighed and an aliquot of 
250 g per plot was taken to estimate dry matter 
content. The sample was dried to constant weight 

in a forced drying oven at 60° C. The dried sample 
was used to analyse the quality of the forage 
through in vitro dry matter digestibility (IVDIG), 
crude protein (CP), neutral detergent fiber (NDF) 
and NDF digestibility (NDFDIG). The dynamics 
of forage accumulation and quality variables were 
analysed with a mixed model with randomised 
complete block design and repeated measures 
considering ecotype and time effects. DGC test 
was used to detect differences between treatments 
(p < 0.05). All statistical analyses were performed 
by using InfoStat 2017 software for Windows (Di 
Rienzo et al., 2018).

Results
Forage accumulation ranged between 491 and 
2,625 kg DM ha-1 (Figure 1). There was no ecotype 
by time interaction. The Mediterranean ecotype 
produced less forage during all the growing 
season (p<0.0001). In contrast, the Continental 
and Intermediate ecotypes had similar forage 
accumulation overall the season except in the 
fifth cut (31/01/16) where the Continental ecotype 
produced more forage than the Intermediate 
ecotype. Time effects were also significant 
with the peak of growth in spring, especially in 
November, where tall fescue plants began the 
reproductive phase (data not shown). The forage 
accumulation decreased as the summer progressed 
for all ecotypes.

Figure 1: Forage accumulation of three 
contrasting ecotypes of tall fescue: 
Mediterranean (cv. Flecha), Continental 
(cv. Luján INTA), and Intermediate (cv. 
Royal Q100) during the first production 
year. Values are means ± SE of four 
replicates. Lowercase letters represent 
comparison among dates and ecotypes. 
All comparisons were performed by DGC 
test (p ≤ 0.05).

 There was interaction ecotype by time for 
quality variables (p<0.0001). In vitro dry matter 
digestibility ranged between 57.2 and 68.7% 
(Figure 2A) and there was no a defined pattern, 
however in many cuts the Continental ecotype 
has the highest IVDIG, especially as the summer 
progressed. The NDF content ranged between 
45.5 and 62.8% (Figure 2B) whereas NDFDIG 
ranged between 26.0 and 65.3% (Figure 2C). NDF 
increased after the first cut, with higher NDF in the 

ee f

last two cuts, and the differences between ecotypes 
were occasional and of low magnitude. The 
digestibility of the NDF (NDFDIG) was lowest in 
the first cut. After, the NDFDIG increased and, in 
the majority of sampling dates was higher for the 
Continental ecotype. CP ranged between 11.5 and 
19.1% (Figure 2D), in contrast to the other quality 
variables for CP was higher for the Mediterranean 
ecotype in many cuts (spring and early summer).
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Figure 2:  Quality of three contrasting ecotypes of tall fescue: Mediterranean (cv. Flecha), Continental (cv. 
Luján INTA), and Intermediate (cv. Royal Q100) during the first production year. A. In vitro digestibility 
(IVDIG). B. Neutral detergent fiber content (NDF). C. NDF digestibility (NDFDIG). D. Crude protein 
content (CP). Values are means ± SE of four replicates. Lowercase letters represent comparison among 
dates and ecotypes. All comparisons were performed by DGC test (p ≤ 0.05).

Discussion
During the first production year, the seasonal forage 
accumulation dynamics of the three tall fescue 
ecotypes was similar, and this could be associated 
with the fact that the evaluation period did not 
include the winter season when it is expected that 
the Mediterranean ecotype increases its growth 
rate in comparison with other ecotypes. However, 
the germplasm effect determined that under the 
same defoliation management the Mediterranean 
ecotype produced less forage all over the period.

Forage quality was studied through diverse 
attributes. Although the values were in the 
range of a previous report (Bertín et al., 1990) 
the behaviour was different. In that report they 
found a progressive decrease from winter/
spring to summer. Interestingly in the present 
experiment, quality reductions in summer were 
less intense, this pattern was observed especially 
for IVDIG and CP. This could be due to the use 
of the recommended defoliation management 
practices that avoid natural leaf senescence. In 
contrast, the NDF and its digestibility increased 
both as the time progressed, and in same way they 
compensate in their effects, because the increase 

in the cell wall content was accompanied with the 
increase in its digestibility. The ecotype effects 
were different depending on the variable, a better 
forage quality in terms of IVDIG and NDFDIG 
was for the Continental ecotype followed by the 
Intermediate and lower for the Mediterranean 
ecotype. This probably was due to morphological 
differences between ecotypes as mentioned by 
Assuero et al., (2000) and to a better performance 
in the Continental ecotype to leaf diseases i.e. rust 
(data not shown). In contrast, the Mediterranean 
ecotype had higher CP that the other ecotypes, 
probably due to less forage production and lower 
dilution of plant nitrogen content.

These results highlights the influence of 
germplasm in both forage accumulation and its 
quality. Although important seasonal variations 
the Continental ecotype under this scheme 
of defoliation management showed a better 
performance in both production and quality than 
the Mediterranean ecotype. However, the selection 
of more productive cultivars of the Mediterranean 
ecotype would be interesting to increase forage 
production during the winter. 
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Abstract
We aimed at evaluating the microclimate, canopy structure, and grazing behaviour of cattle on Brachiaria 
sp. pastures within continuous pasture (CON), integrated crop-livestock (ICL), and crop-livestock-
forestry (ICLF) systems in Brazilian dry season. Forage accumulation was monthly assessed in four 
paddocks per system from May to August 2019. To characterize the microclimate, air temperature 
and relative humidity were measured every hour and temperature-humidity index calculated. Grazing 
behaviour of 12 Nellore heifers per system (mean bodyweight 355 standard deviation±32.6 kg) was 
recorded by chewing sensors on nine continuous days (1 d adaptation + 8 d measurement) of three 15-d 
periods. Four animals per system were evaluated per period (n=3 systems x 3 animals x 3 periods x 8 
d). Data were analysed by mixed model using SAS v9.4. Statistical significances were tested at P<0.05. 
Across the whole dry season, heifers were exposed to 343 hours of moderate heat stress and 76 hours of 
severe heat stress in CON and ICL. Instead, 342 hours of moderate heat stress but no severe heat stress 
conditions were observed in ICLF. Forage accumulation rate was greater in CON than ICLF, with no 
differences between ICLF and ICL. There were no differences between the systems for proportions of 
green leaf and dead plant material, although dead material accounted for 73% of total forage biomass on 
dry matter basis. Pasture in ICL was taller and had greater stem proportion than CON and ICLF. Forage 
canopy structure likely reduced bite mass in CON and ICL. As a compensatory mechanism, heifers 
in CON and ICL increased their number of grazing bites and prolonged their daily grazing time (in 
CON) as compared to animals in ICLF. In summary, under conditions of Brazilian dry season, grazing 
behaviour of Nellore heifers seems to be more influenced by canopy structure than by microclimatic 
factors. 

Introduction
Low availability and nutritional quality of forage 
on pastures limit the performance of cattle in 
grazing systems in Brazil, in particular during 
the dry seasons. Furthermore, high ambient air 
temperatures and solar radiation may induce heat 
stress, even in adapted breeds such as Nellore cattle. 
The additional energy costs for thermoregulation 
coupled with the poor nutrition challenge the beef 
cattle production in Brazilian grazing systems, 
typically in the dry season. Planting trees on 
pastures can improve the microclimatic conditions 
by reducing the environmental heat load. In 
integrated crop-livestock-forestry systems (ICLF), 
the arboreal component reduces solar radiation 
that reaches the forage canopy. To compensate 

for light restriction and reduce the negative 
effects of shading on plant growth, tropical forage 
grasses increase their specific leaf area, leaf 
elongation rate, and leaf length (Paciullo et al., 
2011). Moreover, several authors have reported 
an improvement in forage nutritive value under 
shading, particularly an increase in crude protein 
concentration. Such changes in morphological and 
nutritional composition over their canopy profile 
affect behaviour of grazing cattle (Mezzalira et 
al., 2014)forage plants are able to adjust and 
partially compensate growth reduction under light 
stress. These adjustments change morphological 
proportions and composition along the vertical 
profile of the sward. Sward morphological 
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composition is directly related to animal intake 
behavior and performance. One objective of this 
study was to evaluate the effects of different tree 
shading levels on sward vertical structure of Piatã 
palisadegrass cultivated in a crop-livestockforestry 
integration area. Another objective was to identify 
the relationship between sward vertical structure 
and herbage intake by cattle (Boss pp., as the 
animals try to maintain their forage intake to 
meet their nutritional needs. However, forage 
intake of grazing cattle decreases when grazing 
conditions severely limit bite mass due to inability 
to maintain intake rate and time spent on other 
activities besides grazing, such as, ruminating, 
social interaction, and ordinary maintenance 
activities. The forage canopy structure strongly 
influences the foraging decisions of grazing 
animals such as the daily grazing time and the 
number and diurnal distribution of grazing events 
(Mezzalira et al., 2014)function and productivity 
of grazing systems. The present study aims at 
quantifying the mechanisms by which intake rate 
is determined in swards of contrasting structure 
and forage species, and it reveals the importance 
of animal choice in the interaction between animal 
and sward. We hypothesised that as sward height 
and herbage mass increased, bite mass and intake 
rate would increase. The relationship between 
intake rate and bite mass should exhibit a higher 
asymptote for the more succulent, less fibrous 
Avena than for Cynodon due to differences in 
chewing requirements per unit dry mass of intake. 
In four different experiments, Cynodon sp. cv. 
Tifton 85 and Avena strigosa cv. Iapar 61 swards 
of different heights were obtained by various 
durations of short time high-intensity grazing or by 
different growth periods. Bite mass and intake rate 
were estimated by the double-weighing technique 
with correction for insensible losses. Number and 
timing of jaw movements and bites were measured 
with behaviour recorders. Bite mass was the main 
variable determining intake rate. Contrary to 
expectations, bite mass first increased and then 
decreased with increasing sward height, a result 
that seems due to animal choice and not from 
restrictions imposed by the swards. As expected, 
Cynodon sp. swards required more chewing per 
unit DM intake due to their higher DM content 
(39.5 vs. 22.6, P<0.0001. Not only will forage 
characteristics would influence grazing behaviour, 
but also microclimatic conditions in the Tropics 
due to their potential to control the thermal comfort 
zone for the animals under pasture. Having cattle 

exposed constantly to heat stress with low animal 
performance due to the low forage biomass and 
quality in the Brazilian dry season, ICLF systems 
would be an alternative to improve productivity 
indexes, if well-managed. Therefore, the present 
study aimed at evaluating the microclimate, forage 
canopy structure, and grazing behaviour of cattle 
on Brachiaria sp. pastures within continuous 
pasture (CON), integrated crop-livestock (ICL), 
and integrated crop-livestock-forestry (ICLF) 
systems. The corresponding hypotheses are that 
shading from the eucalyptus trees in ICLF would 
ameliorate the thermal conditions for heifers in 
comparison to ICL and CON, which in turn would 
prolong grazing time in ICLF compared to ICL 
and CON. On the other hand, shading reduces 
forage accumulation of tropical forage grasses, 
and thus lower forage accumulation is expected 
in ICLF than ICL and CON. Moreover, to adapt 
to limited radiation incidence as in ICLF, forage 
grasses may develop mechanisms to increase their 
photosynthetic capacity such as a change in their 
canopy structure, which would in turn impact 
grazing behaviour of heifers. For instance, we 
expect that a taller canopy with more leaves in 
ICLF than ICL and CON likely increases bite mass 
of the animals in ICLF.

Materials and methods 
The experimental area was sited at Embrapa Beef 
Cattle, in Campo Grande – Mato Grosso do Sul, 
Brazil (54°37′W, 20°27′S, and 530 m above sea 
level). It is geographically situated at the Cerrado 
biome. Field data collection was carried out in three 
different grazing-based beef production systems 
in the dry season, from May to August 2019. The 
three systems evaluated were characterized as 
follows:

I. Common CON system was a continuous 
monoculture pasture of Brachiaria 
decumbens cv. Basilisk grazed at a constant 
stocking density of 1.7 animal unit/ha (1 
animal unit, AU = 450 kg bodyweight, BW) 
Bos taurus indicus Nellore heifers;

II. An ICL system with a pasture of Brachiaria 
brizantha cv. BRS Piatã grazed at 2.0 AU/
ha stocking density of Bos taurus indicus 
Nellore heifers over three consecutive years 
and rotated with 1 year of soybean (Glycine 
max cv. BRS 255RR) in a no-tillage system 
every four years, and;
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III. An ICLF system with Eucalyptus urograndis 
trees (Eucalyptus grandis x Eucalyptus 
urophylla; H13 clone) planted in single 
rows arranged along a North-South axis at 
distances of 4 m within and 22 m between 
rows (i.e., 113 trees/ha). 

During the experimental period, the average tree 
height was 30 m. The crop component was also 
soybean (Glycine max cv. BRS 255RR) cultivated 
in the no-tillage system every four years in 
rotation, followed by three consecutive years of 
a Brachiaria brizantha cv. BRS Piatã pasture that 
was grazed at a 1.0 AU/ha stocking density of Bos 
taurus indicus Nellore heifers.

The total area covered 13 ha that were divided into 
eleven paddocks with four paddocks for CON (0.8 
ha each), three paddocks for ICL (1.4 ha each), 
and four paddocks for ICLF (1.4 ha each). The 
CON system was implanted in 1993, but since 
its implantation in 1993, CON system had been 
managed extensively without any management, 
which had led to severe degradation of the pasture. 
Therefore, at the end of 2017, the system was 
renewed by soil preparation and applications of 
2000 kg of lime/ha, 800 kg of gypsum/ha, 110 kg/
ha of NPK 0-20-20 as source of phosphorus (P) and 
potassium (K), and 45 kg of nitrogen (N)/ha as urea. 
The ICL and ICLF systems was implanted in 2008, 
and the present study was conducted in the second 
year of the third rotation cycle. Nitrogen fertilizer 
was applied at a rate of 75 kg N/ha in ICL and 
ICLF in March 2019. A total of 36 Nellore heifers 
were randomly allocated into all the paddocks in 
November 2018. Ambient air temperature and 
relative air humidity were hourly measured by 
Tinytag Plus 20 (Gemini Data Loggers, UK Ltd) 
in paddocks of CON and ICLF, over the whole 
experimental period. The Temperature-Humidity-
Index (THI) was calculated according to Yousef 
(1985). Forage mass was sampled every month 
from May to August. For this, metal frames of 
1.0 m x 1.0 m were randomly located in three 
sampling points in CON, and five sampling 
points in ICL and ICLF. Within these frames, 
canopy height was measured with a graduate ruler 
and thereafter above-ground forage mass was 
harvested at the height of 4 cm from the ground 
by a brush cutter. Additionally, exclusion cages 
of the same dimensions were established in CON 
(n=3 per paddock) and in ICL and ICLF (n=5 per 
paddock) to measure the forage accumulation rate 
(FAR) by the paired cage-difference method. The 

forage inside the exclusion cages was harvested 
monthly and the cages were moved to a new 
sampling point. Comparable points outside the 
cages with similar characteristics as that inside the 
cages were harvested at the same time to simulate 
the forage growth on pastures. The difference 
between forage mass inside the cages and outside 
the cages from the previous harvest was calculated 
and divided by the number of days between two 
consecutive sampling to calculate the FAR (kg dry 
matter (DM)/ha and day). All forage samples were 
weighed immediately after harvest, and pooled, 
and a sub-sample of each paddock was taken dried 
in a forced-air oven at 65ºC until constant mass 
for DM analysis. Another sub-sample was taken 
for separation into green leaves, green stems, 
and dead plant material. During three periods 
of 15 days, grazing behaviour was recorded by 
chewing sensors (RumiWatch, Itin&Hoch GmbH, 
Switzerland) in four animals per system for eight 
continuous days (i.e., 3 periods x 4 animals per 
system). While in CON and ICLF, two paddocks 
with two animals each were assessed per period, 
one paddock with four animals per period was 
chosen in ICL. The data were then converted 
by the RumiWatch Converter (V.0.7.3.36) into 
24-hours intervals, summarizing grazing (min/
day) and ruminating time (min/day), numbers of 
grazing bites (bites/day), grazing events (n/day), 
and rumination chews (n/day). Every grazing bout 
is defined as an event with a minimum duration of 
7 min, and the inter-bout interval with a minimum 
threshold of 7 min (Werner et al., 2018). Some 
data were deleted from the data set due to either 
equipment failure or outliers. Hence, total number 
of observations of animal behaviour was 234, after 
some data deleted (i.e., 3 systems x 4 animals x 3 
periods x 8 d). Heifers were individually weighed 
at the beginning and end of the experiment, with 
16 hours of fasting prior weighing. Their mean BW 
across the dry season, from May to August, was 
355 kg (standard deviation 32.6 kg). All animal-
related procedures were approved by the Ethics 
and Animal Use Commission of the Embrapa Beef 
Cattle under protocol nº 002/2018. The forage intake 
(kg dry matter intake (DMI)/animal and day) was 
estimated from the faecal excretion of individual 
animals as determined using the external faecal 
marker titanium dioxide (TiO2), and the apparent 
total tract organic matter (OM) digestibility of the 
consumed diet. The latter was estimated from the 
faecal crude protein concentrations based on the 
curvilinear relationship developed by Lukas et al., 
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(2005; which is based on increasing undigested 
microbial CP and decreasing fecal OM as OM 
digestibility increases, may be used as an indirect 
method for estimating diet OM digestibility from 
fecal CP concentration. Results of digestibility 
trials (445 individual observationsusing ai=a2 
from Gumpenstein location data). The forage 
intake was divided by the number of grazing bites 
(apprehensions) per animal and day in order to 
calculate the bite mass (kg OM/bite). Data were 
analysed by mixed model. All statistical analyses 
were performed by SAS v9.4. For forage data, the 
model included system as fixed effect, whereas for 
grazing behaviour data, period and system were 
included as fixed effects, paddock and animal as 
random effects, and day as repeated measurement. 
Statistical significances were tested at P<0.05 
and Least Squares means (LSmeans) compared 
using the Tukey test. Results are presented as 
LSmeans±standard error.

Results
The average THI observed at 07:00, 09:00, 
11:00, 13:00, 15:00, and 17:00 in CON and ICL 
were 62±10.0, 70±8.9, 74±8.5, 76±5.0, 74±10.9, 
and 70±4.3, respectively, whereas in ICLF the 
corresponding values were 62±8.5, 65±12.6, 
71±8.7, 72±8.5, 71±8.7, and 69±5.0. According 
to Baêta and Souza (2010), THI values up to 70 
are within thermal comfort of Zebu cattle breed in 
tropical conditions, whereas values from 71 to 78 
indicate moderate, and from 79 to 83 severe heat 
stress conditions. From 09:00 to 17:00 of May to 
August, the heifers in CON and ICL were thus 
exposed to moderate heat stress conditions for 343 
hours and severe heat stress conditions for 76 hours. 
Similar times of moderate heat stress conditions 
were found in ICLF (342 hours), but heifers were 
not exposed to severe heat stress conditions. 
Forage accumulation rate (kg DM/ha and day) was 
greater (P=0.040) in CON (55.8±8.59) than ICLF 
(19.3±8.59), and intermediate for ICL (33.0±9.92), 
which did not differ from CON (P=0.250) neither 
from ICLF (P=0.571). Canopy height (cm) 
was taller (P=0.040) in ICL (42±2.9) than CON 
(30±3.3), whereas no differences between ICLF 
(31±2.5) and ICL (P=0.064) and CON (P=0.935). 
There were no differences (P=0.193) between 
the systems for the proportion of green leaves 
(CON 14±3.5, ICL 15±4.0, and ICLF 23±3.5) and 
dead plant material (P=0.130, CON 73±5.1, ICL 
56±5.9, and ICLF 59±5.1). However, differences 
(P=0.008) between the systems were found for 

proportion of green stems. The greatest (P<0.001) 
proportion of green stems was observed in ICL 
(27±2.4). The ICLF (18±2.1) and CON (14±2.1) 
did not differ between each other (P=0.351). 
Heifers in CON (658±14.9 min/day) spent 
longer (P=0.017) time grazing than the ones in 
ICL (600±14.5 min/day). Grazing time in ICLF 
(614±13.7 min/day) did not differ neither from 
CON (P=0.077) nor from ICL (P=0.786). However, 
the number of grazing bites (bites/day) was similar 
(P=0.312) in CON (27,635±1,496.7) and ICL 
(24,560±1,487.6), were both greater (P≤0.044) 
than in ICLF (19,618±1,406.8). Nevertheless, the 
number of grazing events (9±2.0 n/day) did not 
differ (P=0.699) between the systems. Moreover, 
the largest (P=0.01) bite mass (g OM/bite) was 
found in ICLF (0.3±0.06). The ICL (0.2±0.05) 
and CON (0.2±0.08) did not differ between 
each other (P=0.981). There were no differences 
between the systems for ruminating time (min/day, 
P=0.385) and the number of rumination chews (n/
day, P=0.373). Heifers ruminated for 413±18.6 
min/day in CON, 378±20.3 min/day in ICL, and 
409±18.1 min/day in ICLF. The respective number 
of rumination chews (n/day) for CON, ICL, and 
ICLF were 23,333±1,417.0, 20,705±1,519.0, and 
21,055±1,376.9. The longest (P=0.005) time spent 
with other activities was found in ICL (453±17.1).

Discussion [Conclusions/Implications]
The lower FAR in ICLF compared to CON partially 
supports our hypothesis that under shading (our 
findings were 44% of the incident radiation), 
photosynthetic rates of tropical forage grasses 
diminish (Baldissera et al., 2016), although FAR in 
ICLF did not reduce compared to ICL. Moreover, 
several studies have shown that tropical grasses 
may develop tolerance to moderate shading 
through a series of adaptations, including structural, 
morphological, and chemical mechanisms. For 
instance, shading on forage grasses increases their 
canopy height by stem and leaf elongation and 
results in greater leaf proportions, as mechanisms 
to improve light capture by the plant (Baldissera 
et al., 2016). The lowest FAR in ICLF was rather 
restricted by water competition between forage 
and the eucalyptus. In ICLF the canopy height 
as well as green leaf and stem proportions were 
not greater than ICL and CON, likely due to a 
deficit in soil water availability and the grazing 
effect, since pasture structural and morphological 
parameters were taken outside of the cages. In 
this line, Santos et al., (2016), who also did not 
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observe any effect of shading in an ICLF system 
on the canopy height, concluded that during water 
stress conditions, plants cannot compensate for 
the limited radiation by triggering mechanisms 
to increase photosynthetic capacity. Additionally, 
as a result of low forage allowance in ICLF, the 
removal of leaves by the heifers in this system 
would be expected to be more pronounced than in 
ICL and CON. The ICLF was expected to provide 
a lower THI and radiation incidence than ICL 
and CON, and accordingly, no periods of severe 
heat stress were observed in ICLF. Although the 
maximum and minimum air temperature in CON 
and ICL were 31 and 16 °C and in ICLF 29 and 
18 °C, respectively, the dry season in Brazil 
occurs in the coldest months of the year, when 
the weather conditions are more favourable for 
the thermal comfort of the animals in comparison 
to summer. Therefore, similar times of moderate 
heat stress for Nellore heifers were found for all 
the systems, and then, in the dry season, grazing 
behaviour seems to be more influenced by canopy 
structure than by thermal conditions. Heifers spent 
longer time grazing in CON than ICL, and ICLF 
did not differ between the systems. Although the 
proportion of dead plant material did not differ 
statistically between systems, it was particularly 
high in CON, which could explain the longer 
grazing time of animals in this system than in 
ICL and the lower bite mass than in ICLF. Heifers 
in CON may have searched for forage (forage 
biomass in CON 1,901 kg DM/ha vs. 3,853 kg 
DM/ha in ICL) to compensate for a low bite mass 
and/or they more selectively grazed for green 
biomass in this system than in ICLF as the forage 
allowance in CON was even greater than in ICLF. 
Instead, the low bite mass in ICL despite its great 
forage biomass and allowance may be related to 
the greatest stem proportion in ICL. Stems present 
a vertical and horizontal barrier for the animals to 
apprehend leaves, interfering with bite formation 
and negatively affecting bite mass (Benvenutti et 
al., 2009). To avoid consuming stems, animals 
increase their number of manipulative mouth 
movements (Mezzalira et al., 2014). These results 
confirm our hypothesis that ICLF would promote a 
greater bite mass than CON and ICL. Additionally, 
the reduced bite mass in CON and ICL supports 
their greater grazing bites (see methodology, 
apprehension given in bites/day) than ICLF, as 
compensatory strategy of animals to maintain 

forage intake (Mezzalira et al., 2014)function and 
productivity of grazing systems. The present study 
aims at quantifying the mechanisms by which 
intake rate is determined in swards of contrasting 
structure and forage species, and it reveals the 
importance of animal choice in the interaction 
between animal and sward. We hypothesised 
that as sward height and herbage mass increased, 
bite mass and intake rate would increase. The 
relationship between intake rate and bite mass 
should exhibit a higher asymptote for the more 
succulent, less fibrous Avena than for Cynodon 
due to differences in chewing requirements per unit 
dry mass of intake. In four different experiments, 
Cynodon sp. cv. Tifton 85 and Avena strigosa cv. 
Iapar 61 swards of different heights were obtained 
by various durations of short time high-intensity 
grazing or by different growth periods. Bite mass 
and intake rate were estimated by the double-
weighing technique with correction for insensible 
losses. Number and timing of jaw movements and 
bites were measured with behaviour recorders. 
Bite mass was the main variable determining 
intake rate. Contrary to expectations, bite mass 
first increased and then decreased with increasing 
sward height, a result that seems due to animal 
choice and not from restrictions imposed by the 
swards. As expected, Cynodon sp. swards required 
more chewing per unit DM intake due to their 
higher DM content (39.5 vs. 22.6, P<0.0001. The 
fact that animals avoided through their grazing 
behaviour the consumption of dead plant material 
and stems in CON and ICL, respectively, might 
have contributed to the similar time spent for 
ruminating time and other activities to ICLF, 
because cattle require more chewing effort for 
stems (McLeod and Smith, 1989) and potentially 
also for dead plant material than for green leaves. 
The implications in forage availability during the 
Brazilian dry season still befall in ICLF due to 
light and water limitation. However, the low FAR 
in ICLF does not impair the grazing behaviour of 
cattle ensued from changes in the forage canopy. 
Moreover, the fact that the trees’ presence prevents 
severe heat stress cannot be dismissed.
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Forage quality of cereal–common vetch at different age and proportions 
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Abstract
Cereal plant age at harvesting and the proportion of vetch in the harvested forage from cereal-common 
vetch mixtures might influence total forage quality. The objectives were to determine forage of a forage 
mixture cereal-vetch, from cereal harvested at two development stages and vetch at different proportion. 
Cereals were oats and triticale, cultivars: Chihuahua, Bicentenario and Siglo XXI, the last two were 
triticale; cereal development stages at harvest were: 50% flowering and hard grain.  Vetch was harvested 
at two development stages: 100% flowering and pod formation, while vetch proportions in the forage 
mix were: 0, 0.25, 0.5, 0.75 and 1.0. Forage quality measures were: crude protein (CP), neutral detergent 
fiber (NDF), organic matter (OM), ether extract (EE) and dry matter digestibility (DMD). Statistical 
analysis was by linear regression; cereal cultivar was a categorical variable. Models developed showed 
a R2≥0.7871. As vetch proportion increased in the mix so did CP while NDF decreased, CP increased 
from 9.2 to 17.5% and 9.2 to 14.4% and NDF decreased from 71.4 to 57.6% and 79.1 to 58.9%, as vetch 
proportion increased, when cereal was harvested at 50% flowering and grain hard, respectively. OM and 
EE showed small changes over vetch proportion and cereal development stage. DMD showed major 
(p<0.05) changes with cereal development stage at harvesting. It was concluded that forage quality 
of cereal-vetch mix depends on vetch proportion and stage of development of the cereal at the time of 
harvest.

Introduction
Rain-fed small grain cereals-common vetch 
mixture hay is a widespread option for many 
goat and sheep smallholders farmers to feed their 
herds during the dry season. This crop mixture 
has been shown to provide forage of enough 
quality to meet nutritional requirements of mature 
animals. However, cereal maturity at the time of 
harvest and the proportion of vetch in the mixture 
influence on the forage quality profile of the forage 
produced (Carpici and Celik 2014; Alzueta et al., 
2001). The development of a model that provides 
a quantitative profile of forage quality at different 
cereal maturity and proportion of vetch could 
become a useful tool to decide crop management 
of this mixture. Linear regression analysis could 
be a pertinent statistical method to develop such a 
model (Mayers 1990).  Then the objective of the 
study was to determine by a statistical model the 
quantitative influence on forage quality of cereal 
plant maturity and common vetch proportion in 
the mixture cereal-vetch hay.

Materials and methods 
All forage samples came from plots where species 

used were grown as single crops under local 
common rain-fed crop management guidelines. 
Cereals were oats (Avena sativa L.) and triticale 
(xTriticosecale Wittmack), oats cv was Chihuahua 
and two cultivars of triticale: Bicentenario and 
Siglo XXI. A local material of common vetch 
(Vicia sativa L.) was used. Two times of harvest 
were applied to cereals: 50% flowering and hard 
grain. In vetch there were also two times of harvest: 
full flowering and pod formation. Vetch forage 
was mixed with cereal forage at the following 
proportions: 0, 0.25, 0.50, 0.75 and 1.00. Harvest 
was at ground level, and the mixtures were done 
after forage of each species was oven-dried and 
ground to pass a 1 mm screen. Mixtures made were 
analyzed for crude protein (CP), neutral detergent 
fiber (NDF), organic matter (OM), ether extract 
(EE) and dry matter digestibility (DMD). 

Statistical analysis was by linear regression under 
the model ; Y, is the value of the specific forage 
quality measurement; X, is the proportion of vetch 
in the mixture; D, categorical variable of cereal 
entry. Coefficients (β) were tested against a value 
of 0, in all the cases at probability of 0.05. 
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Results
Cereal entry X vetch proportion interaction 
was significant (p<0.05) on all forage quality 
measurements. Then, models for each cereal entry 
were developed (Tables 1 to 3) major differences 
(p<0.05) were found when mixtures had no vetch 
added and also there were differences (p<0.05) in the 
rate of change in the forage quality measurements 

as vetch proportion in the mixture increased. Most 
of the regression models were significant (p<0.05) 
and explained more of 70% of the total variability 
of each forage quality measurement (p<0.05). The 
crude protein (CP) increased at different rate, but 
organic matter (OM), neutral fiber detergent (NDF) 
and extract ether (EE) decreased at different rates 
with increasing common vetch from 0 to 100 g.

Table 1. Regression coefficients of linear models from common vetch in mixture from a proportion of 
0 to 1 with three cereals entries harvested at 50% flowering and the common vetch at full flowering 
Cereal entry a b R2

Organic matter (%)
Oat Chihuahua 82.48 ± 1.06b***  -0.0462 ± 0.0173aNS 0.7043
Triticale Bicentenario 83.96 ± 1.12ab*** -0.0608 ± 0.018ª* 0.7871
Triticale Siglo XXI 85.07 ± 0.83ª*** -0.0603 ± 0.012ª* 0.9224

Crude protein (%)
Oat Chihuahua  9.53 ± 0.38c*** 0.099 ± 0.006aNS 0.7043
Triticale Bicentenario 10.60 ± 0.29b*** 0.086 ± 0.004b* 0.9923
Triticale Siglo XXI 12.67 ± 1.62ª** 0.064 ± 0.026cNS 0.6597

Neutral detergent fiber (%)
Oat Chihuahua 71.64 ± 1.09b** -0.189 ± 0.016a**       0.856
Triticale Bicentenario 68.58 ± 2.57b*** -0.167 ± 0.042bNS 0.6597
Triticale Siglo XXI 77.05 ± 3.59ª** -0.225 ± 0.055a* 0.8301

Ether extract (%)
Oat Chihuahua 1.96 ± 0.28ª** -0.002 ± 0.004aNS 0.0462
Triticale Bicentenario 1.30 ± 0.20b* -0.005 ± 0.003aNS 0.5600
Triticale Siglo XXI 1.99 ± 0.30ª*      0.0001± 0.0048bNS 0.0001
a = Forage quality measurement at 0 proportion of common vetch; b = Rate of change of forage qual-
ity measurement as vetch proportion increased. R2 = Variability explained by the model, *p<0.05, ** 
p<0.05, ***p<0.001, NS = no significant (p>0.05).

Table 2: Regression coefficients of linear models from common vetch in mixture from a proportion 
of 0 to 1 with three cereals entries harvested at hard grain hard and common vetch at pod formation
Cereal mixed with vetch a b R2

Organic matter (%)
Oat Chihuahua 85.65 ± 1.01a** -0.031 ± 0.020aNS 0.01563
Triticale Bicentenario 80.94 ± 1.86b** 0.0038 ± 0.030cNS 0.9636
Triticale Siglo XXI 80.31 ± 3.54b*** -0.0097 ± 0.058bNS 0.0093

Crude protein  (%)
Oat Chihuahua 8.77 ± 0.37a*** 0.072 ± 0.006b* 0.9786
Triticale Bicentenario 7.36 ± 0.64b** 0.093 ± 0.010a* 0.9636
Triticale Siglo XXI 6.95 ± 0.87b** 0.085 ± 0.014a* 0.9227

Neutral detergent fiber (%)
Oat Chihuahua 65.65 ± 1.59b*** -0.110 ± 0.026b* 0.8576
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Triticale Bicentenario
79.65 ± 1.58a*** -0.242 ± 0.026a* 0.9672

Triticale Siglo XXI 77.05 ± 3.59a*** 0.225 ± 0.059a* 0.8301
Ether extract (%)

Oat Chihuahua 3.04 ± 0.14a*** -0.0095 ± 0.0022a* 0.8587
Triticale Bicentenario 1.31 ± 0.19b* 0.0062 ± 0.0032bNS 0.5527
Triticale Siglo XXI 1.22 ± 0.08b** 0.0083 ± 0.0013ab* 0.9260
a = Forage quality measurement at 0 proportion of common vetch; b = Rate of change of forage qual-
ity measurement as vetch proportion increased. R2 = Variability explained by the model, * p<0.05, ** 
p<0.05, ***p<0.001, NS = no significant (p>0.05).

Models for dry matter digestibility were different (p<0.05) in the coefficient a, DMD of mixture when 
vetch proportion in the mixture was 0, and the trend was to a lower DMD when cereal was harvested at 
hard grain (Table 3). Rate of change as vetch proportion in mixture changed (coefficient b) only in one 
model was different (p<0.05) to 0 (Table 3). 

Table 3. Regression coefficients for dry matter digestibility models three cereal entries harvested at 
two stages and vetch proportion increments  from 0 to 1.
Cereal entry Cereal stage a b R2

Oat Chihuahua 50% flowering 67.64 ± 1.17a*** -0.023 ± 0.019cNS 0.3335
Oat Chihuahua Hard grain 52.29 ± 2.64b*** 0.054 ± 0.043bNS 0.3413
Triticale Bicentenario 50% flowering 55.27 ± 4.52a* 0.088 ± 0.067aNS 0.4651
Triticale Bicentenario Hard grain 60.62 ± 4.32a* -0.028 ± 0.064)bNS 0.0896
Triticale Siglo XXI 50% flowering 51.51 ± 2.00b*** 0.121 ± 0.033a* 0.8205
Triticale Siglo XXI Hard grain 64.58 ± 3.92a** -0.056 ± 0.064bNS 0.4460
a = Dry matter digestibility at 0 proportion of vetch; b = Rate of change of dry matter digestibility as 
vetch proportion increased. R2 = Variability explained by the model, * p<0.05, ** p<0.05, ***p<0.001, 
NS = no significant (p>0.05).

Discussion 
In all cereal entries the increase in the proportion 
of vetch in the mixture originated a higher crude 
protein and lower NDF, this trend agrees with the 
findings of Carpici and Celik (2014) and Alzueta 
et al., (2001). However, proportion of vetch in 
the mixture showed no influence on dry matter 
digestibility. Inclusion of vetch to cereal hay is a 
way to improve forage quality of such hay, then 

growing both forage crops as a mixed crop could 
benefit sheep and goat farmers as a better quality 
hay could be provided to their herds
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Abstract
Forage oat (Avena sativa L.) for livestock in Qinghai-Tibet Plateau may be used as biomass under 
widely different altitude conditions. To assess the effect of altitude on the biomass of oats, we conducted 
an experiment to explore the adaptability of forage oat Jiayan No. 2 in different altitudes for better 
agronomic traits and higher forage yield. Four regions included Hezheng county (2207 m a.s.l) and 
Tianzhu county (2407 m a.s.l), Gansu province, Haiyan county (3042 m a.s.l), Qinghai province and 
Hongyuan county (3460 m a.s.l), Sichuan province were selected, and agronomic data as well as dry 
matter yield were determined. The results showed that the phenology of heading stage was between 75-
80 days after sowing in four regions. The growing degree-days (GDDs) at the heading stage decreased 
with the increasing of altitude. There was significant difference among Hezheng, Tianzhu, Haiyan and 
Hongyuan. The plant height of forage oat was 116.67 ± 2.18, 119.47 ± 1.92, 101.52 ± 3.51, and 59.04 ± 
6.86 cm, respectively. The leaves area index (LAI) of oats was 3.60 ± 0.61, 4.78 ± 0.91, 6.41 ± 0.96 and 
1.08 ± 0.24, respectively. The forage yield was 11.96 ± 2.98, 11.35 ± 1.58, 11.99 ± 0.84 and 2.17 ± 0.36 
t·ha-1. The absolute growth rate (AGR) of biomass was 27.15 ± 6.96, 24.84 ± 3.61, 35.63 ± 3.10 and 4.94 
± 0.95 g·m-2·d-1, respectively. From the perspective of forage yield and plant height, planting forage oat 
below 3500 m a.s.l is a preferable way to stabilize forage production in Qinghai-Tibet Plateau.

Introduction
Livestock production is the main industry in 
Qinghai-Tibet Plateau. However, low yield and 
the low quality of forages particularly limit local 
livestock production. Oat (Avena sativa L.) is a 
widely used cool-season annual forage in China 
and globally(Favre et al., 2019). Oat forage can 
be used for hay, pasture, or silage. Therefore, it is 
beneficial to cultivate forage oat in Qinghai-Tibet 
Plateau for livestock during the winter. 

However, the forage production is restricted by the 
high altitude. As the altitude rises, the temperature 
gradually decreases. Temperature and altitude 
are important factors affecting crop production 
in this area. Previous studies mainly focused on 
the effect of sowing date or fertilizer of forage oat 
production (Luo et al., 2017). Few studies reported 
the effect of different altitudes of Qinghai-Tibetan 
Plateau. In this research we quantified absolute 
growth rate (AGR) that account for forage oat dry 
matter accumulation per day in order to compare 
different regions at different altitudes and altitude. 
This concided with the time when forage oat 
production is optimized in the different cultivated 

regions. We are unaware of other studies that have 
applied similar approaches to calculate integrated 
yield and altitude for forages in Qinghai-Tibetan 
Plateau.

Therefore, the objective of this study is to determine 
the effect of growing degree-days (GDDs) in 
different altitudes on the forage oat production 
by analysing the forage oat plant height, biomass, 
LAI, and absolute growth rate (Amanullah et al., 
2017). 

Materials and methods 
Field experiments were carried out during mid-
May to late-September in 2019 at Hezheng (35.39 
°N, 103.29 °E) and Tianzhu (37.16 °N, 102.85 °E) 
counties, both in Gansu Province, Haiyan county 
(36.98°N, 100.88°E) in Qinghai province as well 
as Hongyuan county (32.78°N, 102.53°E) in 
Sichuan province. The mean annual precipitation 
of the four regions were 592.8, 416.0, 369.1, and 
738.0 mm, respectively. The mean annual air 
temperature of the four regions were 5.8, -0.1, 0.5, 
and 1.1 °C, respectively. The four altitude were 
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2206.9, 2769.0, 3042.0, and 3460.0 m (a.s.l). 

The seeds of the forage oat variety (Jiayan No. 
2) were obtained from the grassland research 
institute of Qinghai animal husbandry and 
veterinary academy. The forage oat was planted at 
seeding rate of 90 kg ha-1 and inter-row distance 
of 20 cm. Sowing date were 24, 20, 13, and 26th 
May at Hezheng, Tianzhu, Haibei, and Hongyuan, 
respectively. All plots were kept free of weeds by 
hand hoeing.

The experimental design was randomized 
complete block design with four locations and four 
replications in each location. These resulted in 16 
plots and each plot had a land area covering 18 m2 
(3 × 6 m). After the forage oat sprout at a distance 
of 5 rows from the edge of each plot, 10 plants 
were randomly selected and identified. Plant height 
was measured in cm from soil surface to tip of the 
panicle. The leaf area index (LAI) of each plot 
was measured using a model LP-80 plant canopy 
analyser (ACCUPAR LP-80, METER Group, Inc. 
USA). Forage oat was mowed when 50 percent of 
the plant was at heading stage and the biomass was 
sampled from 1 m-length randomly at a distance 
of 5 rows from the edge of each plot. Sampled 
plants were placed in an oven for half an hour 
at 105 °C to kill the fresh tissues and then dried 
at 65 °C to a constant weight to determine the 

biomass yield. The absolute growth rate (AGR) 
was calculated as the net accumulation of biomass 
per unit area per time: AGR = (DM2-DM1) (g m-2) 
/ (t2-t1) (d) where DM2, DM1 represents dry matter 
in heading stage and seeding stage.  t2-t1 is the time 
(day) the forage oat attained the next stage. The 
temperature data was obtained online from the 
China Meteorological Data Service Centre ( http://
data.cma.cn) and it was used for the determination 
of growing degree days (GDDs).

Analysis of variance (ANOVA) was used to 
analysed the data using SPSS 25.0. Differences 
between the means of plant height, biomass, LAI 
and AGR were compared using Fisher’s Least 
Significant Difference test at 5% probability level 
(P < 0.05).

Results
The growth period for heading stage at the four 
regions was shown in Table 1. Forage oat from 
sowing to heading stage spent 75, 80, 79, 79 
d in Hezheng, Tianzhu, Haiyan, Hongyuan, 
respectively. The local growing degree-days 
(GDD) of heading stage was 1164.6, 1097.7, 882.8, 
819.5 °C, for the different locations accordingly. 
With the rising altitude, the GDD tend to decrease 
gradually. However, the forage oat almost used the 
same period to reached heading stage.

Location Sowing date 
(Day Month)

Seedling stage (Day 
Month)

Heading stage 
(Day Month)

Growth 
period 

for head-
ing stage 

(d)

Local GDDs 
of heading 
stage (°C)

Hezheng 24 May 25 Jun 7 Aug 75 1164.6
Tianzhu 20 May 24 Jun 6 Aug 80 1097.7
Haiyan 13 May 30 Jun 30 Jul 79 882.8
Hon-
gyuan 26 May 5 Jun 13 Aug 79 819.5

Table 1: The phenological period of forage oat among different regions in 2019

http://data.cma.cn
http://data.cma.cn
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Figure 1: Plant height, LAI (leaf area index), AGR (absolute growth rate), and dry matter yield at heading 
stage in the growing season of 2019. Values presented are means with standard error bar. Different letters 
indicate significant differences between treatments (P < 0.05)

Figure 1 shows the mean plant height of forage oat 
when the forage was mowed at heading stage. The 
highest mean plant height was found in Tianzhu 
county with values of 119.47±1.92 cm, which is 
more than that of Hezheng county, Haiyan county, 
Hongyuan county by 2.41% 17.68% and 102.35%, 
respectively. Leaf aera index (LAI) was presented 
on Figure 1. The mean values of LAI were 3.40 
4.78 6.41 and 1.08 for Hezheng, Tianzhu, Haiyan, 
Hongyuan, respectively. Haiyan county has the 
greatest (P<0.05) LAI of the forage than the other 
regions. The AGR of the forage oat at Hezheng 
county, Tianzhu county and Haiyan county were 
statistically similar, but greater (P<0.05) than that 
of Hongyuan county. The dry matter yield of the 
forage oat at the four different regions were 11.95 
11.35 11.99 and 2.17 t ha-1, respectively. There is 
no significant difference between Hezheng county, 
Tianzhu county and Haiyan county. Meanwhile, 
the forage dry matter yield at Hongyuan county 
was less (P<0.05) compared to the other regions. 

Forage oat showed greater dry matter at Hezheng 
county, Tianzhu county and Haiyan county than 
Hongyuan county, we conclude that forage oat 
Jiayan No.2 performed better at these three regions.

Conclusions
This study we used absolute growth rate that 
account for forage oat dry matter accumulation per 
day and compared various regions with different 
altitude in the Qinghai-Tibetan Plateau. We found 
that there are significant prospects to planting 
forage oat Jiayan No.2 below the altitude of 3500 
m a.s.l to enhance livestock production in the 
Qinghai-Tibetan Plateau. The result showed that 
forage oat variety Jiayan No.2 had the highest dry 
matter yield in Haiyan county region.
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Abstract
Lablab (Lablab purpureus L.) is an important annual multi-purpose legume used as a vegetable for 
human consumption, as forage for livestock, and as green manure and a cover crop to improve soil 
fertility. It has a high feed value with good digestibility and high crude protein content. The International 
Livestock Research Institute (ILRI) forage genebank holds a diverse set of 340 lablab accessions 
collected from different regions of the world. A total of 1,843 plants from 142 lablab accessions (1 to 29 
plants per accession genotyped individually) were genotyped by the genotyping-by-sequencing (GBS) 
method of the DArTseq platform. The genotyping produced a total of 38,824 and 64,793 genome-wide 
single nucleotide polymorphism (SNP) and SilicoDArT high-density markers, respectively. The short 
sequence reads corresponding to the markers were mapped on the mungbean (Vigna radiata) reference 
genome, with approximately 37% of the SNPs and 26 % of the SilicoDArTs able to be mapped. A subset 
of 1,000 robust markers was filtered by different criteria and used for the diversity analysis. Clustering 
analysis using the discriminant analysis of principal components (DAPC) detected five major groups, 
each with further subgroups. Analysis of molecular variance (AMOVA) showed a highly significant 
(P < 0.00001) variation, explaining more than 73 % of the variance among the accessions. A significant 
variation (P < 0.005) was also observed among plants within accessions, which explained about 27 % 
of the variation. The results of this study provide a useful guide for the management and rationalization 
of activities of the lablab germplasm collection at the ILRI genebank. The substantial genetic diversity 
observed in the collection reveals the potential of the population for further genetic studies.

Introduction
Lablab purpureus is an important annual 
multi-purpose legume used as food for human 
consumption (Duke et al., 1981; Smartt 1985), as 
forage in commercial and smallholder agriculture 
(Pengelly and Maass 2001), and as a green 
manure and cover crop to improve soil fertility 
(Nyawade et a.l, 2019).  It has a high feed value 
with good digestibility and high content of crude 
protein (https://feedsdatabase.ilri.org/). Lablab 
is one of the tropical forage legumes that are 
highly demanded for research and agricultural 
production in Africa and other regions in the 
world. In the years leading to 2017, over 2,300 
samples of Lablab purpureus were distributed 
by the ILRI genebank to germplasm requesters 
both internationally and nationally, showing the 
high demand for this species. The ILRI Genebank 
holds around 340 accessions of this species, but 
very little information is available on the genetic 
diversity among and within the accessions. 

Previously, about 100 accessions of the collection 
were characterized using morphological and 
Amplified fragment length polymorphism (AFLP) 
markers, which revealed a significant amount 
of genetic diversity within the collection and 
enabled the development of a core collection 
and the identification of best bet accessions for 
dryland and sub-humid environments (Pengelly 
and Maass 2001). Those marker types, however, 
have limitations associated with reproducibility 
and distribution across the genome. In addition, 
the analyses were based only on variability 
among accessions. This study aimed to assess 
genetic diversity within and among Lablab 
purpureus accessions held at the ILRI genebank 
using genome-wide DArTseq markers.

Materials and methods
Seedlings were raised from seeds of 142 Lablab 
purpureus accessions and genomic DNA was 
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extracted from leaves of 15 days old seedlings 
using a DNeasy® Plant Mini Kit (Qiagen Inc., 
Valencia, CA). The DNA samples were genotyped 
by the DArTseq genotyping platform at Diversity 
Arrays Technology, Canberra, Australia. All data 
analysis was done in in R statistical software 
(https://www.r-project.org/).

Results and  discussion
A total of 1,843 plants from 142 accessions, 
with 1 to 29 plants per accession, were used to 
analyse genetic diversity among and within the 
accessions. For the within accession analysis, 102 
accessions of 10 and more plants per accession, 
were used. Genotyping by the DArTseq platform 
generated a total of 38,824 and 64,793 genome 
wide SNP and SilicoDArT markers respectively. 
The short sequence reads corresponding to 

the markers were mapped onto the mungbean 
(Vigna radiata) reference genome (Kang et al., 
2014), with approximately 37% of the SNPs 
and 26 % of the SilicoDArTs mapped across 
the eleven chromosomes (Figure 1�In both 
SNP and SilicoDArT markers, the polymorphic 
information content (PIC) and heterozygosity 
(He) values ranged from 0 to 0.38 and 0 to 0.50 
with an average value of 0.05, respectively. The 
number of SNP markers with PIC and He values 
above 0.2 were only 2,685 (7%) and 2,805 
(7%), respectively. Similarly, for the SilicoDArT 
markers, only 4,771 (7%) and 4,884 (8%) markers 
had PIC and He values above 0.2, respectively. 
This low level of polymorphism in the marker sets 
might be attributed to the low sequence diversity 
of the species.

B

Figure 1:  Genome-wide distribution of SilicoDArT (A) and SNP (B) markers across the eleven 
chromosomes of the mungbean (Vigna radiata) reference genome. The markers that were not mapped 
are shown as “unmapped”, and those markers that were mapped onto different scaffolds as “scaffolds”.

To analyze the genetic diversity, 1,000 robust 
SNP markers were selected based on the marker’s 
minor allele frequency (MAF ≥ 5 %), missing 
values (less than 10 %), independence from each 
other (Linkage disequilibrium-LD ≤ 0.5), and their 
distribution across the genome. The PIC and He 
values of the markers ranged from 0.13 to 0.37 
and 0.14 to 0.50 with an average value of 0.30 and 
0.38, respectively. The MAF of the markers was 
above 5 %, while the missing values were less than 
10 %.

Clustering analysis using discriminant analysis of 
principal components (DAPC) detected five major 
groups (Figure 2). Group 1 contains 18 accessions, 
including accession #147, the cultivar Highworth 
(https://doi.org/10.18730/FT38T) that was used for 
genome sequencing (Chang et al., 2018). Groups 
2, 4, and 5 were the largest containing 52, 54, and 
55 accessions, respectively (Table 1). In Group 1, 

all progeny plants from accessions Acc_14468.4, 
Acc_16603.4, Acc_147.23, Acc_14414.6, and 
Acc_14487.2 clustered within the group, while 
plants from the other 10 accessions in the group 
also clustered with plants in other groups. This 
may suggest the presence of admixtures in those 
10 accessions, and they may require further 
checking for genetic purity. Similar trends were 
also observed in the other four groups. Analysis 
of molecular variance (AMOVA) showed the 
presence of significant genetic variance among 
accessions as well as among plants within an 
accession. However, the genetic variation among 
accessions was greater (73%) than the within 
(27%) (Table 2), which is expected as lablab 
is predominantly a self-pollinating species. 
The genetic variation within accessions may 
be as a result of segregation occurring in those 
accessions, or that the accessions have been 

https://doi.org/10.18730/FT38T
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mixed up with seeds from other accessions. The 
generated information provides an improved 
understanding of the genetic diversity held in the 
collection and is useful in guiding the management 

and rationalization of activities of the lablab 
germplasm collection at the ILRI genebank. The 
information also help to enhance the conservation 
and utilization of the genetic resources particularly 
by the plant breeding community.

Figure 2: A DAPC plot showing the five major groups in the collections and plants within accessions. 

Table 1: Lablab accessions and plants within accessions in each of the five major groups detected by 
DAPC

Group 1

No. of 

prog-
eny Group 2

No. of 

prog-
eny Group 3

No. of 

prog-
eny Group 4

No. of 

prog-
eny Group 5

No. of 

prog-
eny

Acc_14468.4 14 Acc_14438.2 13 Acc_13701.3 8 Acc_10953.6 2 Acc_10953.6 1

Acc_14415.3 7 Acc_14465.3 18 Acc_14410.2 2 Acc_10979.10 1 Acc_11641.5 4

Acc_16603.4 15 Acc_14454.3 16 Acc_14413.3 16 Acc_11631.3 6 Acc_11642.4 13

Acc_14486.2 13 Acc_14445.3 14 Acc_14417.2 6 Acc_11640.11 20 Acc_14410.2 14

Acc_14436.8 8 Acc_14451.3 18 Acc_14424.3 16 Acc_13685.11 14 Acc_14417.2 7

Acc_14453.3 1 Acc_14452.3 14 Acc_14427.3 4 Acc_13689.6 14 Acc_14419.3 2

Acc_14419.3 1 Acc_14466.4 4 Acc_14428.2 11 Acc_13693.11 17 Acc_14420.2 12

Acc_147.23 25 Acc_18632.4 16 Acc_14434.2 6 Acc_13697.4 2 Acc_14425.2 1

Acc_14414.6 18 Acc_14459.3 16 Acc_14435.3 15 Acc_14415.3 12 Acc_14427.3 12

Acc_14466.4 16 Acc_14449.3 20 Acc_14445.3 1 Acc_14428.2 3 Acc_14428.2 2

Acc_14487.2 9 Acc_14430.2 16 Acc_14448.3 7 Acc_14436.8 3 Acc_14434.2 14

Acc_21085.3 1 Acc_14490.2 29 Acc_14457.3 15 Acc_14479.2 2 Acc_14452.3 2

Acc_18627.5 4 Acc_14481.4 15 Acc_14463.2 16 Acc_14480.3 12 Acc_14456.3 1

Acc_18636.3 1 Acc_14426.2 16 Acc_14470.3 1 Acc_14493.2 4 Acc_14457.3 1

Acc_14489.2 1 Acc_14441.2 15 Acc_14471.6 13 Acc_14896.15 8 Acc_14466.4 1

Acc_14461.2 4 Acc_14901.4 4 Acc_14474.6 20 Acc_14898.6 10 Acc_14470.3 1

Acc_7379.6 13 Acc_21042.4 1 Acc_14476.4 15 Acc_14901.4 12 Acc_14471.6 3
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Group 1

No. of 

prog-
eny Group 2

No. of 

prog-
eny Group 3

No. of 

prog-
eny Group 4

No. of 

prog-
eny Group 5

No. of 

prog-
eny

Acc_14452.3 1 Acc_14470.3 14 Acc_14483.3 1 Acc_14902.4 13 Acc_14475.7 11

Acc_14439.3 4 Acc_14493.2 4 Acc_14904.4 1 Acc_14477.8 16

Acc_18637.5 2 Acc_15436.7 13 Acc_14905.4 1 Acc_14478.5 14

Acc_21059.3 1 Acc_18593.7 10 Acc_14906.4 12 Acc_14483.3 4

Acc_14422.4 16 Acc_18605.5 11 Acc_14914.3 1 Acc_14493.2 6

Acc_14485.2 17 Acc_18618.3 5 Acc_11613.4 2 1

Acc_14418.2 21 Acc_6529.25 1 Acc_11614.6 21 Acc_14898.6 5

Acc_14448.3 13 Acc_11619.3 5 Acc_14904.4 5

Acc_14453.3 15 Acc_11629.4 15 Acc_14905.4 1

Acc_14469.2 3 Acc_11630.3 2 Acc_14906.4 6

Acc_14482.2 14 Acc_18592.6 6 Acc_14907.4 16

Acc_6528.2 17 Acc_18593.7 5 Acc_14914.3 11

Acc_14419.3 14 Acc_18595.3 11 Acc_11612.4 3

Acc_14436.8 2 Acc_18596.3 2 Acc_11617.5 15

Acc_14458.2 14 Acc_18597.5 14 Acc_11620.2 11

Acc_14479.2 10 Acc_18600.12 15 Acc_11630.3 1

Acc_14489.2 12 Acc_18601.5 18 Acc_18592.6 1

Acc_6536.10 15 Acc_18607.7 1 Acc_18593.7 4

Acc_6529.25 15 Acc_18611.8 14 Acc_18596.3 2

Acc_7278.4 1 Acc_18617.10 13 Acc_18599.5 7

Acc_1629.4 1 Acc_18619.6 5 Acc_18604.5 18

Acc_1630.3 12 Acc_18622.12 14 Acc_18607.7 3

Acc_14425.2 19 Acc_18623.7 17 Acc_18609.4 13

Acc_14431.2 17 Acc_18625.6 7 Acc_18611.8 1

Acc_14433.8 1 Acc_18628.13 8 Acc_18636.3 6

Acc_14488.2 11 Acc_18635.8 15 Acc_21055.3 1

Acc_14902.4 1 Acc_18636.3 4 Acc_21059.3 17

Acc_14492.4 15 Acc_21042.4 2 Acc_21062.4 15

Acc_14486.2 2 Acc_21055.3 15 Acc_21065.3 10

Acc_6930.10 2 Acc_21056.4 4 Acc_21071.5 10

Acc_14483.3 1 Acc_21060.4 6 Acc_21072.3 11

Acc_7403.3 1 Acc_21066.5 2 Acc_21082.4 2

Acc_14904.4 1 Acc_21081.3 8 Acc_21085.3 6

Acc_15436.7 1 Acc_21082.4 15 Acc_24777.3 14

1 Acc_6533.15 16 Acc_6529.25 1

Acc_6535.5 1 Acc_6533.15 1

Acc_6930.10 1 Acc_6930.10 4

Acc_7379.6 1
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Table 2: AMOVA showing the genetic variance among and within accessions

Source of

variation

Degrees of

freedom (df)

Sum of

squares

Mean sum

of squares

Percentage of

variation P-value
Among accessions 102 457447.419 4484.779 73% 0.00001
Within accession 3121 161112.801 51.622 27% 0.005
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Abstract
Although many suggest that future diets should include more plant-based proteins, animal-sourced foods 
are unlikely to completely disappear from our diet. Grasslands yield a notable part of the world’s animal 
protein production, but thus far, there is no global insight into the relationship between current livestock 
stocking densities and the availability of grassland forage resources. This inhibits acting upon concerns 
over the negative effects of overgrazing in some areas and utilising the potential for increasing production 
in others. Previous research has examined the potential of sustainable grazing but lacks generic and 
observation-based methods needed to fully understand the opportunities and threats of grazing. Here 
we provide a novel framework and method to estimate global livestock carrying capacity and relative 
stocking density, i.e. the reported livestock distribution relative to the estimated carrying capacity. We 
first estimate the aboveground biomass that is available for grazers on grasslands and savannas based 
on the MODIS Net Primary Production (NPP) approach on a global scale. This information is then 
used to calculate reasonable livestock carrying capacities, using slopes, forest cover and animal forage 
requirements as restrictions. With this approach, we found that stocking rates exceed the forage provided 
by grasslands in northwestern Europe, midwestern United States, southern China and the African Sahel.  
In this study, we provide the highest resolution global datasets to date. Our results have implications for 
prospective global food system modelling as well as national agricultural and environmental policies. 
These maps and findings can assist with conservation efforts to reduce land degradation associated with 
overgrazing and help identify undergrazed areas for targeted sustainable intensification efforts. 

Introduction
The scientific literature expresses diverse opinions 
on the sustainability of livestock production on the 
grasslands of the world. Certain studies suggest 
that some of the livestock production relying on 
natural grasslands is sustainable from the point 
of view of natural resources and the environment 
(e.g. Holechek et al., 2010; Kemp and Michalk 
2007) and that significant areas of grassland are 
understocked and thus have potential to increase 
the production of livestock and animal proteins 

in these areas (Fetzel et al., 2017; Monteiro et 
al., 2020; Rolinski et al., 2018). However, other 
studies state that a notable fraction of the world’s 
grasslands host livestock populations that exceed 
the carrying capacity with negative effects on the 
environment (Alkemade et al., 2013; Reid et al., 
2009). These contrasting views do not necessarily 
contradict each other. Instead, they reflect a 
situation where some grasslands are overstocked, 
whilst in other situations, livestock utilizes 
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grasslands according to or below their carrying 
capacity.

Depending on the definition, methods and 
assumptions, grasslands comprise 20–47% of the 
world’s land area (Godde et al., 2018) and 80% 
of agriculturally productive land (Gibson and 
Newman 2019). Furthermore, they support the 
livelihood of around 800 million people (Suttie et 
al., 2005; Kemp et al., 2013). Grazing systems are 
diverse, ranging from nomadic pastoral activities 
in sub-Saharan native savannas to sedentary 
Dutch dairy farming on fertilized sown pastures 
(Godde et al., 2018). In some regions, vegetation 
adapted to extreme conditions and the species-rich 
population of the grasslands provide a buffer for the 
disadvantageous effects of climate change (Craine 
et al., 2013; Dengler et al., 2014; Tamburino 
et al., 2020). In fact, constitutive components 
of biodiversity such as pollinators are greatly 
dependent on these regions. However, moving 
away from traditional agricultural practices—such 
as extensive grazing and land use—jeopardizes 
grassland areas and their species (Estel et al., 
2018; Gibson and Newman, 2019; Gossner et al., 
2016). 

Heavy stocking densities cause land degradation 
and desertification, which lead to land erosion, 
whereas properly managed moderate grazing can 
benefit the environment by providing ecosystem 
services, regulating the terrestrial carbon cycle 
and increasing the ecological resilience against 
natural disasters (Gibson and Newman 2019; Lv 
et al., 2020). The importance of light or moderate 
grazing and especially rotational grazing has been 
extensively emphasized in the literature (Gibson 
and Newman 2019; Holechek et al., 2010; Loeser 
et al., 2007). Nevertheless, the exact locations 
where grazing should or should not occur are 
yet to be designated. Part of the animal protein 
produced in grasslands is difficult and unnecessary 
to replace as not all the grasslands are suitable for 
food production other than grazing (Van Zanten et 
al., 2018).

*** for the rest of the introduction, see the preprint 
here:

h t t p s : / / w w w. e s s o a r . o r g / d o i / 1 0 . 1 0 0 2 /
essoar.10505875.1

Materials and methods
We used remote sensing estimates of MODIS 
(Moderate Resolution Imaging Spectroradiometer) 

data products to estimate the carrying capacity 
(CC).  We first extracted MODIS Land Cover Type 
product (Sulla-Menashe and Friedl, 2018; Table 
1) and chose classes with significant grass cover, 
i.e. Woody savannas, Savannas and Grasslands 
according to the IGBP International Geosphere–
Biosphere Programme) classification system. 
This grassland area comprises around 46% of 
the world’s land area (excluding Antarctica). As 
land cover types might vary between years, we 
calculated the mode value (the land cover class 
that occurs most often) during 2010–2018 for 
defining the most common land cover type. 

We followed the approach described by De Leeuw 
et al., (2019) to calculate aboveground biomass 
(AB) based on the 500 m resolution MODIS Net 
Primary Productivity (NPP) product (Running 
and Zhao, 2019; Table 1). First, we calculated the 
mean NPP during 2001–2019 and used a carbon 
conversion factor of 0.47 (Eggleston et al., 2006) 
to convert the original NPP values expressed 
as kg C m-2 yr-1 to biomass. Since plants store 
part of their NPP in above ground biomass, we 
used the following formula (Eq. 1) developed 
for the grasslands (Hui and Jackson 2006) to 
derive the fraction of the NPP (fANPP) allocated 
aboveground biomass: 

 (Hui and Jackson, 2006) 

where MAT is the Mean Annual Temperature in ℃. 
MAT for 1970–2000 was derived from WorldClim 
version 2 (Fick and Hijmans, 2017) and resampled 
to 500 m resolution. 

Trees in savannas and woody savannas compete 
with grass and reduce its productivity. We 
reviewed the literature related to the effect of the 
tree canopy cover on the ground cover and the NPP 
of sub-canopy vegetation (De Leeuw and Tothill 
1990; Le Brocque et al., 2008; Lloyd et al., 2008; 
White et al., 2000). These studies revealed that an 
increase in the tree canopy cover results in a non-
linear reduction in the sub-canopy cover, which 
reaches zero at tree canopy covers above 40–50%. 
Based on this, we developed the following transfer 
function to translate the tree canopy cover into the 
fraction of NPP that is allocated to the sub-canopy.

 (1)  fANPP =0.171+0.0129 MAT  (Hui and 
Jackson, 2006)

where TreeCoverMultiplier refers to sub-canopy 
biomass and x refers to the percentage of the pixel 
area covered by the tree canopy. Here we used 

https://www.essoar.org/doi/10.1002/essoar.10505875.1
https://www.essoar.org/doi/10.1002/essoar.10505875.1
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forest coverage data provided by Global Forest 
Change (Hansen et al., 2013; Table 1). Based 
on the function, we utilized the five tree canopy 
classes when reclassifying the original values 
and deriving the aboveground biomass of the 
understory (Figure 1). After the reclassification, 
the data was resampled to the resolution of the 
MODIS products. Thus, the final modified forest 
coverage data expresses the feed efficiency number 
for each forest pixel. The spatial extent of the 
forest coverage data (180°W, 180°E, 60°S, 80°N) 
also determined the spatial extent of the study.

We further reduced this aboveground biomass by a 
slope steepness factor (see De Leeuw et al., 2019) 
to account for the risk erosion and avoid land 
degradation (Holechek et al., 2010). 

*** for the rest of the materials and methods, see 
the preprint here:

h t t p s : / / w w w. e s s o a r . o r g / d o i / 1 0 . 1 0 0 2 /
essoar.10505875.1

Results and interpretation
Aboveground biomass and carrying capacity

The yields of the aboveground biomass are largest 
in low latitudes where there is also large spatial 
variation depending on the climatic zone. Near 
deserts, the AB may fall below 10 g m-2, whereas 
the most productive grasslands in the subtropics 
and tropics produce biomass over 500 g m-2 
(Figure 2a). Notably large areas of high AB can be 
found in the eastern parts of South America and in 
East Africa (Figure 2a), where the NPP values are 
also the highest (Supplementary Figure S1).

Relative stocking densities (RSD)

On average, animal densities, as estimated by 
Gilbert et al., (2018), already concentrate in areas 
where the NPP and consequently the CC values are 
high. However, some of these regions are already 
overgrazed (e.g. Gaitán et al., 2018) or affected by 
degradation (Bai et al., 2008). Slightly more than 
half of the GLW3-modelled livestock population 
(nearly 2 billion AUs; see Supplementary Figure 
S2) is located in the areas we consider here 
as grasslands. This means that a considerable 
proportion of the livestock production (e.g. in 
India) is located outside of our study area (Figure 
3, Supplementary Figure S2).

CCs and RSDs in production system ’livestock-
grazing’ 

Our calculations cannot observe livestock 
consuming supplementary feed or account for all 
the variations in production systems ranging from 
extensive to intensive farming. Therefore, we 
estimated CCs and RSDs on grasslands, where the 
production system is ‘livestock-grazing’ (Robinson 
et al., 2011) as discussed in the methods section. 
These livestock-grazing grasslands comprise 
an area roughly corresponding to the IGBP land 
cover class 10, ‘grassland’, which contains broad 
and remote pasturage and extensive livestock 
production. It covers about one-third of our IGBP-
based grassland area (classes 8, 9 and 10) and 
approximately 240 million AUs inhabit these areas 
according to the GLW estimates (around 10% of 
total AU). Consequently, CCs on these livestock-
grazing grasslands make up around one-third of 
the total CC of all the grasslands. 

*** for the rest of the results and interpretation, 
see the preprint here:

h t t p s : / / w w w. e s s o a r . o r g / d o i / 1 0 . 1 0 0 2 /
essoar.10505875.1

Discussion and conclusion
This study provides the first satellite observation-
based global CC (carrying capacity) estimate 
of the world’s grasslands. Our study provides 
much-needed high spatial resolution (500 m) 
data on AB (aboveground biomass) and CC, and 
a method to update these estimates regularly on 
a monthly and annual basis. Moreover, we assess 
the RSD (relative stocking density) on grasslands 
and livestock-grazing grasslands and discuss 
the reasons behind the regional differences in 
RSD. This information can be used in sustaining 
proper land management on grazing areas and 
rearranging the global food production in a 
sustainable way. These maps and findings can help 
identify undergrazed areas for targeted sustainable 
intensification efforts and assist with conservation 
efforts to reduce land degradation associated with 
overgrazing. Whilst our results imply that most 
parts of the world’s grasslands fall within the low 
or medium pressure categories of RSD, we argue 
that grazing densities may not be increased in all 
of these regions. A notable share of the grasslands 
is currently overstocked and policy interventions 
might be needed to prevent unsupportable 
livestock management.

https://www.essoar.org/doi/10.1002/essoar.10505875.1
https://www.essoar.org/doi/10.1002/essoar.10505875.1
https://www.essoar.org/doi/10.1002/essoar.10505875.1
https://www.essoar.org/doi/10.1002/essoar.10505875.1
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*** for the rest of the discussion and conclusion, 
see the preprint here:

h t t p s : / / w w w. e s s o a r . o r g / d o i / 1 0 . 1 0 0 2 /
essoar.10505875.1

Dataset distribution

The code used in the analyses will be published 
upon publication in GitHub. The derived datasets 
will be published in the Zenodo repository upon 
publication.
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Abstract
Remote sensing has been used to measure green canopy cover for a variety of agronomic purposes. 
This study explores the use of digital imagery as a method to quantify warm and cool season grasses in 
a hay production system. Due to alternate growth periods, cool and warm season grasses show greener 
color in different seasons. These seasonal color shifts provide an opportunity to measure their respective 
percentages when growing together in a system. This study was conducted in a hay field that was 
originally dominated by cool season grasses including tall fescue (Festuca arundinacea) and Kentucky 
bluegrass (Poa pratensis), but had been invaded by broomsedge (Andropogon virginicus), a native, 
warm season grass that is known to be an indicator of poor soil fertility. Soil tests for this field revealed 
a severe potash deficiency. Plots with high percentages of broomsedge would only be greener during the 
peak times for warm season grasses, and have a lower percentage of green canopy cover throughout the 
rest of the year, leading to a lower average green canopy cover percentage for the entire year. Thirteen 
different fertilizer regimens were applied with four replications each in a randomized complete block 
design (N-P-K kg/ha: 0-0-0, 0-0-202, 0-0-404, 0-45-0, 0-45-202, 0-45-404, 202-0-0, 202-0-202, 202-
0-404, 202-45-0, 202-45-202, 202-45-404, 43-43-43). Images were captured with a Nikon D750 DSLR 
camera and a DJI Phantom 4 Pro V2.0 drone throughout 2020, and analyzed for green canopy cover 
percentage using the Canopeo application in MATLABR2020b.The two fertilizer treatments showing 
the highest yearly averages for green canopy cover were those that contained the highest levels of N, 
P, and K (202-45-202 kg/ha and 202-45-404 kg/ha). This method of collecting data was both time and 
labor efficient and yielded adequate and useful data.

Introduction
Broomsedge is a warm season perennial that is 
known for growing on soils with low fertility, 
especially low phosphorus (Brakie 2009). 
Removing harvested forage from hayfields removes 
large amounts of nutrients, quickly depleting the 
soil if the nutrients are not replaced. On average, 
one ton of fescue hay will remove approximately 
16kg of N, 8kg of P, and 23kg of K when harvested 
(“Lime and Nutrient Recommendations,” 2020). 
Warm season grasses are dormant in the cooler 
seasons and lose their greener color, while cool 
season grasses are dormant in the summer and can 
develop a tan or brown color. In Kentucky, warm 
season grasses are typically active from June to 
September, and cool season grasses from April to 
July, and September to November (Ball, Hoveland 
and Lacefield 2015). Because broomsedge is 
a warm season grass, it can be detected during 
the cooler times of the year when it is dormant 
(brown) and the cool season grasses are still 
active. Cool season grasses can be quantified using 

green canopy cover analysis in periods of the year 
when warm season grasses will be dormant and 
thus brown. 

The Canopeo Software Program (OSU Plant 
and Soil Sciences Department) detects fractional 
green canopy cover (FGCC) by classifying pixels 
in a photo as green or non-green by measuring 
ratios of red:green and blue:green. The program 
then exports an image that is completely binary 
black or white, and then quantifies how many 
pixels are green (Patrignani and Ochsner 2015). 
Digital image analysis has been used to measure 
canopy cover in turfgrass as an alternative method 
to time consuming hand sampling techniques, 
and to eliminate some sources of bias and 
error (Richardson, Karcher and Purcell 2001). 
Combining soil test information with a rapid and 
labor efficient method of green canopy cover 
analysis can provide a method for evaluating the 
composition of hay fields and pastures, as well as 
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for measuring responses to soil amendments.

Materials and methods 
This study was conducted between from January 
to November 2020 in a hayfield in Powell County, 
Kentucky, USA. The field is approximately 
0.3 ha (0.8 ac) with a widespread infestation 
of broomsedge (Andropogon virginicus). The 
hayfield had been harvested for at least 10 years, 
with sporadic applications of fertilizer that greatly 
undersupplied potassium.

Thirteen different treatments of fertilizer (see Table 
1) were applied in a randomized complete block 
design with four replications each. Each plot was 
approximately 3m x 10m. Fertilizer treatments of 
nitrogen, phosphorus, and potassium (NPK) were 
as follows:

Table 1: Fertilizer treatments in kg/ha 

T r e a t -
ment

N* (kg/
ha)

P** (kg/
ha)

K*** (kg/
ha)

1 0 0 0
2 0 0 202
3 0 0 404
4 0 45 0
5 0 45 202
6 0 45 404
7 202 0 0
8 202 0 202
9 202 0 404
10 202 45 0
11 202 45 202
12 202 45 404
13 43 43 43

*N applied in split applications in March, May 
(after first cutting) and mid-August.

**P applied in March

***K applied in March for treatments receiving 
202kg/ha, and split between March and August for 
treatments receiving 404kg/ha

Photos were taken throughout 2020 in January, 
April, July, and November. January and April 
photos were taken using a Nikon D750 Digital 
Single-Lens Reflex (DSLR) camera with an AF-S 
NIKKOR 20mm f/1.8G ED Wide-Angle Lens and 
a ProMaster 77mm UV Haze Ultraviolet Filter 
(4857), and the remainder of the photos taken with 
a DJI Phantom Pro V2.0 drone. January photos 
were taken by suspending the camera from a pole 
at the top of an 8’ step ladder so that the camera 
pointed straight to the ground. A remote control 
was used to take the photos. Photos taken in April 
were done from the ground, simply by holding 
the camera away from the body at arm’s length 
and taking a photo straight down at the ground. 
Beginning in July, the drone was used for capturing 
aerial images. The first set of drone images in July 
were captured at 200’ altitude with 80% overlap of 
images, and the second set in November captured 
at 50’ with 60% overlap. Occupancy grid data was 
also collected in November. The occupancy grid 
results are not included in this paper; however, the 
timing of the method is included for comparison of 
time efficiencies between methods.

Drone imagery was stitched using DroneDeploy 
and then each plot was cropped from the full field 
photo using Adobe Photoshop. All images (digital 
camera and drone) were analyzed for green canopy 
cover using the Canopeo application for MATLAB 
R2020b. Green canopy cover was compared using 
Excel and RStudio.  

Results
Green Canopy Cover

Green canopy cover values for ranged from 3.14-
11.66% for January 2020, 30.62-65.67% for April 
2020, 92.66-99.77% for July, and 6.06-85.78% 
for November. Yearly averages for green canopy 
cover ranged from 35.16-64.99%. The treatment 
with the highest yearly average for green canopy 
cover was 202 kg/ha N, 45 kg/ha P, and 404 kg/
ha K. The treatment receiving no fertilizer had 
the lowest yearly average for green canopy cover. 
The month with the highest average green canopy 
cover was July (98.49%) and the lowest was 
January (6.72%).
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Figure 1: Green canopy cover percentages by treatment for each sampling date and 2020 averages

Collection Method Efficacy

Various methods were used throughout the year, 
taking different amounts of time to complete. 
January’s images captured with a digital camera 
took 54 minutes to complete. Drone imagery for 
July and November took 6 minutes and 9 minutes, 
respectively, to complete. Occupancy grid data 
was collected in November by a team of two 
people, each covering half of the plots and taking 
approximately 90 minutes to do so.  

Discussion
Plots that received complete fertilizer treatments 
displayed higher green canopy cover measurements 
during the cooler sampling months of January, 
April, and November. This would correlate to the 
larger presence of cool season grasses present in 
those plots, as compared to the plots that have a 
smaller proportion of cool season grasses. Plots 
with a smaller proportion of cool season grasses 
are those that contain more undesirable warm 
season grasses such as broomsedge because of 
poor fertility. Green canopy cover was similar 
across all treatments during July. This may 
be due to the cool season grasses in the well 
fertilized plots retaining their green color, and 
under fertilized plots appearing green due to the 
undesirable warm season grasses being active. The 
large range between the treatments in November 
is noteworthy, showing that proper fertilization 

can keep a stand of grass productive late into the 
season.

The most time efficient method for collecting 
visual imagery to process for green canopy 
cover was certainly the drone, however this was 
also the most expensive method. This method 
also requires training in order to fly the drone, 
as well as to process the images in different 
software programs. The digital camera used in 
this study was also expensive, however many 
digital cameras exist on the market at more 
affordable prices. A digital camera or smartphone 
camera is likely more accessible to most farmers, 
and these images can be directly imported to 
Canopeo either on a computer or directly through 
the smartphone application. The time and skill 
involved to complete processing and analysis of 
the data as collected by the different methods for 
the layperson requires further investigation. Either 
the drone or digital camera are still far more time 
efficient than occupancy grid sampling, and the 
precision and accuracy of these methods is still yet 
to be compared.
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Abstract
This study aimed to assess the impact of abnormal climate events on the production of Italian ryegrass 
(IRG), such as autumn low-temperature, severe winter cold and spring droughts in the central inland, 
southern inland and southern coastal regions. Seasonal climatic variables, including temperature, 
precipitation, wind speed, relative humidity, and sunshine duration, were used to set the abnormal 
climate events using principal component analysis, and the abnormal climate events were distinguished 
from normal using Euclidean-distance cluster analysis. Furthermore, to estimate the impact caused by 
abnormal climate events, the dry matter yield (DMY) of IRG between abnormal and normal climate 
events was compared using a t-test with 5% significance level. As a result, the impact to the DMY of 
IRG by abnormal climate events in the central inland of Korea was significantly large in order of severe 
winter cold, spring drought, and autumn low-temperature. In the southern inland regions, severe winter 
cold was also the most serious abnormal event. These results indicate that the severe cold is critical to 
IRG in inland regions. Meanwhile, in the southern coastal regions, where severe cold weather is rare, 
the spring drought was the most serious abnormal climate event. In particular, since 2005, the frequency 
of spring droughts has tended to increase. In consideration of the trend and frequency of spring drought 
events, it is likely that drought becomes a new normal during spring in Korea. This study was carried 
out to assess the impact of seasonal abnormal climate events on the DMY of IRG, and it can be helpful 
to make a guideline for its vulnerability. This study was accepted in the Journal of Animal Science and 
Technology in 02/NOV/2020.

Introduction
Some abnormal/extreme climate events are 
becoming more extreme in East Asia, depending 
on the season, due to global warming and rapid 
climate change (Min et al., 2015). It has been 
reported that abnormal climate events causes 
great damage to agricultural industry and crops 
(Team et al., 2007; Rosenzweig et al., 2001). In 
particular, climate events are important for forage 
crops that can be provided with high quality feed 
for livestock. Winter forage crops are vulnerable 
to abnormal climate events during winter, which 
is significant for survival. Therefore, on the 
Korean Peninsula, which belongs to the temperate 
climate zone and has four distinct seasons, the 
representative abnormal climate events which 
are fatal and prone to happen to winter crops are 
as follows: First, low-temperature events, which 

can occur after seeding in autumn, impede the 
growth and development of winter crops, making 
it difficult for them to obtain the energy needed 
for wintering (Cooper 1960). According to the 
report on the climate of the Korean Peninsula 
(Pachauri et al., 2014), the damage caused by low-
temperatures in autumn is expected to decrease 
gradually as global warming increases summer 
temperatures and extends the summer period. 
However, low-temperature event can still be fatal 
due to the increase in frequency and intensity of 
late monsoon rain (Kaul-Changma) and typhoon. 
Second, considering the characteristics of Italian 
ryegrass (Lolium multiflorum Lam., IRG), which 
has weak cold resistance, there is no doubt that 
the severe cold in winter is the most critical factor 
despite its good growth and development in autumn 
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(Kobayashi et al., 2008). According to Min et al., 
(2015), greenhouse warming has been assessed to 
lead to an increase in warm extremes and a decrease 
in cold extremes, but recent warming associated 
with Arctic sea ice-melting has tended to bring a 
cold snap to East Asia in winter. Therefore, the 
severe cold from warming is likely to become 
more deadly to IRG. Finally, if the spring drought 
persists for a long period, it causes a shortage of 
water resources following the winter dry season 
that damages the agricultural industry (Kim et al., 
2005). According to Kim et al., (2011), there was 
a bimodal pattern of frequency between the short 
and long term for spring drought, which indicates 
the polarization of drought variation. Hence, as the 
dry season increases, spring drought will gradually 
emerge as an important abnormal climate event in 
the future.

IRG has been generally cultivated in the southern 
inland and coastal regions of the Korean 
Peninsula, but this has gradually expanded from 
the southern to the central regions, and it is now 
cultivated in most regions except for the northern 
and central mountainous regions. In general, IRG 
is vulnerable to the dry and cold conditions of the 
Korean winter due to lower cold and dry tolerance 
compared to other winter crops. IRG is cultivated 
popularly in rotation system with rice, a major food 
crop, which is helpful to income of farmer in the 
Republic of Korea. Furthermore, IRG is important 
winter forage crop in terms of feed value, such as 
feed nutritive and preference, on the southern and 
central regions of Korea. Unfortunately, studies 
related to the effects of climate change and climate 
events on IRG have been seldom carried out in the 
Republic of Korea, compared to the improvement 
of varieties and the development of cultivation 
techniques. Therefore, in this study, the impact of 
abnormal climate events on the IRG production 
was considered.

Therefore, this study aimed to assess the impact 
of seasonal abnormal climate events on IRG 
production considering various climate variables. 
Besides this, production trends by year were 
checked in consideration of significant abnormal 
climate events in different regions.

Methods and Study Site
The IRG metadata (n=1,107) including location, 
year, cultivar, seeding and harvesting dates, 
height and dry matter yield (DMY, kg/ha) were 
collected from reports of the National Agricultural 

Cooperative Federation (NACF) and the Rural 
Development Administration (RDA) of the 
Republic of Korea from 1988 to 2013 (26 years). 
In general, abnormal/extreme climates in some 
regions may be normal in other regions; thus, it is 
necessary to classify the regions. In this study, the 
central inland, southern inland and coastal regions 
were selected because the northern inland and 
mountainous regions were not suitable for IRG 
cultivation. Suwon (latitude: 37° 25′ N, longitude: 
126° 98′ E, n=321), Jeonju (latitude: 35° 84′ N, 
longitude: 127° 12′ E, n=107) and Jeju (latitude: 
33° 51′ N, longitude: 126° 53′ E, n=135) were 
selected as representative locations for the central 
inland, southern inland and southern coastal 
regions, respectively. 

Based on the location, the raw meteorological 
data contains daily mean temperature, wind speed, 
relative humidity, precipitation amount, snowfall 
amount and sunshine duration were collected by 
open-API (application programming interface) 
from the weather information system of KMA 
(1988-2013). To quantify the climate events for 
IRG, the season was divided into autumn, winter 
and next spring based on the earliest seeding 
date (03/September) and the latest harvesting 
date (12/June). In the Republic of Korea, IRG is 
generally sown between late September and early 
October and harvested in late May. Thus, growing 
periods were divided into autumn (September to 
November), winter (December to February), and 
next spring (March to May), respectively. To 
quantify abnormal climate events, the variables 
were temperature (℃), relative humidity (RH, %), 
precipitation amount (PA, mm), snowfall amount 
(SA, cm), sunshine duration (SD, hr) and wind 
speed (WS, m/s). Where, the temperature was: 
accumulated temperature (AT, ℃) over 5℃ in 
autumn and next spring, and mean temperature 
(MT, ℃) in winter. Where, the lower limitation of 
AT, 5℃ (41℉) was the base temperature of growing 
degree days for IRG. In general, abnormal climate 
can be defined by various criteria, including the 
type, intensity and frequency of climate variables. 
In this study, abnormal and normal climate 
scenarios for autumn, winter and next spring were 
categorized by seasonal climate variables using 
statistical analysis. Here, a category that satisfies 
climatic conditions favorable for survival, growth 
and development for the high IRG yield was defined 
as a normal climate scenario. Meanwhile, climatic 
characteristics unfavorable to the survival, growth 
and development of IRG at a specific season were 
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reflected to the abnormal climate scenarios.

Results
Classification of abnormal climate events by 
seasons

Based on the climatic PCs, the year and climate 
variables were plotted together to classify 
abnormal climate events from normal (Figures 
1–3). In the central inland regions (Figure 1), the 
autumn normal and low-temperature events could 
be divided into the second quadrant close to SD of 
PC1 and AT of PC2, and a fourth quadrant close 
to RH and PA of PC1 and far from AT of PC2, 
respectively. For winter, normal and severe cold 
events were placed in the first quadrant, where 
RH of PC1 and MT of PC2 were located, and the 
third quadrant, where WS of PC1 and SA of PC2 
were located, respectively. For spring, normal and 

drought events were distributed on a right quadrant 
where RH and PA of PC1 were mainly arranged, 
and a left quadrant where WS, SD and AT of PC2 
were arranged, respectively. The characteristics 
of climatic PCs of the southern inland region 
were similar to those of the central inland region 
(Figure 2). However, in winter, normal and severe 
cold events were located in the second and fourth 
quadrants, respectively; because the sign of climate 
variables in PC1 was opposite between central and 
southern inland regions. In the southern coastal 
regions (Figure 3), autumnal climate events were 
not classified as normal and low-temperature 
events. In the case of winter, it was difficult to 
distinguish severe cold from normal because of the 
ambiguous position of climate variables, although 
PCs were statistically distinct. The spring droughts 
were prominent in the third quadrant related to 
high AT, high SD and low PA.

A

 

B C

Figure 1: Scatter plots of year and climate variables to classify climate events in the central inland 
region: (A) autumn, (B) winter, (C) spring

A B C
Figure 2: Scatter plots of year and climate variables to classify climate events in the southern inland 
region: (A) autumn, (B) winter, (C) spring

Figure 3: Scatter plots of year and climate 
variables to classify climate events in the 
southern coastal region: (A) winter, (B) 
spring

A B



364

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

Comparison of climate variables and dry matter 
yield between climate events

To assess the impact of abnormal climate events 
on IRG production, DMY was compared by t-test 
(Table 1). In the central inland, the difference in 
DMY was greater in order of severe winter cold 
(2,620 kg/ha), spring drought (2,048 kg/ha) and 
autumn low-temperature (1,452 kg/ha). In the 
southern inland region, the only severe winter cold 
reduced DMY by 4,127 kg/ha (p < 0.05). It was 
not expected that the damage was greater in the 
southern inland region than in the central inland 
region, where the MT was lower. In the southern 
coastal region, the low-temperature event was not 
outside of the normal range, and the severe winter 
cold event was not effective (p = 0.61). 

Discussion [Conclusions/Implications]
The study was carried out to assess the impact 
of abnormal climate events such as autumn 
low-temperature, severe winter cold and spring 
drought on the production of Italian ryegrass in 
the central inland, southern inland, and southern 

coastal regions of the Republic of Korea. The 
yield damage caused by severe winter cold event 
was serious in both inland regions; in particular, 
the damage was more fatal in the southern inland 
region, even though the frequency of events 
was lower. In consideration of the trend and 
frequency of spring drought events, it is likely 
that drought becomes a NEW NORMAL during 
spring in Korea. Finally, the damage caused by 
low-temperature events in autumn was lower than 
other abnormal events, although its tendency had 
changed since 2000. The greater the difference 
in climate characteristics by year, the more the 
production fluctuations tended to change rapidly. 
Therefore, for the abnormal climate events related 
to winter forage crops in the Republic of Korea, 
a strategic approach focusing on prediction and 
quick judgment is required, since we cannot be 
routinely prepared to the characteristics of rare 
events.

Table 3: Comparison of dry matter yield between 
climate events for Italian ryegrass based on regions 
and seasons 

Regions Seasons Events N Dry matter yield (kg/ha) t-Test

Central 
inland

Autumn
Normal 162 10,698.40 ± 310.14

3.93*Low-tem-
perature 159 9,246.88 ± 201.20

Winter
Normal 298 10,153.57 ± 195.39

3.66*Severe 
cold 23 7,533.83 ± 478.68

Spring
Normal 194 10,776.06 ± 253.86

5.79*
Drought 127 8,728.23 ± 237.99

Southern 
inland

Autumn
Normal 85 9,170.87 ± 361.30 -1.65

(p = 0.10)
Low-tem-
perature 22 8,334.09 ± 355.37

Winter
Normal 93 9,538.85 ± 291.65

-5.23*Severe 
cold 14 5,411.50 ± 609.22

Spring
Normal 70 9,140.99 ± 422.63 -0.78

(p = 0.44)Drought 37 8,729.86 ± 319.28
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Regions Seasons Events N Dry matter yield (kg/ha) t-Test

Southern 
coast

Autumn
Normal

Not classifiedLow-tem-
perature

Winter
Normal 127 14,403.50 ± 1769.99 0.53

(p = 0.61)
Severe 
cold 8 13,424.76 ± 483.68

Spring
Normal 52 14,749.92 ± 515.27

5.89*
Drought 83 12.688.87 ± 673.40

*p < 0.05
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Abstract
Two trials were conducted to evaluate the effect of white rot fungi treatment on feeding value of quinoa 
stalk. In trial 1, quinoa stalk was inoculated with Pleurotus osteratus (PO) or Pleurotus citrinopileatus 
(PC) at 25 °C for 90 days, and chemical composition and hardness of the stalk were measured. In trial 
2, quinoa stalk was inoculated with PO, and incubated at 10 and 25 °C for 60, 90 and 120 days. After 
incubation, the chemical composition and hardness of the stalk were measured. In trial 1, acid detergent 
lignin (ADL) content in the stalk decreased in both treatments, and the ADL content was lower in PO 
than in PC. However, the hardness of the stalk after incubation was weaker in PC. In trials 2, ADL 
content and hardness of the quinoa stalk decreased under both incubation temperatures, but the decrease 
rates of the ADL content and the hardness were slower in the stalks incubated at 10 °C. After 120-
day incubation, the ADL content was higher in the stalk incubated at 10 °C compared with the stalk 
incubated at 25 °C, but the hardness did not differ between the incubation temperatures. These results 
indicate the possibility of improving the feeding value of quinoa stalk by white rot fungi treatment under 
a cool climate condition such as Andean highlands.  

Introduction
Livestock production by llamas and sheep is 
conducted in the Andean highlands, but feed 
resources are scarce due to the cool and dry 
climate. Quinoa is an important food crop in the 
Andean highlands, but its use for animal feed 
is limited because of its high lignin content and 
hardness. Recently, it is expected that quinoa can 
contribute to the restoration of food production 
in areas where salt accumulation has progressed, 
such as Middle East, North Africa and Central 
Asia regions (Choukr-Allah et al., 2016). In 
most of these areas, not only food resources but 
also feed resources are limited, so quinoa stalk 
is expected to be used for animal feed. White rot 
fungi of edible mushrooms have lignin-degrading 
enzymes, and white-rot fungi such as Pleurotus 
spp. is able to improve the nutritional value of the 
feed by reducing lignin content. The inoculation 
of white rot fungi on the lignified agricultural 
by-products such as wheat straw, bagasse, maize 
stover and rice straw has shown improvement in 
their nutritional value (Kewalramani et al., 1988; 
Fazaeli et al., 2002; Okano et al., 2007; Tuyen et 
al., 2013; Khan et al., 2015). Therefore, it can be 
expected that the feeding value of the quinoa can 
be improved by white rot fungi treatment. 

Materials and methods 
Trial 1: Two types of quinoa stalks harvested in 
Kyoto Japan were used. One is highland type and 
another one was hybrid type. The stalks were cut to 
about 10 cm length and was adjusted to a moisture 
content of 65% by soaking the stalk in water for 
24 hours. After the moisture adjustment, the stalks 
were stuffed in the mushroom bottle, and sterilized 
by an autoclave (121 ℃�20 min). Then, the stalk 
was inoculated with grain spawn of Pleurotus 
ostreatus (PO) or Pleurotus citrinopileatus (PC) at 
the rate of 5 % by fresh weight of the stalk. The 
inoculated quinoa stalk bottles were incubated for 
90 days in a bucket. Temperature and humidity 
during incubation were allowed to fluctuate. After 
incubation the stalks were dried and analysed for 
chemical composition and hardness.

Trial 2: Quinoa stalk harvested in Hokkaido Japan 
was cut to about 10 cm length and was adjusted to 
a moisture content of 65% by soaking the stalk in 
water for 24 hours. After the moisture adjustment, 
the stalks were stuffed in the mushroom bottle, and 
sterilized by autoclave (121 ℃�20 min). Then, 
the stalk was inoculated with grain spawn of PO 
at the rate of 5 % by fresh weight of the stalk. The 
bags including the inoculated quinoa stalk were 
incubated in an incubator maintained at 10 ℃ and 
a room with an average temperature of 25 ℃ for 
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60, 90 and 120 days. After incubation the stalks 
were dried and analysed for chemical composition 
and hardness.

Results
In trial 1, the cellulose, hemi-cellulose and acid 
detergent lignin (ADL) contents in dry matter of 
the highland type and the hybrid type of the quinoa 
stalks were 63.7 %, 16.2 %, 7.4 % and 61.3 %, 15.6 
%, 9.0 %, respectively. The average temperature 
and humidity during incubation were 25.1 ℃ and  
68.3 %, respectively. After incubation, cellulose, 
hemi-cellulose and ADL contents in dry matter of 
the highland type of quinoa stalk inoculated with 
PO and PC were 58.0%, 7.4 %, 3.5 % and 50.2 %, 
7.6 %, 5.1 %, respectively, and those of the hybrid 
type of quinoa stalk inoculated with PO and PC 
were 60.3 %, 5.5 %, 6.1 % and 53.4 %, 5.5 %, 
7.4 %, respectively. The ADL contents of the both 
type of quinoa stalk decreased with white rot fungi 
treatment (P < 0.05), and the ADL content after 
incubation was lower in the stalk inoculated with 
PO than in PC (P < 0.05). The cellulose and hemi-
cellulose contents in the both type of the quinoa 
stalk also decreased with the white rot fungi 
treatment (P < 0.05).  The hemi-cellulose content 
in the both type of quinoa stalk did not differ 
between PO and PC inoculation, but the cellulose 
content was lower in the stalk inoculated with 
PC than that inoculated with PO (P < 0.05). The 
hardness of the intact quinoa stalk did not differ 
between the type and averaged 11.5 kgf/cm2.  After 
incubation, the hardness of the highland type of the 
quinoa stalk inoculated with PO and PC were 4.3 
kgf/cm2 and 2.9 kgf/cm2, respectively, and that of 
hybrid type of quinoa stalk inoculated with PO and 
PC were 4.6 kgf/cm2 and 2.1 kgf/cm2, respectively. 
The hardness of the both types of the quinoa stalk 
were decreased by white rot fungi treatment, and 
the effect of reducing hardness was greater with 
PC than with PO (P < 0.05).

In trial 2, the cellulose, hemi-cellulose and ADL 
contents in dry matter of the quinoa stalk were 
56.0 %, 19.2 %, and 10.9 %, respectively. The 
average temperature and humidity in the room and 
the incubator during the incubation was 23.9 ℃ 
and 72.1 %, and 9.1 ℃ and 76.5 %  respectively. 
The ADL content in the quinoa stalk incubated 
under both temperature condition decreased with 
white rot fungi treatment (P < 0.05) and decreased 
as incubation period became longer (P < 0.05). 
However, the ADL content of the quinoa stalk after 
120 days incubation was higher in low temperature 

condition (8.2 %) than in high temperature 
condition (6.9 %; P < 0.05). The cellulose and 
hemi-cellulose contents also deceased by white rot 
fungi treatment (P < 0.05), but their contents after 
incubation were not affected by the temperature 
during the incubation. The average cellulose and 
hemi-cellulose contents after 120 days incubation 
was 50.9 % and 15.1 %, respectively. The hardness 
of the quinoa stalk used in trial 2 was 14.7 kgf/cm2. 
The hardness of the quinoa stalk decreased with 
white rot fungi treatment (P < 0.05), but it was 
not affected by the incubation temperature. The 
hardness after 120 days incubation under high and 
low temperature condition was 2.9 kgf/cm2 and 
3.6 kgf/cm2, respectively. 

Discussion 
Similar to previous reports (Kewalramani et al., 
1988; Fazaeli et al., 2002; Okano et al., 2007; 
Tuyen et al., 2013; Khan et al., 2015), white rot 
fungi treatment has been shown to reduce the 
lignin content in the quinoa stalk by this study. 
This study also showed the reduction of the 
hardness of quinoa stalks by the white rot fungi 
treatment. As ADL content in feed and reduction 
rate of particle size in the rumen are closely related 
with feed intake, especially low-quality feed, 
the decrease of ADL content and the reduction 
of the hardness by white rot fungi treatment 
probably contribute the improvement of intake of 
lignified feed. Yamakawa et al., (1992) reported 
that voluntary intake of rice straw by sheep was 
increased by white rot fungi treatment. It was also 
demonstrated that the effect of white rot fungi 
treatment is affected by incubation condition such 
as the species of fungi and incubation temperature. 
From the point of view of degradation of ADL in 
feed, PO was superior to PC. It has been reported 
that the ability of white rot fungi to degrade lignin 
differs depending on the species of white rot 
fungi (Kewalramani et al., 1988; Taniguchi et al., 
2005). In the report of Kewalramani et al., (1988) 
who treated bagasse with several white rot fungi, 
and Polyporus hirsutus had the highest ability to 
degrade lignin and had a large effect of improving 
digestibility. On the other hand, PC was superior to 
PO in the ability to degrade cellulose and to reduce 
the hardness. The hardness of incubated quinoa 
stalk was positively associated with cellulose 
content in the stalk (r = 0.644, P < 0.05), but no 
significant correlation was observed between the 
hardness and ADL content in the stalk. It was 
thought that lignin degradation and brittleness 
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of the quinoa stalk by white rot fungi may be 
independent functions. The ADL content of the 
incubated quinoa stalk was affected by incubation 
temperature, and was higher in the stalk incubated 
low temperature. However, the cellulose content 
and the hardness of the quinoa stalk were not 
affected by incubation temperature. 

This study shows the possibility of decreasing ADL 
content and the brittleness of quinoa stalk by white 
rot fungi treatment. Although these abilities of 
white rot fungi treatment depend on the incubation 
condition such as type of fungi and incubation 
temperature, this study demonstrate that white 

rot fungi treatment may improve feeding value of 
quinoa stalk even in cool environments such as the 
Andean highlands. 
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Abstract
Agrosilvopastoral systems provide a range of livelihood services, either directly through forage 
production or indirectly by the beneficial effects on soil conservation, nutrient cycling, pollutant filtering, 
and biodiversity enhancement. Hence, improved silvopastoral systems have ample scope to rehabilitate 
degraded pastures to sustain livestock production, which remains a strong pillar for the livelihoods of the 
agrosilvopastoral communities. To evaluate the impact of Hedysarum coronarium L. (sulla) reseeding 
on pasture productivity, plant cover and plant density in semi-arid silvopastoral systems, an experiment 
was carried out in Sbaihia Site, Zaghouan Governorate, Tunisia during 2018-2019 growing season. 
The experiment was laid out under a randomized complete block design having 3 treatments including 
reseeding sulla; protection from grazing and control (free grazing) with three replications per treatment. 
Preliminary results showed that there were significant differences (p<0.05) among the three treatments. 
Reseeded sulla and protected plots recorded 100% plant cover while the control plots had less than 60%. 
The estimated biomass for the reseeded plots was four times higher than the biomass production in the 
protected plots and eleven times higher than the control plots. The highest plant density was recorded in 
the reseeded plots (163.2 plants/m2), followed by the protected plots (30.6 plants/m2) while the lowest 
value was recorded in the control plots (29.8 plants/m2). Based on these findings, it is concluded that 
reseeding well-adapted native forage species has a great potential to improve productivity of semi-
arid silvopastoral systems, which would contribute towards reducing the feeding cost and, therefore, 
enhancing the income of the agrosilvopastoral communities.

Introduction
Agrosilvopastoral production systems are very 
important ecologically, economically, and 
socially. They provide various ecological services, 
including nutrient cycling, pollutant filtering, 
and biodiversity preservation (Louhaichi 2016). 
They also serve as a resource base for livestock 
production – a key source of income and urban 
livelihood diversification. However, these 
ecosystems suffer from cultivation encroachment, 
overgrazing, and harsh climatic conditions, 
particularly recurrent droughts (Ouled Belgacem 
and Louhaichi 2013; Alonso 2011). For centuries, 
the strategy for alleviating environmental 
degradation and overgrazing pressure was the 
traditional nomadic system. However, changing 

to sedentary land-use resulted in overgrazing 
and the massive increase of subsidized feeding 
(Martínez-Valderrama 2018). This has led to 
extensive exploitation of natural resources and 
depletion of soil nutrient.  Continuous degradation 
of silvopastoral systems triggers the critical need 
to develop appropriate management strategies that 
enhance the sustainable use of these ecosystems. 
Interduce legumes species in these systems, 
promote a feasible opportunity for sustainable 
production system through enhancing the soil 
organic matter and providing high quality feed. 
This work was designed to evaluate the impact 
of Hedysarum coronarium L. (sulla) reseeding on 
biomass production, vegetation cover, and density 
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in semi-arid silvopastoral systems in Tunisia with 
the aim to meet the huge gap in fodder demand and 
supply exists in the area. 

Materials and methods 
The experiment was conducted in Sbaihia site, 
Zaghouan Governorate in the north-eastern 
of Tunisia (36°27’34.86”N, 10°13’52.17”E; 
altitude range: 180-200 m above sea level).  The 

site natural vegetation is characterized by very 
sparse individuals of Olea europea, Rosmarinus 
officinalis and also the spread of the invasive 
thorny species Eryngium campestre.  Soils at the 
study site are poor and shallow the dominant soil 
textures is silt loam. (47% silt, 29% sand and 24% 
clay). The climate is semi-arid with annual rainfall 
ranging from 350 to 600 mm. During 2018/2019 
growing seasons, the site received a rainfall of 493 
mm (Figure 1) (ONAGRI 2019).

Figure 1: Monthly mean air temperature and rainfall in Zaghouan from 1 September 2018 to 31 August 
2019. Long-term means (LTM) are for the period 1985-2012. The meteorological data were obtained 
from http://www.onagri.nat.tn/pluviometrie and https://www.historique-meteo.net (Accessed 20 June 
2020).  

The experimental design consisted of a randomized 
complete block design (RCBD) with three 
replications and three treatments as follows: (i) 
Reseeding sulla; (ii) Protection from grazing and 
(iii) Control (free grazing). Sulla reseeding was 
applied manually at a sowing rate of 40 kg ha-1, 
on 15 October 2018, just after the commencement 
of the fall rainfalls followed by covering the seeds 
with soil using a spike tooth harrow. 

The biomass production was estimated toward 
mid-May of 2019 at the peak of growth of the 
natural vegetation. Three quadrats (1×1 m) were 
randomly placed within each plot of the three 
treatments. The entire biomass inside the quadrats 
was clipped to a stubble height of 5 cm above 
ground level. Samples fresh weight were estimated 
using an electronic scale (Ohaus Valor 7000), while 
the dry matter (DM) content was determined by 
drying a subsample in an air-forced oven at 60°C 
for 72 hours. The difference in weight (before and 
after drying) corresponds to the loss of moisture 
and the residue represents the DM. 

Vegetation cover was estimated using the digital 
vegetation charting technique developed to 
measure and monitor vegetation cover in different 
land use (Louhaichi et al., 2010 a,b).  This method 
is reliable, fast and low-cost (Louhaichi et al., 
2017). Ten vertical ground images were captured 
randomly in each plot, using Canon Coolpix 110 
camera mounted on a monopod.  The dimension 
of each image was 4608 × 3456 pixels, and the 
size was about 6.93 Mb in JPG format. The camera 
lens was 150 cm from the blackboard surface. One 
pixel in the digital image represented 0.16 mm2 at 
the ground surface. The software interpreted the 
colours from the picture to create two meaningful 
classes. Bare soil and green vegetation, the total 
surface area of green vegetation from the image 
classification is calculated by summing the total 
area occupied by pixels classified as plant. The 
vegetation density is the number of individuals 
per unit area. To estimate plant density, three 
quadrates placed randomly in each treatment plots, 
and each individual living plant inside the quadrat 
was counted.   
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The data was analysed using the analysis of 
variance (ANOVA) in a randomized complete block 
design. Sulla reseeding, protection from grazing 
and control treatments were considered as fixed 
effects. The treatment effect was evaluated using 
the LSMEANS procedure. Pearson correlation 
analysis was used to assess the relationship 
between different variables. The computations 
were carried out using SAS v. 9.2 software (SAS 
Institute, Cary NC, USA). Significant differences 
among treatment means were compared by 
Fisher’s protected least significant difference at P 
= 0.05. 

Results
Biomass production and plant density were 
significantly higher in Sulla reseeded treatment 
compering to protected area and control treatments 
(p < 0.05).  The biomass for the Sulla reseeded 
plots recorded 10.40 TDM/ha and was four times 
higher than the biomass production in the protected 
plots (2.62 TDM/ha) and eleven times higher than 
the control plots (0.90 TDM/ha) (Figure 1).  The 
highest density was recorded in the reseeded plots 
(163.2 plants/m2), followed by the protected plots 
(30.6 plants/m2), while the lowest plant density 
was recorded in the control plots (29.8 plants/
m2). Yet, Reseeded sulla and protected treatments 
recorded 100% plant cover comparing to less than 
60 % in the control treatment (p < 0.05).  

Figure 2: Biomass production of silvopasture 
system under three different treatments in 2018/19. 

Discussion 
In the current study, we evaluated the impact 
of reseeding a native forage legume species, 
Hedysarum coronarium L. (sulla) on biomass 
production, vegetation cover, and density in 
semi-arid silvopastoral systems, as a means of 
alleviating pasture degradation by providing high 
quality forage while diversifying the production 
systems. Nevertheless, the protection from grazing 
had a positive effect on increasing the vegetation 
cover by 40% as compared to the control site. 
The control area showed the lower values of 
biomass (0.90 TMS/ha), vegetation cover (60%) 
and density (29.8 plants/m2) that probably due 
to poor seed bank and poor soil quality and less 
availability of nutrients (Slim and Ben Jeddi 2011; 
Slim et al., 2018). Sulla reseeding resulted in 
substantially greater biomass, vegetation cover and 
plant density compared to the control site (grazed 

area). These results support previous findings that 
reseeding has great potential to improve degraded 
natural pastures and enhance livestock production 
(Manyeki et al., 2015; Martiniello et al., 2000; 
Bouajila et al., 2013). The high biomass and 
vegetation density recorded in the reseeded areas 
could be attributed to the fact that Sulla is a forage 
legume species native to the Mediterranean basin, 
which is well adapted to the local environmental 
conditions of the target site (Woodgate et al., 
1999). 

On the other hand, sulla was the dominant 
species in the reseeded plots, reaching 95% of the 
vegetation cover. This species outcompeted other 
native species. If the farmer main concern is to 
produce quality forage, then this could be a suitable 
option. However, if the objective is to enhance 
biodiversity, then it may be important to designate 
only certain areas for reseeding with sulla and 
using these areas as forage banks or chemoscapes 
(Villalba et al., 2019). These findings demonstrate 
both the potential and the challenges of pasture 
rehabilitation where high evapotranspiration and 
erratic rainfall prevail. 

Conclusion
Current practices to improve degraded 
agrosilvopastoral production systems are clearly 
unsustainable. To reverse this negative trend, 
alternative sustainable rangeland management 
practices (SRMP) must be developed. Any sound 
SRMP should consider significantly increasing 
the productivity from the same area of land 
while at the same time limiting negative impacts 
on the environment. In this regard, silvopastoral 
management creates an environment where trees, 
forage, and livestock can be developed to their 
full economic potential. In fact, well managed 
silvopasture can significantly reduce the cost of 
winter feeding.

This study focused on sulla reseeding as a SRMP 
aimed to restore degraded agrosilvopastoral 
systems in semi-arid Tunisia. Using well adapted 
native legume species has improved significantly 
the aboveground biomass offering enough green 
fodder during the lean period of the year and a 
very rich diet in crude protein for the livestock, 
which guarantees a more sustainable livelihood of 
the local agrosilvopastoral communities. Further 
studies are needed to evaluate the impact of sulla 
reseeding on soil quality and other environmental 
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impacts such as control of soil and water erosion 
over time. Nevertheless, these preliminary findings 
have demonstrated the importance of reseeding for 
the rehabilitation of degraded agrosilvopastoral 
systems across the semi-arid areas of the 
Mediterranean basin. 
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Abstract
Using results from official variety testing in Sweden, long-term changes (1964-2018) in total annual 
dry matter (DM) yield for pure stands of red clover (Trifolium pratense) and timothy (Phleum pratense) 
were analysed and compared for two Swedish trial site areas: a central area (59.6-61.5°N) and a southern 
area (55.5-57.0°N). All trials were managed using a standard protocol, with only minor changes over 
time. On average for all varieties of timothy in the trials, there was an increase of 91.6 kg ha-1 in total 
DM yield in the first harvest year, probably due to genetically improved varieties, increasing from two 
to three cuts and a changing climate. For red clover, there was a lower yearly increase of 45.9 kg ha-1 
in total DM yield in the first harvest year. Four-fold larger variation in red clover yield was seen in the 
second half of the study period (after 1993) compared with the first, possibly due to a more fluctuating 
climate, particularly in winter, and more overwintering damage. In timothy, the variation in yield over 
the entire period was more stable, but still increased by around 80 % in the second half of the period 
compared with the first. For the most frequently included timothy variety, SW Kämpe II, which was 
present in trials between 1965 and 2001, total DM yield in the first harvest year (96.8 kg ha-1) was similar 
to the trial mean over the period for all timothy varieties. For the most frequently included red clover 
variety, Hermes II (present 1955-1996), total DM yield in the first harvest year increased by 33.2 kg ha-1, 
i.e., less than the trial mean for that species.

Introduction
In Sweden, forage production from temporary 
leys in a multi-cut system is the major crop in 
agricultural areas, especially in northern Sweden. 
The dominant species in Swedish leys are red 
clover and timothy, for which breeding and variety 
testing has long been performed. 

Long-term yield data are important when 
investigating changes in forage crop yields and 
determining the causes. For example, a study by 
Niemeläinen et al., (2020) based on over 40 years 
of data clearly showed that total annual DM yield 
in variety testing in northern Finland had increased 
substantially, due to climate change and possibly 
improvements in breeding and crop management 
over time. Long-range data series, in some cases 
dating back to 1955, are available from official 
variety testing in Sweden (https://www.slu.se/
faltforsk).

Materials and methods 
Based on the results of official variety testing in 
Sweden, long-term changes (1964-2018) in total 
dry matter (DM) yield of pure stands of red clover 

and timothy were analysed and compared for two 
trial site areas: a central area (59.6-61.5°N) and a 
southern area (55.5-57.0°N). Mean total DM yield 
in the first harvest year for all varieties included in 
each trial, and in all trials per area and year, was 
used in the analysis. Two varieties, one of timothy 
and one of red clover, that were represented in trials 
in many years during the study period were also 
analysed for long-term yield changes, using mean 
DM data for all trial sites. The Department of Crop 
Production Ecology at the Swedish University of 
Agricultural Sciences is responsible for official 
variety testing in central and southern Sweden.

All trials were managed using a standard protocol, 
with only minor changes over time. The trials 
were normally undersown with a companion crop 
annually and lasted for two or three production 
years. In the central area a two-cut system 
dominated before 2010, but otherwise three cuts 
were taken per season. Annual nitrogen fertiliser 
application rate increased slightly over time at the 
start of the study period, but after 1997 was 190 kg 
N ha-1 in the two-cut system and 280 kg N ha-1 in 

https://www.slu.se/faltforsk
https://www.slu.se/faltforsk
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the three-cut system. Plot size in the trials studied 
was 15-20 m2. The first cut of timothy was taken 
when the control variety was in heading stage, 
i.e. when half the panicle was visible on 50% of 
shoots. The first cut of red clover was taken when 
the first buds were visible on the control variety.

The species data were statistically analysed 
using calendar year, geographical area and time 
period as fixed factors in procedure Mixed model 
in SAS Version 9.4 (SAS Institute Inc. 2010). 
Akaike Information Criterion (AIC) was used to 
test statistical model fit to the data. The repeated 
statement in procedure Mixed model was used to 
estimate covariance parameters in different time 
periods, which enabled comparison of variance. 
The statement solution gave the slope for a linear 
regression. The data were divided into two sub-
periods at around 1992-93, a breakpoint when a 
change was seen in the plots. 

Results
On average over all varieties of timothy in the 
trials, there was a yearly increase of 91.6 kg ha-1 
in total DM yield in the first harvest year over the 
period, as seen from the slope of linear regression 
values in Table 1. For red clover, there was a lower 
yearly increase of 45.9 kg ha-1 in total DM yield 
in the first harvest year. In the whole period, year 

was significant (Table 1). The interaction between 
year and area was not significant, meaning that 
the yield increase trend was similar in the central 
and southern areas. On dividing the data for red 
clover into two sub-periods, a four-fold larger 
variation in yield was seen in the second sub-
period compared with the first. This was confirmed 
by large differences in covariance parameter 
estimates (Table 2). Dividing the data into two 
sub-periods gave also substantially lower (better) 
AIC value in the statistical model, which meant 
that the statistical model for red clover had a better 
fit. In this case, year had no significance, meaning 
that the increase over time was not significant in 
the two sub-periods. In timothy, the variation in 
total DM yield in the first harvest year over time 
was more stable, increasing by around 80% in the 
second sub-period compared with the first. The 
improvement in AIC value between the statistical 
models was smaller for timothy, but the yield 
increase was significant in both the whole period 
and the two sub-periods. As seen for red clover, 
the interaction between year and area was not 
significant, i.e. the same trend of yield increase 
was seen in both areas.

Table 1: Statistical details of the four datasets each 
for timothy and red clover in total DM yield in the 
first harvest year

Dataset, species, 
variety Period, 

year Area*
No. of 
obs.

Yield range, 
kg DM ha -1

Signif. 
of year, 
p-value

Slope of 
regres-
sion

AIC 
value

Red clover 1967-2018 S, C 91 2581-16140 0.0252 45.9 1649.3
Red clover 1967-2018 S 49 2397-16140 NS 17.9 1631.1
Red clover 1967-2018 C 42 2581-14498 NS 41.3 1631.1
R. clover, Hermes 
II 1955-1996 S, C 42 5810-11033 0.0238 33.2 -
Timothy 1964-2018 S, C 106 3943-16693 <0.0001 91.6 1774.6
Timothy 1964-2018 S 53 3983-15467 <0.0001 93.1 1772.7
Timothy 1964-2018 C 49 3943-16693 <0.0001 91.0 1772.7
Timothy, Kämpe II 1965-2001 S, C 35 5560-13059 <0.0001 96.8 -

*S = southern Sweden (55.5-57.0°N; C = central Sweden (59.6-61.5°N). NS = non-significant.

The most frequently included timothy variety was 
SW Kämpe II, which was present in variety testing 
between 1965 and 2001, a total of 37 years. Its 
total DM yield in the first harvest year showed a 
similar increase to the trial mean for timothy over 
the study period, but with strong significance of 
year (Table 1). The most frequently included red 

clover variety was Hermes II, which was present 
in variety testing between 1955 and 1996, a total 
of 42 years. Total DM yield in the first harvest year 
increased by 33.2 kg ha-1 for that variety, which 
was slightly lower than the trial mean for red 
clover, with year again being significant.
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Table 2: Covariance parameter estimates for timothy and red clover varieties tested in southern and 
central Sweden

Species Period No. of obs. Covariance parameter 
estimate

Change within species, 
%

Red clover 1967-1992 51 3089975 100
Red clover 1993-2018 40 12708118 411
Timothy 1964-1993 54 3407080 100
Timothy 1994-2018 46 6106507 179

Discussion 
Statistical analysis clearly showed that the yield 
increase over 37 years in timothy was two- to 
three-fold larger than that seen over 42 years in red 
clover. This large difference between the species 
may have several explanations. It is known that red 
clover has more problems with winter damage than 
timothy in the Swedish climate, and it is perhaps 
also more difficult to increase yield by breeding 
in red clover than in timothy. The results showed 
increasing yield variation and a diminishing yield 
increase over time, mainly for red clover. This 
could be an effect of much more unstable winters 
with more frequent fluctuations between cold 
and warm weather, creating more damage from 
diseases and physical damage from water and 
ice. The yield increase in timothy was probably 
attributable to genetically improved varieties, 
increasing from two to three cuts and a changing 
climate. Weather data from the corresponding 
sites were not analysed, but Niemeläinen et al., 
(2020) observed a clear increase in temperature in 
northern Finland over the past 40 years, resulting 
in a three-fold increase in total DM yield for 

timothy in the first harvest year. This represented 
a yearly increase of 156 kg DM ha-1, which is a 
71% higher than found for timothy in the present 
study. One reason could be that their site (Apukka) 
was at latitude 66.6°N, which is around 6° farther 
north that the central Sweden area in this study, 
so temperature had a more dramatic effect. The 
projected annual yield increase in timothy in 
Canada for the period 2040-2069 is 15-82 kg DM 
ha-1 (Jing et al., 2014), which is less than the ~92 
kg DM ha-1 found here for the period 1964-2018. 
In the Canadian projections, one additional change 
to the weather effect was going from two to three 
cuts in the harvest system. This can also be one 
reason for the increase seen in the Swedish data.
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Abstract
Sustainably stewarding grassland systems involves applying various practices to manipulate forage 
interactions with other plants, the environment, and grazing animals to meet resource manager objectives. 
These interactions can result in invasion or encroachment and increased abundance of weeds which 
hinder attainment of management objectives. Weeds influence the structure and function of pasture 
ecosystems whether forages are grown in improved pastures, rangeland, or grassland communities. 
They degrade pasture quality and reduce livestock performance by interfering with forage establishment, 
yield, and quality by competing for resources. Weeds reduce the feed value of forage, decrease pasture 
carrying capacity, and can be toxic or unpalatable to livestock.  Managing weeds requires use of 
vegetation management tools that favor desirable forages.  Herbicides can be  catalysts that expedite 
grassland renovation, improve the forage resource, and increase carrying capacity.  Corteva Agriscience 
has a variety of herbicide products that provide superior control of herbaceous and woody weeds, 
while maintaining the desirable vegetation.  These herbicides were designed and developed specifically 
for selective broadleaf weed control in rangeland, pastures, rights-of-way, non-cropland, and natural 
areas.  Active ingredients historically used include aminopyralid, triclopyr, fluroxypyr, clopyralid, and 
picloram.  Rinskor™ active and Arylex™ active are new herbicide active ingredients from Corteva 
Agriscience™ and are members of a unique synthetic auxin chemotype, the arylpicolinates (HRAC 
group O / WSSA group 4).  Members of the arylpicolinate family demonstrate novel and differentiated 
characteristics in terms of use rate, spectrum, weed symptoms, environmental fate, and molecular 
interaction as compared to other auxin chemotypes. When applied as a stand-alone treatment or in 
various mixes these products are safe to desirable grass species and control key herbaceous and woody 
weeds in the genera Ambrosia, Acacia, Carduus, Centaurea, Cirsium, Mimosa, Prosopis, Ranunculus, 
Rumex, Sida, Solanum, Taraxacum, and more. 

Introduction
Grasslands are the foundation upon which 
livestock performance, ranch profitability, 
livestock farmer sustainability and subsistence are 
built.  Without a healthy, well-managed grassland 
resource the genetic potential of livestock will not 
be realized. Grassland systems involve applying 
various practices to manipulate forage interactions 
with other plants, the environment, and grazing 
animals to meet resource manager objectives 
(Masters et al., 1996). These interactions can 
result in invasion and increased abundance of 
weeds, which hinder attainment of management 
objectives. A weed is a plant that is growing in 
the wrong/undesired place? Weeds can be toxic 
or unpalatable to grazing animals, can compete 
with desirable plants for light, space, water and 
nutrients, can be  aesthetically unpleasing, or  
declared as noxious by government authorities and 

must be controlled (Barnhart et al., 2005). Weeds 
influence the structure and function of grassland 
ecosystems whether they are improved pastures, 
rangeland, or other grassland communities. 
Weeds interfere with the establishment, yield, and 
quality of grasslands by competing for resources 
such as light, space, nutrients, or water and/or by 
producing and releasing allelochemicals (Smith 
1991) that inhibit growth and development. Weeds 
often reduce the feed value of forages and can 
be toxic or unpalatable to livestock (Marten et 
al., 1987). Weeds can also reduce the feed value 
of grasslands, decrease animal carrying capacity, 
and can be toxic or unpalatable to livestock.  
Vegetation manipulation is the only practical way 
to increase forage for livestock and to improve 
wildlife habitat on some grasslands (Holechek et 
al., 2004) especially when land prices prohibit 
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the acquisition of more acreage.  It is therefore 
important that grassland managers know what 
constitutes the desired plant community (DPC) 
based on their management objectives for the land.  

The concept of DPC is consistent with prevailing 
state and transition and steady state models of 
vegetation change (Westoby et al., 1989) and 
can empower land managers to design a plant 
community to meet management objectives, 
consider trade-offs such as benefiting grassland 
wildlife at the expense of woodland species and 
allows them to take a broader “systems” perspective 
that balances needs of wildlife in conjunction with 
other ecosystem services affected by woody plant 
encroachment and brush management (Fulbright 
et al., 2018).

Prevention, control and eradication are basic weed 
management strategies.  In practice, prevention and 
eradication can be difficult to attain and managing 
or controlling the weed or brush invasion is often 
a more prudent and achievable outcome. Using 
any single technology to control weeds results in 
a slow rate of grassland recovery while integrated 
use of complimentary and possibly synergistic 
vegetation management technologies accelerates 
progress toward higher quality rangeland (Masters 
and Nissen 1988).  Removing weed species with 
a single, specific control measure may only open 
niches for other undesirable species to occupy or to 
be reinvaded by the same species unless desirable 
species are present to fill the vacated niches 
(Masters and Sheley 2001). Where desirable 
species are either not present or in low abundance, 
plant community recovery will be slow or will not 
occur without revegetation (Masters et al., 1996).

Weeds can also affect grazing distribution as 
reported by Sather et al., (2013) who found 
that three months after herbicide application, 
cattle distribution was 1.3 to 5 times greater in 
herbicide treated compared to nontreated portions 
of pastures. In addition to improving the grazing 
distribution, herbicide use can significantly 
improve grassland forage productivity by as 
much as 2.8 to 7.5 times the non-treated grassland 
(Sheley et al., 2000).  Herbicides can be catalysts 
that expedite grassland renovation, improve the 
forage resource and grazing distribution, and 
increase carrying capacity.  Corteva Agriscience 
has a variety of herbicide products that provide 
superior control of herbaceous and woody weeds.  
These herbicides were designed and developed 
specifically for selective broadleaf weed control in 

rangeland, pastures, rights-of-way, non-cropland, 
and natural areas.  Active ingredients historically 
used include aminopyralid, triclopyr, fluroxypyr, 
clopyralid, and picloram.  Rinskor™ active 
and Arylex™ active are new herbicide active 
ingredients from Corteva Agriscience™ and are 
members of a unique synthetic auxin chemotype, 
the arylpicolinates (HRAC group O / WSSA group 
4) and have also being successfully introduced for 
use in grasslands.  Members of the arylpicolinate 
family demonstrate novel and differentiated 
characteristics in terms of use rate, spectrum, weed 
symptoms, environmental fate, and molecular 
interaction as compared to other auxin chemotypes 
(Epps, et al., 2016, McCauley and Young 2019). 
When applied as a stand-alone treatment at 
recommended rates or in various mixes these 
products are safe to desirable grass species and 
control key herbaceous and woody weeds in the 
genera Ambrosia, Acacia, Carduus, Centaurea, 
Cirsium, Mimosa, Prosopis, Ranunculus, Rumex, 
Sida, Solanum, Taraxacum, and more.

Materials and methods 
Trials were established in multiple years and 
using multiple application methods such as 
aerial, ground broadcast, and foliar individual 
plant treatment (spot treatment),.  All treatments 
were prepared and applied at the timing based on 
label recommendations and application volume 
ranged from 50 liters per hectare (L ha-1) for aerial 
broadcast to 400 L ha-1 for ground broadcast.  
Trials were established in Randomized Complete 
Block Design with a minimum of 3 replications. 
In some instances, data represent trials repeated 
multiple years and sometimes the data represents 
multiple trials within a year. All treatments were 
applied at the recommended growth stage for the 
target species that would provide optimum control. 
Visual estimate of percent control was taken on 
a scale of 0 to 100% where 0% is no effect and 
100% represents complete mortality of the target 
species. The interval from treatment application 
to each evaluation varied based on weed type 
(annual, perennials, woody or brush) and for many 
species will have an evaluation at 1 and 2 years 
after treatment (YAT).

Results
Mesquite (Prosopis spp.) is a problem species 
in grasslands across multiple regions of the 
globe including North America, South America, 
Africa, and Australia and can be difficult to 
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control regardless of the method used.  In trials 
established in Texas, USA, 2009 to 2011 the newly 
developed Sendero® herbicide (aminopyralid 60 g 
ae + clopyralid 276 g ae L-1) applied at 2 L ha-1 
provided 76±11% control of mesquite two years 
after treatment (YAT) compared to 64±18% 
control for what was then the industry standard 
treatment of triclopyr + clopyralid at 280+280 
g ae ha-1.  In Argentina (2YAT) and Paraguay 
(1YAT), P. ruscifolia was effectively controlled 
by Sendero by individual plant treatments (spot 
treatment) and broadcast applications at 2 and 4 
L ha-1, respectively compared to aminopyralid + 
fluroxypyr (40 + 80 g ae L-1) at 3 and 6 L ha-1. These 
trials and others conducted since, then confirmed 
that Sendero® provided increased efficacy, but also 
more consistency of control compared to triclopyr 
+ clopyralid, aminopyralid + fluroxypyr, and other 
products that were previously being used.  Acacia 
spp., broadly distributed in a geographical area 
similar to mesquite and is often cohabiting an 
area, is effectively controlled by Sendero as spot 
treatment, ground or aerial broadcast.  In Paraguay, 
Sendero provided 93 and 100% control of A. caven 
at 275 days after treatment with 3 and 4 L ha-1, 
respectively.  Picloram + fluroxypyr at 240 + 240 
g ae ha-1 provided 75% control. 

Many desirable species are often intermixed as 
secondary species to mesquite and regardless of 
the management practice used, care must be taken 
to reduce the impact on these desirable species.  
Ansley et al., (2020) evaluated the tolerance level 
of secondary brush species over many years to 
herbicide treatments targeting mesquite and mixed 
brush in Texas, USA, beginning in 2013.  Sites 
were evaluated at 3 months, 1 year and 2 years 
after initial treatment, which was usually from 
June to July.  At 1 and 2YAT, evaluations were 
made of percent canopy reduction and percent 
mortality and categorized into one of 4 categories 
– Tolerant, Moderately Tolerant, Moderately 
Susceptible, and Susceptible. For Sendero, 27 of 
30 species evaluated were characterized as tolerant 
while key target species, mesquite and honey 
locust (Gleditsia triacanthos) were characterized 
as susceptible. 

Canada thistle (Cirsium arvense L.) is a long-
lived perennial with deep roots and rhizomes 
that make it difficult to control and allows it to 
propagate sexually and asexually.  Aminopyralid 
is very effective at controlling Canada thistle with 
much lower use rates than other commonly used 

herbicides such as picloram, clopyralid, and 2,4-D 
which typically utilize much higher rates of active 
ingredient per unit area.  At 2YAT, trials conducted 
across 5 sites in the United States (North Dakota 
(2), Nebraska, Virginia, and Washington state) 
showed that control provided by aminopyralid 
at 105 g ae ha-1 was 92% compared to picloram 
at 420 g (89%), clopyralid at 420g (73%), and 
dicamba at 560 g (47%).

When aminopyralid is combined with florpyauxifen-
benzyl (Rinskor® active) or halauxifen-methyl 
(Arylex® active), two new active ingredients in 
the arylpicolinate family that demonstrate novel 
and differentiated characteristics, the total amount 
of active ingredient per unit area is reduced and 
a wider spectrum of weeds can be controlled.  
Aminopyralid + halauxifen-methyl (75 + 4.5 g 
ae ha-1) provided significantly better control of 
Sida rhombifolia and Sida acuta when averaged 
across trials in Colombia, Costa Rica, and Mexico 
in 2018 and 2019, compared to picloram + 2, 4-D 
(256 + 960 g ae ha-1) and aminopyralid + 2,4-D 
(160 + 1280 ae ha-1).  Similarly, aminopyralid + 
florpyrauxifen-benzyl (70 + 7 g ae ha-1) provided 
better control of multiple annual and perennial 
weeds in United States pastures compared to 
aminopyralid + 2,4-D (86 + 700 g ae ha-1). 

Discussion [Conclusions/Implications]
Tracy and Sanderson (2004) reported a ‘consistent 
negative relationships between forage species 
diversity and weed abundance’, therefore, 
maintaining a diverse community of desirable 
species is a recommended management practice. 
Technologies are available for managing weeds 
and brush in grasslands but to be successful in 
the long term, an integrated weed management 
program should be incorporated into grassland 
management plans (DiTomaso et al., 2010).  
While these technologies are readily available for 
use, it will be important to also focus on pasture 
and grazing management overall.  Huwer et al., 
(2002) found that while pasture management 
alone had no effect on weed biomass, the use of 
pasture management with herbicide strategies led 
to overall effective long-term weed control.  When 
brush canopy cover from mesquite is low it is not 
considered a problem for grass production.  Lyons 
and Rector (2020) reported that when canopy cover 
nears 20 percent, mesquite competes with grass 
for water and nutrients.  Reducing competition 
from mesquite by killing or suppressing the plants 
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has been shown to increase grazing capacity by 7 
to 16% over a 4-year period on light and heavy 
infested pastures, respectively (McDaniel et al., 
1975).

Many managers are now managing grasslands 
for livestock production as well as wildlife and 
sometimes wildlife the more important economic 
factor, so vegetation management is focused on 
that.  Ansley et al., (2020) explores integrating 
herbicides in wildlife habitat management but 
also provides information on the tolerance of a 
wide range of shrubs to applications of certain 
herbicides targeted at controlling Prosopis spp.  
Many managers will take action to control Prosopis 
but want to reduce the impact on desirable shrubs 
in the habitat.  In some instances, strips of brush or 
weeds will be left intact in grasslands to provide 
cover, browse or feed for a variety of wildlife.

Weeds degrade grassland quality and reduce 

livestock performance by interfering with forage 
establishment, yield, and quality by competing for 
resources. They reduce the feed value of forage, 
decrease pasture carrying capacity, and can be 
toxic or unpalatable to livestock and wildlife.  
Left unchecked, weeds can significantly reduce the 
habitat quality for wildlife and reduce ecosystem 
services.  Herbicides can be a catalyst that expedite 
grassland renovation, improve the forage resource, 
and increase carrying capacity or rehabilitate 
habits for wildlife. Findings from our research 
show that herbicides offer selectivity to desirable 
grasses and many other desirable species while 
simultaneously being more effective at controlling 
troublesome weeds or brush in grasslands around 
the globe.  
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Abstract
To effectively utilize locally available feed resources for dairy cattle in Africa, fermented total mixed 
ration (TMR) was prepared using Napier grass, corn meal, wheat bran, formula feed, and mineral and 
vitamin mix. The fermentation quality of TMR were analyzed after 14 days of ensiling. Before ensiling, 
aerobic bacteria were the dominant bacteria, after ensiling, lactic acid bacteria counts increased rapidly 
and became the dominant bacteria in TMR. After 14 days of ensiling, aerobic bacteria, coliform bacteria, 
yeasts, and molds showed lower (P < 0.05) counts in TMR than those before ensiling. The dry matter 
(DM) of TMR was adjusted to 45.50%, their crude protein and neutral detergent fiber contents were 
approximately 11.48, and 55.25% of DM, respectively. After 14 days of ensiling, TMR fermented to 
a good quality, the pH was reduced to 3.90; the lactic acid and ammonia nitrogen contents were 1.01 
and 0.31% of FM, respectively; the propionic acid and butyric acid were too low to detect. The results 
confirm that fermented TMR prepared with local feed resources can attain a good quality in Africa.

Introduction
The principal constraint on livestock production 
in African dairy farms is feed shortage, in 
terms of both quantity and quality. Napier grass 
(Pennisetum purpureum Schum.) is a particularly 
important forage used in the feed of dairy cattle 
on large- and small-scale farms in Africa (Kebede 
et al., 2018) due to its perennial vegetative cycle, 
drought tolerance, rapid regrowth, and high dry 
matter (DM) yield. Traditional livestock feeding 
methods in countries such as Mozambique consist 
of simple grazing on native grassland, with 
crop by-products used as supplementary feed. 
However, this feeding pattern cannot meet the 
nutritional requirements of dairy cattle, and low-
quality roughage decreases animal production and 
quality (Wiedmeier et al., 2002). The fermented 
total mixed ration (TMR) ensures year-round 
availability of balance nutritious and palatable 
feed for ruminant, and now it is used as a good feed 
conservation method worldwide for animals (Cao 
et al., 2010). TMR can be prepared using roughage, 
concentrates and mineral-vitamin premix through 
the combination of crop and food by-product, feed 
additives and trace element into a single-mix feed 
to satisfy animal nutrient requirements. However, 

limited information is available on the use of TMR 
composed of fresh forage, crop by-products, and 
concentrates in Africa. The purpose of this study 
was to examine the microbial populations and 
ensiling characteristics of TMR prepared with 
local available feed resources. 

Materials and methods
The TMR was conducted at an experimental farm of 
the Agricultural Research Institute of Mozambique 
(IIAM, Matola, Mozambique) in May 2018. 
The experimental treatments were local general 
diet (LGD, control) and TMR. Native grass was 
obtained from a representative natural grassland 
in Matola, Mozambique. The LGD is comprised 
of 40% native grass, 40% Napier grass (second-
cutting at the early flowering stage), 18% corn 
meal, and 2% mineral and vitamin mix on a DM 
basis. The TMR consisted of 50% Napier grass, 
15% corn meal, 15% wheat bran, 18% formula 
feed, and 2% mineral and vitamin mix on a DM 
basis. After harvest, the fresh forages in the LGD 
and TMR treatments were chopped into 1–2 cm 
long pieces before ensiling using a chopper (130 
DX, ARS Co., Ltd, Osaka, Japan). After mixing 
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the ingredients, the fresh samples of forage, 
concentrate, LGD, and TMR were collected on the 
day of cutting in triplicate to determine chemical 
composition and microbial population. 40 kg of 
remaining TMR materials was randomly divided 
into 5 equal parts, and then approximately 8 kg 
of material was packed separately into one 20 L 
polyethylene drum (Ka-Kosher Co., Ltd, Sinaloa, 
Mexico) silo for each replicate. Three silos were 
prepared for each treatment. All silos were kept 
at ambient temperature (25–38°C). After 14 days 
of fermentation, three of five silos were randomly 
opened to analyze the microbial population, 
chemical composition, and fermentation quality 
of fermented TMR. The microbial colonies were 
counted as viable numbers of microorganisms 
in log 10 colony-forming unit (cfu)/g on a fresh 
matter (FM) basis.

Results and Discussion 
The DM values of Napier and native grass were 
20.40 and 24.44%, and their crude protein (CP) 
contents were 7.35 and 10.46% on a DM basis, 
respectively (Fig. 1). DM, CP, and ether extract 
(EE) content were higher (P < 0.05) in the TMR 
and fermented TMR treatments than in the LGD 

treatment, whereas neutral detergent fiber (NDF) 
and acid detergent fiber (ADF) contents were 
lower (P < 0.05). The chemical composition did 
not differ markedly between TMR and fermented 
TMR, indicating that TMR fermentation preserves 
well for feed nutrients. The low lactic acid bacteria 
(LAB) counts and high aerobic bacteria counts 
were observed in fresh grasses, LGD, and TMR 
before ensiling (Fig. 2). However, fermented TMR 
displayed satisfactory fermentation quality. LAB 
remained the dominant population in fermented 
TMR compared to other microorganisms related to 
silage fermentation. After 14 days of ensiling, mold 
counts were below detectable levels in fermented 
TMR. The fermented TMR silage was of good 
quality, with high lactic acid content (1.01% of 
FM), and a relatively low pH (3.90) and ammonia 
nitrogen (NH3-N) values (0.31 % of FM), and the 
propionic acid and butyric acid were not detected 
(Fig. 3). These results suggest that epiphytic LAB 
grew well in the TMR fermentation environment 
and produced sufficient lactic acid to inhibit the 
growth of other harmful microorganisms such as 
bacteria and reduce silage pH, resulting in high-
quality of fermented TMR.

Figure 1: Chemical composition of Native grass, Napier grass, local general diet (LGD), total mixed 
ration (TMR) and fermented TMR.
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Figure 2: Microbial population of native grass, Napier grass, local general diet (LGD), total mixed 
ration (TMR) and fermented TMR.

Figure 3: Fermentation quality of fermented total mixed ration (TMR) silages after 14 days of 
fermentation.
Conclusions
TMR prepared with local available resources 
was well preserved and abundant in nutrients for 
livestock, therefore, that fermented TMR is well 
suited for feed preservation and may be used as an 
alternative feed source for dairy cattle in Africa.
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Abstract
The study was aimed at profiling the mineral contents of Panicum maximum var Ntchisi as influenced 
by organic (poultry) nitrogen rate and age at harvest. The study was carried out at the organic research 
farm of the Federal University of Agriculture, Abeokuta, Nigeria in 2016. The experiment was laid in a 
4 x 3 factorial arrangement in a split plot design with four (4) organic nitrogen rate (0, 100, 200 and 300 
kgNha-1) as the main plot and three (3) age at harvest (4, 8 and 12 weeks after cutback) as the subplot 
which amounts to twelve (12) treatment combinations with four replicates. The macro mineral contents 
were significantly (P<0.05) influenced by the nitrogen rate. The calcium (Ca) content was up to 4.35 
gkg-1DM for the grass at 0 KgNha-1 which was the highest value. The magnesium (5.59 – 8.43 gkg-1DM) 
content had a linear increment with increased nitrogen rate. The potassium content ranged from 15.58 
to 30.80 gkg-1 DM with the grass fertilized at 0 KgNha-1 having the highest K content. The phosphorus 
was linearly (P<0.05) influenced with the grass fertilized at 300 KgNha-1 with the highest (1.78 gkg-

1DM) content. The micro mineral contents were significantly (P<0.05) influenced by the nitrogen rate 
though without a definite pattern. The macro and micro mineral contents were significantly (P<0.05) 
influenced by age at harvest except for the copper content. The macro mineral contents decreased with 
advancement in age at harvest. It was concluded that the grass harvested at younger age will make a 
good feed resource in terms of mineral requirement of ruminants in the tropics.

Introduction
Minerals are important to the health and well-
being of ruminant animals in the tropics as their 
deficiency as well as abundance could amount 
to low productivity. Minerals are required by 
both plants and animals in critical and balance 
amount, the excess and deficiency both reduces 
the efficiency of vegetation and dependant 
livestock production (Dele 2012). Majorly, the 
deficiencies of these mineral elements are more 
pronounced. Forages are the major sources of 
minerals in the diets of ruminants in the tropics. 
The natural pasture is considered the major source 
of forages which is given little or no management 
input, thereby supplying insufficient nutrient 
and biomass (Mohammed-Saleem 1994). Sown 
pasture, which is a purposely managed pasture 
with better nutrient and carrying capacity is been 
considered the way to go (Onifade et al., 2005; Dele 
2008). Panicum maximum is a major grass in the 
tropics with relatively high biomass and nutrients 
if management inputs like fertilizer/manure are 
applied as well as good cutting/grazing schedule 
are employed. Hence, this paper reports the effect 
of organic nitrogen rate and age at harvest on the 

mineral composition of P. maximum var. Ntchisi. 

Materials and methods 
The field trial was carried out at the Organic 
Research farms and laboratory of the Department 
of Pasture and Range Management, Federal 
University of Agriculture, Abeokuta, Nigeria. The 
experimental site was ploughed twice and harrowed. 
Composite soil samples were randomly collected 
from the site at the depth of 0-30 cm. The soil 
samples were thoroughly mixed and sub-samples 
taken for analysis to determine the pre – planting 
nutrient status of the soil. The poultry manure 
was applied and incorporated into the soil two 
weeks prior to planting to enhance mineralization 
and the plots were weeded throughout the period 
of the experiment. The P. maximum var. Ntchisi 
was planted through vegetative propagules which 
were sourced from established plots. The grass 
was planted at 50 cm intra rows and 50 cm inter 
rows with each plot having a dimension of 3 m x 
5 m with total experimental area measuring 1680 
m2 which was sub- divided into four blocks. The 
study was a 4 x 3 factorial experiment in a split-
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plot design making a total of twelve (12) treatment-
combinations with four (4) replicates. The poultry 
manure rate (0,100, 200 and 300 KgNha-1 ) was 
allotted to the main plot while the age at harvest 
(4, 8, 12 weeks after cutback (WAC)) was allotted 
to the sub-plot. The poultry manure was also 
analyzed to know its nutrient composition (N (g/
kg) 30.2, P (g/kg) 10.6, K (g/kg) 10.3, Ca (g/kg) 
37.2, Mg (g/kg) 17.3, Na (g/kg) 2.1, Fe (mg/kg) 
630.9, Zn (mg/kg) 75.4, Cu (mg/kg) 32.7 and Mn 
(mg/kg) 217.9) prior to application as this was 
use to determine the quantity of manure applied 
per subplot. At each age at harvest, samples were 
harvested and oven-dried at 600C until constant 
weight was achieved and the dried samples were 
milled to pass through a 2 mm sieve and thereafter 
stored up before analysis. The samples were 
analyzed for some macro minerals (Ca, P, K and 
Mg) and micro minerals (Cu, Zn, Mn and Fe). 
The concentration of Potassium (K) was estimated 
with a flame photometer after wet digestion in 
nitric acid and per chloric acid. Concentration of 
Calcium, Phosphorus, Magnesium, Manganese, 
Cobalt, Copper and Zinc were determined with 
atomic absorption spectrophotometry (Fritz and 
Schenk, 1979). Data collected were analyzed 
using the General Linear Model Procedure of SAS 
(1999) computer package.

Results
The mineral contents were significantly (p<0.05) 
influenced by the organic nitrogen rate. The 
calcium ranged from 2.76 gkg-1DM to 4.35 gkg-

1DM with the P. maximum not fertilized having 
the highest value. The phosphorus content was 
directly related to the rate of organic nitrogen. The 
age at harvest was observed to affect the macro-
minerals with the macro-elements decreasing with 
maturity. With the exception of copper which was 
not significantly (p>0.05) affected others were 
affected by the age at harvest. The manganese 
decreased with advancing maturity while other 
micro-element had no definite pattern. 

Discussion
The values recorded for Ca content of the grass 
understudied as influenced by the organic nitrogen 
rate in this study is in consonance with the report 
of Chang et al., (1994) in which the Ca content 
of zero manured Barley had higher concentration. 
This might be as a result of salinity associated 
with manure application (Chang et al., 1991), 
also chelating properties of manure could be 
responsible in which elements such as calcium are 
bond into a chelate with the soil colloids which 
are thereafter released. The value of phosphorus 
increasing with increased organic nitrogen rate is 
in line with the reports of Almeida et al., (2019) 
and Pinto et al., (2012) which stated that poultry 
manure is a good source of enriching the soil with 
phosphorus. The decline in the phosphorus content 
with maturity could be as result of retranslocation 
of nutrients from leaves during senescence which 
is a strategy to efficiently retain P (Killingbeck, 
1996). The declining Mg concentration in the 
grasses as influenced by age at harvest is line with 
the findings of Cheema et al., (2011). Following the 
report of McDowell (1992; 1997), the grass under 
study is higher in Mg content as the requirements 
of the different ruminant animals are put between 
1-2 g/kg. 

In conclusion, the calcium content of the grass 
is sufficient to meet the nutrient requirement 
of different classes of cattle except that of cows 
nursing calves which will need supplementation. 
The phosphorus content of the grass is sufficient 
enough for growing calves and yearling with 200 
kg weight but for other classes of cattle there will 
be the need for supplementation especially for 
the manured grass and across the age at harvest. 
The grass have sufficient micro-elements to meet 
the nutritional requirement of different classes of 
ruminants
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Figure 1: Effect of organic nitrogen rate and age at harvest on the calcium (a), phosphorus (b), 
magnesium (c) potassium (d), manganese (e), iron (f), copper (g) and zinc (h) content of P. maximum 
var. Ntchisi
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Nutritional characterisation of introduced improved Brachiaria grasses in Rwanda 
 

Mutimura M; Hitimana, P.C.

Rwanda Agriculture and Animal Resources Development Board (RAB). P.O. Box 5016 Kigali, 
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Abstract
A study aimed at characterising nutritive value of introduced Brachiaria grasses in Rwanda was conducted. 
Four Brachiaria grasses including, Brachiaria decumbens cv. Basilisk, Brachiaria brizantha cv. MG4, 
Brachiaria brizantha cv. Piata and Brachiaria cv. Cayman with Panicum coloratum as control were 
planted in two contrasting environments of low rainfall in Kirehe district and acidic soils in Nyamagabe 
district. The experiment was set in a randomized complete block design (RCBD) with four replications 
and the treatments were harvested after 60 days and 90 days. Data collected were dry matter (DM), 
crude proteins (CP), organic matter (OM), cellulose, neutral detergent fibre (NDF), acid detergent fibre 
(ADF) and ash content. Also, in vitro gas production was used to estimate metabolisable energy (ME), 
organic matter digestibility (OMD) and kinetic parameters. The results showed that the DM, CP, NDF, 
ADF, OM, Cellulose and ash were significant difference (P<0.05) among improved Brachiaria grasses 
and increased from 60 to 90 days of harvest except CP which declined with harvesting time. There 
was significant difference (P>0.05) among Brachiaria grasses for ME and OMD. Quickly degradable 
fraction (A) and slowly degradable fraction (B) did differ significantly (P>0.05) but rate of degradation 
(C) varied among species and with harvesting time. Time required producing half of the gas volume 
(T1/2) declined as grasses matured. All improved Brachiaria grasses had better nutritional attributes than 
Panicum coloratum. Grasses planted in the low rain-fall had high nutritive values compared to those 
planted in acid soil prone areas of Rwanda. Nevertheless, the results suggested that improved Brachiaria 
grass could be an alternative forage for dairy farmers in both contrasting environments. 

Key words: In vitro forage characterisation; improved forages; contrasting environment

Introduction
Livestock is one of the most important agriculture 
sector in Rwanda. It provides food and improve 
nutrition, generates income, employment, and is 
the basis of livelihood of over 68% of farmers in 
Rwanda. It also contributes about 14% of national 
agricultural gross domestic product (NISR 2019). 
Despite its significant contribution in Rwandan 
economy, livestock productivity is low in the 
region. One of the major factors contributing to 
low livestock productivity is the inadequate and 
poor-quality roughages. Therefore, exploration 
and wider scale cultivation of high yielding and 
nutritious forage is the most pragmatic option for 
sustainable increase in livestock productivity in 
Rwanda. One of the proven options to increase 
access to high quality forage and enhance livestock 
productivity is a use of improved Brachiaria 
grass in feeding system. The grass is one of the 
important tropical forage grasses of African origin. 
It is widely cultivated in South America and less 
so in Asia, South Pacific and Australia, and has 
demonstrated success in transforming beef and 
dairy industries. It is palatable and nutritious, thus 

feeding livestock on Brachiaria grass significantly 
increases livestock productivity (Mutimura et 
al., 2016; 2018). It can also provide several 
environmental benefits and ecosystem services 
due to its capability to fix atmospheric carbon into 
soils, adapted to drought and low fertility soils, and 
tolerates to pests and diseases. Brachiaria grass 
is considered as climate-smart with multitude of 
adaptive features to alleviate adversity of climate 
changes to agriculture and environment. The 
objective of the study was to evaluate improved 
Brachiaria varieties for adaptation, herbage yield 
and nutritional values so that it can be integrated 
into feeding system of livestock farmers in the 
low rain-fall and acidic soil prone environments 
of Rwanda. 

Materials and methods
Study site

Brachiaria forage trials were established in 
two contrasting environments, the acidic soil 
area (Nyamagabe district) and low rain-fall area 
(Kirehe district). Nyamagabe district is located in 
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the Southern Province (29°56’ E and 2°47’ S). It 
occupies an area of 1,090 km2 with an elevation 
ranging from 1,500 to 2,500 m a.s.l. It receives 
higher average annual rainfall of 1,636 mm than 
Kirehe district (750 mm). However, average 
annual temperature (16.5°C) in Nyamagabe is 
lower than in Kirehe district (21°C). Furthermore, 
the vegetation of Nyamagabe is dominated by 
Eragrostis sp., Hyparrhenia sp., Digitaria sp. and 
Brachiaria decumbens while Kirehe district is a 
Savannas woodland with Xerophilous thickets. In 
addition, soils in Nyamagabe are clayey and acidic 
with a pH ranging from 4.3 to 4.9. Soils in Kirehe 
are of sandy loam texture with lower amounts of 
soil organic matter with a pH > 5.5 (Mutimura and 
Everson 2012). 

Treatments and Study design 

Four improved Brachiaria grass cultivars namely, 
B. brizantha cv. Piata, B. brizantha cv. MG4, 
B. decumbens cv. Basilisk, Brachiaria hybrid 
cv. Cayman and Panicum coloratum (used as 
control) were planted in Nasho sector of Kirehe 
district and in Cyanika sector of Nyamagabe 
district. The experiment was established in a 
randomized complete block design (RCBD) with 
four replications. Each plot size was 4 m x 5 m 
and the space between replication was 1 m. These 
replicated trials were established at one farm in 
each district. 

Before the trial establishment, soil samples from 
all farms under trials were collected for soil organic 
carbon (SOC) and nitrogen (N) determination. The 
SOC and N were 1.89% and 0.16%, respectively 
for Nyamagabe while in Kirehe were 1.26% and 
0.09%, respectively. Trials were established using 
vegetative planting materials during the rainy 
season. Well cured manure was used at the rate 
of 10 tons per hectare. After the establishment 
phase, hand hoe was used to remove the weeds 
from the plots. First harvest was done at 60 days 
after planting while the second was done after 90 
days of age and repeated for two seasons in 2018 
and 2019. Herbage from 1 m2 net harvest area was 
weighed and a sub-sample of 300 g was taken. 
One part of the sample was oven dried at 105oC for 
24 hours for dry matter determination while other 
part was oven dried at 600C for 48 hours and kept 
for subsequent analysis. 

Chemical composition analysis

Grass samples were taken and procedures to 
determine the dry matter (DM), crude protein 

(CP), organic matter (OM), ash, neutral detergent 
fibre (NDF), acidic detergent fibre (ADF) using 
AOAC (1995) methods available at the animal 
nutrition laboratory of Rwanda Agriculture and 
Animal Resources Development Board (RAB). 

In vitro gas production 

In vitro gas production was determined by 
inoculating approximately 200 mg of samples 
with rumen fluid and buffer solutions (Osuji et al., 
1993) in airtight graduated syringes of 100 ml to 
allow anaerobic fermentation. Rumen fluid was 
collected from ethically fistulated steers which 
were kept at RAB, Rubona cattle farm. The steers 
were fed on Rhodes grass (Chloris gayana) with 
permanent access to water. The mixture was 
then incubated at 39±1 °C in a water bath. Gas 
production readings were done at the initial time 
of incubation and then at every two hours up to 
72 hr. 

Data from gas production, metabolizable energy 
and organic matter digestibility were calculated 
according to Menke et al., (1979; Eq. 1 and 2).

OMD (g/kg DM) = 148.8+8.89G24 
+4.5CP+0.651XA     
            Eq. 1

ME (MJ/kg DM) =2.2+0.136G24 + 0.057CP 
+0.0029CP2                             Eq. 
2

Where G24 is the gas volume at 24 h after 
inoculation, CP is crude protein and XA is the ash 
content (g/100 g).

Kinetics parameters of Brachiaria grass samples 
were calculated after fitting the data into the model 
of Schofield et al., (1994; Eq. 3).

)](42[1 tltce
GY −++

=      
               Eq.3.

Y: Total gas volume at time t; G: Maximum 
gas volume at t=∞; c: Degradation rate (h-1); lt: 
Bacteria colonisation or lag time.

Data analysis

Data on DM, CP, cellulose, NDF, ADF, ASH, ME, 
OMD as well as kinetic parameters from feed 
samples were analysed using general linear model 
procedures of SAS (version 9.4, 2018). Least 
significant difference (LSD) with significance 
level of 5% was used for mean comparison.
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Results
Figure 1 shows the dry matter (DM) yield of 
tested grasses. There was a significant difference 
(P<0.05) between sites and harvesting time and 
interaction between site and harvesting time. The 
DM significantly increased from harvest at 60 
days and 90 days. Grasses planted at Nyamagabe 
district had higher DM content than grasses at 
Kirehe district. 

Figure 1: Dry matter production of tested grasses 
in two contrasting selected sites in Rwanda

Results of chemical composition of tested 
grasses showed that crude protein (CP) content 
was different among grass species across sites 
(P=0.006). However, the CP content declined from 
60 to 90 days. Basilisk had the highest CP while P. 
coloratum had the lowest CP. Generally, grasses 
planted in Kirehe district had higher CP content 
compared to grasses planted in Nyamagabe district 
(Table 1). 

Natural detergent fibre (NDF) differed significantly 
among species (P<0.001). The interaction of 
species and harvest time also differed (P=0.003). 
Panicum coloratum had the highest NDF content 
(Table 1). The NDF content of Brachiaria like 
other grasses usually increases with maturity, but 
in Kirehe NDF was slightly decreased in grasses 
from 60 to 90 days of harvest. Furthermore, acid 
detergent fibre (ADF) of tested grasses showed 
significant difference (P=0.012) among species 
and across sites. Panicum coloratum had generally 
the highest ADF and its increase was observed 
from 60 days to 90 days (Table 1). In addition, 
cellulose content in tested grasses also showed 
significant difference (P=0.012) among species 
and the interaction of harvest time and site as 
well. Panicum coloratum had the highest cellulose 
(Table 1). The organic matter (OM) in grasses 
differed significantly (P<0.001) among species, 
between sites, as well as between harvesting time. 
Organic matter of tested grasses increased from 60 
days to 90 days of harvest except for P. coloratum 
(Table 1). 

The Metabolizable Energy (ME) had slightly 
significant difference among species (P=0.053) 
while harvest time was highly significant (P<0.001). 
Also, sites had a significant effect on ME. Even 
though grasses planted in Nyamagabe had higher 
ME than in Kirehe at 60 days, a decrease in ME 
was observed at 90 days in Nyamagabe but their 

values were below of grasses planted in Kirehe 
(Table 1). In addition, organic matter digestibility 
(OMD) was significantly influenced by harvesting 
time, sites and the interaction of harvest time and 
site (P<0.001). There was a decrease of OMD in 
Nyamagabe district from 60 days to 90 days but 
increase with time was observed in Kirehe district 
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for Brachiaria hybrid cv. Cayman, Brachiaria brizantha cv. MG4 and Brachiaria brizantha cv. Piata 
(Table 1). 

Table 1: Content (g/Kg of DM) of CP, NDF, ADF, Cellulose, OM, OMD and ME ( MJ/kg DM) of 
Panicum coloratum and Brachiaria grasses planted in Nyamagabe and Kirehe districts 

Site DAH Species CP NDF ADF Cellu-
lose

OM ME OMD 

 Kirehe

60

Basilisk 182.7 580.9 311.4 298.2 767.1 5.7 335.4
Cayman 145.7 617.1 423.3 324.7 756.4 4.2 263.1
C o l o r a -
tum 155.2 689.7 448 370.1 808.7 4.9 302.1

MG4 146.6 629.7 416.3 345.8 761.3 4.7 292.4
Piata 164.8 605.1 381.5 299.6 759.5 5.2 318.5

90

Basilisk 152 565.2 399.4 256.9 784 4.8 298.7
Cayman 146.2 549.2 374.2 237.5 786.9 4.9 303.3
C o l o r a -
tum 101.9 643.9 500.9 334.8 800.4 4.2 278.2

MG4 133.9 612 454.9 281.5 772.4 5.0 317.1
Piata 144.6 576 406.9 263.7 792.3 5.6 352.9

Nyamagabe

60

Basilisk 198.7 471.9 366.2 255.6 759.1 6.1 348.8
Cayman 174.5 549.3 363.1 273.9 776.9 5.8 347.1
C o l o r a -
tum 161.9 672.7 390.4 289.4 854.4 5.3 318.3

MG4 191.2 550.9 376.6 221.8 775.3 5.8 338.7
Piata 177.2 540.9 364.5 260.6 790 5.6 332.1

90

Basilisk 80.3 656.9 346.1 296.9 823.7 3.3 220
Cayman 86 649.7 358.8 306.4 802.2 3.3 221.5
C o l o r a -
tum 60.1 684.3 399.1 337.3 847.7 3.1 211.8

MG4 109.6 659.9 439.6 270.1 776.6 3.7 240.3
Piata 82.6 674 391.1 300.6 816.6 3.3 217.8

Level of Sig-
nificance

Sp 0.006 <0.001 0.012 0.012 <0.001 0.053 0.112
DAH <0.001 0.003 0.14 0.632 0.004 <0.001 <0.001
Site 0.008 0.721 0.041 0.08 <0.001 0.005 <0.001
Sp*DAH 0.204 0.077 0.577 0.889 0.139 0.174 0.248
Sp*Site 0.229 0.847 0.548 0.171 0.418 0.158 0.128
DAH *Site <0.001 <0.001 0.596 <0.001 0.666 <0.001 <0.001
Sp*DAH*Site 0.78 0.355 0.538 0.959 0.61 0.378 0.352

DAH: Harvesting time; Sp: Forage species 

In vitro gas kinetics parameters of the grasses

There was significant difference (P>0.05) for gas 
production (GP), faster degradable fraction (A) 
and slowly degradable fraction (B) among species, 
across sites and harvest time, as well as their 
interactions (Table 2). The rate of degradation (C) 
differed (P<0.05) among species, harvesting time, 

interaction between species and harvest time, as 
well as interaction species-harvesting time-sites. 
There was an increase of C from 60 days to 90 
days for grasses harvested in Kirehe district while 
a decrease was observed in Nyamagabe district 
(Table 2). In addition, time required to produce 
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half of gas volume (T1/2) differed significantly (P=0.003) with the harvest time. Harvesting grasses after 
90 days led to higher half time than harvest at 60 days and Brachiaria brizantha cv Piata had the shortest 
T1/2 (Table 2). 

Table 2: In vitro digestion parameters including, GP (ml/g DM), A (g/kg DM), B (g/kg DM), C (%/h) 
and T1/2 (h) of grasses planted in Nyamagabe and Kirehe districts harvested at 60 and 90 days

Site DAH Species GP A B C T1/2

Kirehe

60

Basilisk 60.1 0 67.0 0.021 28.2
Cayman 99.2 0 11.9 0.021 26.1
Coloratum 27.0 0 35.6 0.028 27.8
MG4 17.9 0 54.8 0.032 24.6
Piata 37.6 0.1 38.0 0.026 34.1

90

Basilisk 57.5 0 52.5 0.02 51.9
Cayman 21.8 0.0 23.7 0.032 26.6
Coloratum 27.2 0.4 27.1 0.022 38.5
MG4 18.4 0.2 20.1 0.031 23.1
Piata 24.4 0 25.6 0.036 21.1

Nyamagabe

60

Basilisk 20.9 0.8 20.3 0.031 22.9
Cayman 22.6 0 87.0 0.035 19.8
Coloratum 16.0 0.8 15.8 0.041 20.1
MG4 19.8 0.5 19.7 0.034 22.9
Piata 14.6 0.4 24.7 0.037 17.9

90

Basilisk 7.7 0 112.4 0.015 62.1
Cayman 36.5 0.48 37.8 0.016 56
Coloratum 29.9 0.46 31.0 0.013 59.4
MG4 64.4 7.6 41.3 0.014 40.7
Piata 90.0 0 55.5 0.017 19.30

Level of Sig-
nificance

Sp. 0.7834 0.4529 0.3905 0.0277 0.1474
DAH 0.7757 0.4039 0.6325 <0.0001 0.0033
Site 0.5059 0.1888 0.4205 0.2665 0.4086
Sp*DAH 0.445 0.4363 0.6126 0.0424 0.1293
Sp. *Site 0.3225 0.469 0.5207 0.1074 0.6662
Sp.*DAH*Site 0.2475 0.525 0.2494 <0.0001 0.2745

DAH: Harvesting time; Sp: Forage species 
Discussion
The DM significantly increased from harvest at 60 
days and 90 days. Grasses planted in Nyamagabe 
district where soils are low in pH and high in 
aluminium toxicity and high rainfall had higher 
dry matter content than grasses planted in Kirehe 
district. This shows that tested grasses tolerate 
poor soils and that the water availability influence 
on dry matter content. Soil, water availability, 
climate, and plant species are among factors that 
influence plants nutritive value and composition 
(Andueza et al., 2010). The high DM of grasses 
in Nyamagabe could have been influenced by the 

high rainfall, as the organic fertiliser had been 
added to improve soil fertility in both sites.   

The CP content declined from 60 to 90 days and 
this implies that early harvest leads to higher CP. 
Basilisk had the highest CP while P. coloratum had 
the lowest CP content. Generally, grasses planted 
in Kirehe district had higher CP content compared 
to grasses planted in Nyamagabe district. It is 
worthy to mention that B. decumbens cv. Basilisk 
had the highest CP and it might be due to its ability 
to resist drought and acidic soils. Brachiaria 
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grasses tested had a relatively high CP content at 
60 days of harvest which makes them a reliable 
source of proteins to lactating cows and growing 
heifers (Mutimura et al., 2016). Furthermore, 
the NDF content of Brachiaria like other grasses 
usually increases with maturity, but in Kirehe 
NDF was slightly decreased in grasses from 60 to 
90 days of harvest. This could be explained that 
after harvesting at 60 days, the regrowth was not 
fast, thus lowering the NDF content. In addition, 
the ADF content of Brachiaria grass was below 
that of P. coloratum (311.4 – 454 g/kg DM). These 
results were in same range with results reported by 
Heuzé et al., (2017).  This shows that Brachiaria 
could be a better fodder that supplies high energy to 
a ruminant livestock than Panicum. Furthermore, 
OM content of tested grasses increased from 60 
days to 90 days of harvest except for P. coloratum. 
The increase in OM based at 90 days of harvest 
was also reported by Mutimura et al., (2017) in 
Brachiaria grasses planted on-farm in semi-arid 
area of Rwanda. The increase of OM with age of 
the grass might be due to the fact that grass matures 
and water decreased.   

The ME decreased with age of the plants and 
however, it was higher in Nyamagabe than Kirehe 
but all had ME below 6.9 MJ/kg reported by 
Mutimura et al., (2017). However, all Brachiaria 
had the highest ME compared to Panicum. This 
implies that, Brachiria could supply more ME 

than Panicum, thus increase ruminant livestock 
production. Furthermore, Brachiaria grasses had 
a better OMD than P. coloratum. There was a 
decrease in OMD of grasses in Nyamagabe district 
from 60 days to 90 days but increase with time was 
observed in Kirehe district for Brachiaria hybrid 
cv. Cayman, Brachiaria brizantha cv. MG4 and 
Brachiaria brizantha cv. Piata. The reasons of the 
decrease of OMD in grasses planted Nyagamabe 
might be due to the high NDF which can slow the 
degradability of the grasses by the rumen microbes. 

Better rate of degradation (C) was observed in 
grasses planted in Nyamagabe. The reason might 
the fact that the grass also had low NDF which 
could allow rumen microbes to degrade fast the 
grasses. Aditionally, the time to produce half of gas 
(T1/2) differed also between harvesting time. This 
might be due to low ADF, NDF and high CP of 
grasses harvested at 6o days that allow microbes to 
degrade fast the grasses in the rumen. Brachiaria 
grass cultivars established at on-farm showed 
discrepancies in terms of nutritional values and 
biomass production. Piata had high biomass and 
nutritive values compared to other grasses at both 
60 and 90 days of harvest. 
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Abstract
This study aimed to assess the nutritional quality of the available forage species during a drought in 
an arid pastoral system in South Africa. Forage biomass was collected during the wet and dry seasons 
whilst following livestock herds consisting of boer goats, swakara sheep and mixed breed sheep, in both 
the summer and winter rainfall regions of the pastoral system.  Mineral nutrient content in the plant 
species revealed that the forages utilized by the livestock generally contained adequate concentrations 
of Mg, Ca, Na, and K to meet the dietary requirements of the small stock in both the winter and summer 
rainfall areas. Zinc concentrations in more than half of the forages sampled in the summer rainfall area, 
during both wet and dry seasons, however, were below the required concentrations for small stock. 
When considering all plant species utilised, the diets were generally adequate in all mineral nutrients. 
However, none of the forage species contained sufficiently high concentrations of protein to meet the 
minimum requirements for small stock. These findings therefore show that pastoralists have to deal with 
chronic low levels of protein during droughts, and their inability to purchase supplementary feed, or 
to cultivate fodder crops, or temporary emigrate out of the system puts their livelihoods at high risk to 
climate change. 

Introduction
Approximately 80 % of South Africa’s land 
surface is classified as semi-arid to arid of which 
approximately 82 % of these areas are used for 
agricultural activities, and only14 % of this area 
receive sufficient rainfall for arable crop production. 
The remainder of the agricultural land is used 
for extensive livestock production, forestry and 
wildlife/nature conservation (Jordaan et al., 2013). 
Under these semi-arid and arid conditions, the 
most extensive agricultural activities are livestock 
(sheep, goats, cattle and ostriches) farming under 
rangeland conditions where livestock make use of 
the natural veld. However, along with low annual 
precipitation, these semi-arid and arid rangelands 
are, in many instances, also subjected to recurrent 
droughts, cyclic long-term droughts, extreme 
temperatures and marginal edaphic conditions 
(Jordaan et al., 2013). During these dry periods, 
livestock production in these rangelands is often 
severely reduced due to the lack of adequate good 
quality, nutritious forage available to the livestock, 
and these shortcomings are exaggerated during 
periods of prolonged droughts (Palmer and Ainslie 
2006; Samuels et al., 2016, Müller et al., 2019). 

Several studies have assessed foraging tendencies 
and diet selection of multiple livestock species 
in semi-arid to arid areas under herding systems 
(Samuels et al., 2016, Schroeder et al., 2019). 
These foraging tendencies however, are influenced 
by drought, which can trigger plant compositional 
changes in rangelands, and by doing so influence 
forage availability and quality for small ruminants 
(Finch et al., 2016). Schroeder et al., (2019) 
evaluated the diet selection of herded boer goats, 
pure-bred swakara sheep, and mixed breed sheep 
during the 2016 – 2017 drought in the semi-arid 
pastoral system of Steinkopf in the Northern Cape 
Province of South Africa. These authors found that 
livestock within these pastoral systems rely greatly 
on the availability of annual herbs during the wet 
season, but due to the drought extending into the 
second year (2017), these annual herbs became less 
prevalent in the rangelands, and livestock had to 
alter their forage choices to include perennial leaf 
succulent forage species.  This ability of livestock 
to effectively utilise available rangeland resources 
to minimise the impacts of the drought is an 
important finding, however, little is known about 
the quality of these modified diets during periods 
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of drought in semi-arid to arid pastoral systems in 
South Africa. This study aimed to determine the 
mineral nutrient and protein content of perennial 
rangeland forages during the 2016 – 2017 drought 
in the semi-arid pastoral area of Steinkopf, where 
Nama and Succulent Karoo biome vegetation are 
present. We hypothesised that even though a large 
variety of species are utilised by the livestock, due 
to the impact of the prevailing drought conditions, 
the nutritional quality of the plant species eaten by 
the livestock will generally be poor and inadequate 
to fulfil livestock diets. We also hypothesise that 
different livestock breeds will access different 
quality diets due to differences in feeding 
preferences. 

Materials and methods
Diet selection was observed and recorded for boer 
goats (Capra hircus), mixed breeds of sheep (Ovis 
aries) and pure bred Swakara (formerly known as 
Karakul) sheep during the dry and contracted wet 
seasons in both the Nama Karoo (summer rainfall) 
and Succulent Karoo (winter rainfall) biomes in 
the Steinkopf pastoral area. The feeding selections 
observed by Schroeder et al., (2019) represent the 
diets of livestock for the wet and dry season for 
both biomes. Based on the diets of these livestock, 
samples of the different plants consumed in each 
season in each of the biomes were collected. For 
each plant species collected, plant materials were 
harvested from a minimum of five individuals 
which made up one sample. This was done to 
minimize the variability that may exist between 
individuals of the same species. Three replicates 
of each species were collected in each season 
and biome.  After collection, the plant samples 
were oven dried at 60 ˚C until a constant mass 
was achieved. The dried samples were thereafter 
milled using a stainless steel laboratory blender 
after which the samples were passed through a 0.5 
mm mesh sieve to ensure uniformity of the milled 
samples. The dry, milled samples were thereafter 
digested using a sulphuric-peroxide digestion 
method (Moore and Chapman 1986). Using the 
aqueous solution, the total magnesium (Mg), 
calcium (Ca), Zinc (Zn), sodium (Na) and potassium 
(K) concentrations were determined using an 
atomic absorption spectrophotometer (Unicam 
Unlimited, Cambridge, UK) using certified 
standards for these elements (Merck Millipore 
(Pty) Ltd). Total nitrogen (N) concentration in 
the digest was determined by direct titration with 
0.01 M HCl after Kjeldahl distillation using a 

Büchi Nitrogen Distillation Unit (model K-300, 
Labotec, Büchi, Switzerland). The N content (%) 
in the samples obtained was multiplied by a factor 
of 6.25 to obtain the crude protein (CP) content 
(%) (McDonald et al., 2010). Mineral nutrient 
content in all plant species consumed in the wet 
and dry seasons in each of the vegetation biomes, 
as well as differences in mineral nutrient content in 
diets between the different livestock breeds were 
compared in SPSS (IBM Corporation, Armonk, 
NY, USA) using an one-way ANOVA with an LSD 
post-hoc test.

Results 
Results from the study indicate that there was large 
variability in the nutritional quality of different 
forage species within the rangeland as indicated in 
the large range in Table 1. On average, the plant 
species that were eaten by the livestock contained 
sufficiently high concentrations of Mg, Ca, Zn, 
Na and K for maintenance in small stock (Table 
1). However, when looking at individual species, 
between 15 % and 20 % of forages consumed 
were deficient in Zn in the dry and wet seasons, 
respectively, in the Succulent Karoo biome, as well 
as 68 % and 49 % of forage species that were Zn 
deficient in the dry and wet season, respectively, 
in the Nama Karoo biome (results not shown). 
Concentrations of Mg, Zn, Na and K in the diets 
of the livestock did not differ between the wet and 
dry season or between Nama and Succulent Karoo 
biomes. However, Ca concentrations in livestock 
diets in the wet season of the Nama Karoo biome 
was significantly higher than in the dry season in 
the Nama Karoo biome, as well as both wet and dry 
season diets in the Succulent Karoo biome (Table 
1).  Crude Protein concentrations however, were 
found to below the 7 – 8 % minimum requirements 
for maintenance of small stock (Meissner 2000), 
and this was found in both wet and dry seasons 
of both Nama Karoo and Succulent Karoo biomes 
(Table 1). Generally however, the dry season 
forages contained lower concentrations of CP than 
forages utilised in the wet season, and this was 
found in both Nama and Succulent Karoo biomes 
(Table 1).

When considering the plant species eaten by the 
different livestock breeds in the arid pastoral 
system, it was found that the diets of all small 
stock groups evaluated generally did not differ 
in Mg and Zn concentrations in both wet and dry 
seasons or between the Nama and Succulent Karoo 
biomes (Table 2). Within the Succulent Karoo, no 
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differences in Ca concentrations in the diets of 
goats, mixed breed sheep and swakara sheep were 
observed (Table 2). However, in the Nama Karoo, 
Ca concentrations in the diets during the wet 
season of all three small stock groups evaluated 
were significantly higher than those in the dry 
season. These however, did not differ between the 
different small stock groups (Table 2). Conversely, 
no differences in Na concentrations in the diets 
of the three small stock groups were observed 
between the wet and dry season of the Nama 
Karoo biome, but Na concentrations in the diets 
consumed in the wet season in the Succulent Karoo 

in all three small stock groups were significantly 
higher than those consumed in the dry season. In 
the Nama and Succulent Karoo biomes however, 
no differences in Na concentrations in the forages 
consumed by the different small stock groups were 
observed in the wet and dry seasons, respectively 
(Table 2).

Table 1: Nutritional quality (mean ± SEM and 
range) of small stock diets in the wet and dry 
seasons of the arid pastoral systems in the Nama 
and Succulent Karoo biomes. Differences in 
nutritional quality of the diets between seasons 
and biomes are indicated by different letters.

   Mg (g/kg) Ca (g/kg) Zn (g/kg) Na (g/kg) K (g/kg)
Crude 
Protein 

(%)

Suc-
culent 
Karoo

Dry 
Sea-
son

Mean ± 
SEM 4.2 ± 1.0a 10.4 ± 

0.9a
0.03 ± 
0.001a 4.4 ± 0.7a 9.5 ± 

0.9a
1.4 ± 
0.1a

Range 1.3 - 15.4 4.6 - 18.1 0.02 - 0.03 1.2 - 11.2 4.2 - 16.9 0.3 - 2.3
Wet 
Sea-
son

Mean ± 
SEM 3.6 ± 0.5a 12.3 ± 

1.0a
0.03 ± 
0.005a 7.0 ± 1.1a 11.2 ± 

1.0a
2.4 ± 
0.2b

Range 0.8 - 9.5 5.7 - 25.5 0.01 - 0.12 0.5 - 16.2 4.7 - 24.8 1.1 - 4.4

Nama 
Karoo

Dry 
Sea-
son

Mean ± 
SEM 5.3 ± 0.6a 11.6 ± 

0.7a
0.02 ± 
0.002a 4.6 ± 0.7a 9.1 ± 

1.0a
1.8 ± 
0.1a

Range 0.7 - 10.0 7.4 - 17.3 0.01 - 0.05 1.0 - 8.7 2.5 - 18.6 0.8 - 3.3
Wet 
Sea-
son

Mean ± 
SEM 5.3 ± 0.9a 15.7 ± 

1.8b
0.03 ± 
0.009a 3.8 ± 1.1a 12.6 ± 

1.1a
2.1 ± 
0.2b

Range 0.8 - 18.9 8.0 - 36.6 0.01 - 0.21 0.5 - 19.4 3.7 - 23.0 0.9 - 4.4

Significance
F(3,80) = 
1.325,          

p = 0.273

F(3,80) = 
3.337,          

p = 0.024

F(3,80) = 
0.553,          

p = 0.648

F(3,80) = 
2.391,          

p = 0.075

F(3,80) = 
2.516,          

p = 0.065

F(3,80) = 
5.284,          

p = 
0.002

Table 2: Nutritional quality (mean ± SEM) different small stock breed diets in the wet and dry seasons 
of the arid pastoral systems in the Nama and Succulent Karoo biomes. Differences in nutritional quality 
of the diets between breeds, seasons and biomes are indicated by different letters.

 Species/
Breed

Sea-
son

Mg (g/
kg) Ca (g/kg) Zn (g/kg) Na (g/kg) K (g/kg) Crude Pro-

tein (%)

Suc-
culent 
Karoo

mixed sheep
Dry 4.2 ± 

1.0a
10.4 ± 
0.9a

0.03 ± 
0.001a 4.4 ± 0.7a 9.5 ± 0.9a 1.4 ± 0.1a

Wet 3.4 ± 
0.4a

12.1 ± 
1.1ab

0.04 ± 
0.005a 7.1 ± 1.1cd 11.4 ± 

1.1abc 2.3 ± 0.2bc

Swakara
Dry 4.3 ± 

1.0a
10.0 ± 
0.9a

0.03 ± 
0.001a 4.5 ± 0.8ab 9.3 ± 0.9a 1.4 ± 0.1a

Wet 3.7 ± 
0.5a

12.2 ± 
1.0ab

0.03 ± 
0.005a 7.5 ± 1.2cd 11.2 ± 

1.1abc 2.4 ± 0.2c

Goats
Dry 4.7 ± 

1.1a
10.8 ± 
1.0a

0.03 ± 
0.001a 5.0 ± 0.8ab 9.8 ± 1.0ab 1.4 ± 0.1a

Wet 4.2 ± 
0.6a

12.8 ± 
1.2ab

0.04 ± 
0.006a 8.4 ± 1.2d 10.8 ± 

0.8abc 2.6 ± 0.2c
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Nama 
Karoo

mixed sheep
Dry

5.3 ± 
0.9a

11.8 ± 
0.9ab

0.02 ± 
0.003a 4.8 ± 0.8ab 8.7 ± 1.2a 1.8 ± 0.2ab

Wet
5.4 ± 
1.1a

17.9 ± 
2.4c

0.03 ± 
0.013a 3.9 ± 1.1a 12.6 ± 

1.2bc 2.1 ± 0.2bc

Swakara
Dry

5.6 ± 
0.7a

12.0 ± 
0.8ab

0.02 ± 
0.002a 4.5 ± 0.7ab 9.5 ± 1.1a 1.9 ± 0.2abc

Wet
5.7 ±  
1.1a

16.9 ± 
2.2c

0.03 ± 
0.012a 3.2 ± 1.0a 13.6 ± 1.3c 2.2 ± 0.3bc

Goats
Dry

5.1 ± 
0.7a

11.2 ± 
0.8a

0.02 ± 
0.002a 4.5 ± 0.7ab 8.8 ± 1.0a 1.8 ± 0.2ab

Wet
5.3 ± 
1.0a

15.6 ± 
1.9bc

0.02 ± 
0.002a 4.2 ± 1.2a 12.4 ± 

1.3bc 2.1 ± 0.2bc

Significance
F(11,202) = 
0.906, p 
= 0.535

F(11,202) 
= 3.435,          
p < 0.001

F(11,202) 
= 0.857,          
p = 0.583

F(11,202) 
= 2.551,          
p = 0.005

F(11,202) 
= 2.135,          
p = 0.020

F(11,202) = 
3.539,          p 
< 0.001

Discussion and conclusion 
In this study we evaluated the mineral nutrient 
(Mg, Ca, Zn, K and Na) and crude protein content 
in the forages consumed by different small stock 
breeds in an arid pastoral system in South Africa, 
during a drought. We hypothesised that even 
though a large variety of species are utilised by 
the livestock, due to the impact of the prevailing 
drought conditions, the nutritional quality of the 
plant species eaten by the livestock will generally 
be poor and inadequate. This is because mineral 
nutrient availability to plants decreases with 
increased soil moisture limitation (da Silva et al., 
2011). Our results on protein content supports this 
hypothesis as all of the analysed forages were well 
below the minimum requirements for small stock 
(Tainton et al., 2000), and this was found in both 
wet and dry seasons in both Nama and Succulent 
Karoo biomes. These protein deficiencies during 
droughts could lead to significant loss in livestock 
productivity, reduced growth and also have 
various other negative impacts on livestock health 
(Meissner 2000). However, based on the findings 
of the current study, and at least for the mineral 
nutrients evaluated, the forages available to the 
small stock during the drought, contains adequate 
concentrations of all the mineral nutrients 
evaluated. This was true for all elements except 
for Zn, which was found to be very low in several 
forage species in both the Nama and Succulent 
Karoo biomes. As the drought persist for longer 
periods, this could mean that several forage 
species, which contain adequate concentration of 
Zn, could become less dominant in livestock diets, 
resulting in potential Zn deficiencies. It is therefore 
suggested that the small stock maintained only on 
the rangeland resources during a drought, be tested 

for Zn deficiencies and should be supplemented 
with Zn if possible. Sub-clinical Zn deficiencies 
in livestock adversely affects spermatogenesis, 
testicular growth and the development of the 
primary and secondary sex organs in males, and 
also all phases of the reproductive process in the 
female from oestrus to parturition and lactation. 
This, in turn, could explain the low weaning 
percentages experienced by small stock farmers in 
the Steinkopf communal area in South Africa. 

We also hypothesised that different livestock breeds 
will access different quality diets due to differences 
in feeding preferences. Goats are generally 
browsers and sheep grazers and therefore, it is 
expected that these breeds have different feeding 
preferences and thus, also access different quality 
diets. Samuels et al., (2016) followed livestock in 
the Namaqualand Granite Renosterveld vegetation 
in the Succulent Karoo biome and found that 
different livestock breeds accessed different 
forage resources, and Müller et al., (2019) found 
that these diets also differed in nutritional quality.  
The current results however, indicate that different 
small-stock breeds within the arid pastoral system 
in both Nama and Succulent Karoo biomes, during 
the drought, accessed diets that did not differ 
significantly in quality, in the wet and dry seasons 
respectively, and this could potentially be due to 
the limited number of forage species available to 
the livestock during the drought.

In conclusion, based on the results from the study, 
farmers utilising these arid rangelands, especially 
during periods of drought, are at risk of livestock 
developing protein deficiencies and as a result, 
farmers will have to deal with reduced livestock 
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productivity. It is therefore suggested that farmers 
utilising the arid rangelands in the Nama and 
Succulent Karoo biomes, especially during periods 
of drought, invest in protein supplementation for 
their livestock to maintain more productive herds. 
Also, only a limited number of mineral nutrients 
were assessed in this study while several other 
essential mineral nutrients including phosphorous 
would still be assessed. This is especially true for 

essential micronutrients or trace elements which 
may be deficient in the livestock diets during 
periods of drought.
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Abstract
Camello® (GP 3025) is a tolerant to drought Urochloa hybrid grass showing good forage production, 
early flowering with high regrowth rates. The objective was to define nutrient concentration changes 
by morphological component and, their differences for two tropical contrasting environments (Aw0, 
Aw1). Nutrient concentrations differences (P≤0.05) were observed among morphological components 
over time. In Aw1 environments the morphological components showed higher average protein content 
in comparison to Aw0 environment; lamina (12.2% vs 10.4%), pseudostem (9.5% vs 6.6%) and sheath 
(9.8% vs 6.8%). Aw0-environment promoted increases for FAD (47.9%, 46.9%, pseudostem and sheath, 
respectively) and lignin (6.6%, 9.1% pseudostem and sheath, respectively). The nutritional changes 
per morphological components is the best tool to define optimal moment for harvesting on nutritional 
bioavailability for livestock production intensification.  

Introduction
Tropical regions in Mexico cover a total of 56 
million has, classified both as dry tropics (24 
million ha) and humid tropics (32 million ha; 
SIAP 2017), with specific regimes of temperature 
and precipitation influencing plant growth and 
seasonal changes in nutritional value to time 
scale (Bernays and Chapman 1994), being 
genotype x environment interaction the most 
important for forage nutritive variations, with 
both characteristics favouring high lignification 
rates promoted by the environmental and plant 
hormonal factors, inducing high senescence and 
remobilization of endogenous nutrients (Kwon 
and Park 2008), leading to rapid decline in 
nutritional value of pastures, affecting quality in 
the dry tropics, promoting a strong nutritional loss 
in all plant’s morphological components (Bernal-
Flores et al., 2018). In order to understand the 
process and promote a livestock intensification 
production within tropical areas, it is necessary to 
carry out detailed studies among morphological 
components for nutrient concentrations and to 
establish key moments for forages use, to achieve 
the highest bioavailability of nutrients under 
vulnerable tropical environments. The study was 
carried out for a drought tolerant Urochloa hybrid; 
Camello® (Syn. GP 3025) to determine nutrients 

concentrations dynamics by morphological 
component for tropical environments.

Materials and methods 
The study was conducted simultaneously in 
two locations with environmentally different 
conditions; Ocozocoautla, Chiapas (Aw1; pp 
(mm)=910; To mean (oC)= 22.7 ) and Puerto 
Escondido Oaxaca (Aw0; pp (mm)=1022; To mean 
(oC)= 28.2), on established Urochloa hybrid (GP 
3025; Camello®) pasture. The pasture in both 
places, received same management; fertilization 
doses (100-00-00; N-P-K), frequency cut (7, 21, 
35, 49 days) and cutting height (10 cm above 
soil level). The evaluation was carried out during 
2017’s rainy season and samples for analysis, 
were collected four different days after cutting. 
Two samples were analyzed for crude protein 
(CP), acid detergent fiber (ADF), neutral detergent 
fiber (NDF) and, lignin using Near Infrared 
Spectroscopy (NIRS). After manual harvesting 
samples were dried using an air forced oven at 55 
oC for 48h. Forage samples were fractionated into 
components: lamina, pseudostem and sheath at 
different regrowth periods (7, 21, 35 and 49 days) 
and a seasonal growth curve was obtained. 
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Statistical Analysis

Data were analyzed using two linear mixed 
models; specific model (analysis between 
morphological components corresponding the 
same place) and general model (analysis between 
morphological components between sites) fitted 
with R software (R Core Team 2020) and using the 
lme4 library (Bates et al., 2015), take in account 
fixed effect location and time and random effects 
the individual. A linear regression model was used 
to determine the prediction equation by means of 
least squares by morphological component.

The proposed model is as follows:

where: 

 = is the response variable for individual , 
location  and time  = 
is the general means,  = is the location 
effect,  is a regression coefficient associated 
with time,  is effect of the individual, 

 and 
 is the residual error, 

  where  stands 
for normal independent and identically 
distributed,   
distributed independently.

Results and Discussion
Nutritional changes (P≤0.05) among 
morphological components were observed over 
time in two tropical environments. The Aw0 
environment conducted toward higher content 
of neutral detergent fiber (NDF), acid detergent 
fiber (ADF) and lignin, decreasing crude protein 
(CP) content for all morphological components. 
The FDA and NDF formation in the pseudostem 
were observed at early regrowth ages (>40% and 
>65 %, respectively, during the first three weeks 
of regrowth), while the lignin content for sheath, 
exceeded average values of the pseudostem. The 
proportion per component was different over time 
for both places (Figure 1a), where the highest 
amount of CP was observed in Chiapas for the 
three morphological components, being more 
notable in week 1 to week 3. The lamina protein 
in Aw1 environment was 25.8% higher compare to 
the Aw0 environment (Figure 1b) with a decisive 
impact on the protein value of the lamina (8.1% vs. 
7.5% for Chiapas and Oaxaca, respectively). 

The vulnerable environment was decisive in the 
low protein content at lamina level, pseudostem 
and sheath. For pseudostem and sheath, protein 
content did not register large variations over time. 
In Aw0 environments the pseudostem showed 
on average higher CP than the sheath (6.6 % vs. 
6.1%, respectively; Figure. 1c), while in favorable 
environments (Aw1) the sheath showed a slight 
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improvement in protein content (9.5 Vs 9.8 for 
Oaxaca and Chiapas, respectively; Figure 1d). In 
both places NDF, ADF and lignin increased over 
time, the ADF increase at pseudostem level for 
Aw0 environments was more noticeable (54.1 % 
vs. 41.7 %).

Figure 1: Composition (%) and nutritional 
dynamics by morphological component 
for the hybrid Urochloa (GP 3025) in two 
tropical environments. Values corresponding 
to rainy season in Puerto Escondido, Oaxaca 
and Ocozocoautla, Chiapas.             Oaxaca             
Chiapas
 
The CP concentrations over time showed a negative 
linear regression relation for both environments 
and for all morphological components (Figure 2). 
A greater slope was observed for CP concentration 

reduction in samples from Chiapas, while Oaxaca 
environments, the rate CP loss for all morphological 
components was lower. However, in both cases 
the greatest protein loss occurred during the third 
week, registering biggest up to five percent (5.2 
and 5.4, Oaxaca and Chiapas, respectively). The 
greatest CP losses in all morphological components 
occurred in favorable environments, due to 
autophagy (degradation of oxidized proteins) 
and senescence including programmed cell death 
(PCD; Kwon and Park 2008). According to our 
prediction equation on loss per unit protein over 
time, for Aw0-environments were; 1.47 g d-1, 1.25 g 
d-1 and 0.4 g d-1 for lamina, pseudostem and sheath 
(Figure 2a), while favorable environments these 
included; 2.57 g d-1, 1.9 g d-1, 1.6 g d-1 for lamina, 
pseudostem and sheath, respectively (Figure 2b).

   

Figure 2: Changes in crude protein (CP) content per morphological components in two Mexican tropic 
places. 

Conclusions
The favorable environments promoted higher CP 
concentrations for all morphological components 
at early stage of regrowth but did not maintain its 
CP concentrations over time. Aw0 environments 
promoted both fiber and lignin aggregation within 

a short period; however, CP concentration’s 
losses were accelerated for favorable growth 
environments (Aw1). Hence it is important to 
consider physiological processes to explain 
completely nitrogen losses occurred over time. 
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Abstract
Despite western Kenya potential in dairy production, it has lagged behind compared to other regions in 
the country. This comes against growing per capita milk consumption in Kenya currently estimated at 120 
litres per person per year. As a result, western Kenya is largely net importer of milk from neighbouring 
counties albeit the possibility improving productivity within. Among the most prevalent constraint to 
increased productivity is limited forage quality and quantity throughout the year. Napier stunting disease, 
which suppresses forage production from Napier grass, the most prevalent cultivated forage in western 
Kenya, exacerbates this. To contribute to addressing the problem, we selected several hybrids/cultivars 
of Urochloa and Megathyrsus and grown by several farmer groups in Kakamega, Busia, Bungoma and 
Siaya counties in western Kenya. To rate the forages, we guided farmers in generating criteria, by each 
group, on parameters/attributes they consider ideal for a forage to possess. On a scale of 1–9, farmers 
scored on the way they perceive each criterion, with the higher the score the more relevance it carries. 
In their respective groups, individual farmers scored on forage demonstrations replicated 3 times, on by 
plot-by-plot basis. We pooled groups’ criteria scores with individual farmer forage scores to generate 
weighted scores leading to forage rankings. We observed that criteria regarded highly relate to biomass 
production, fast growth rate, capability of regrowth, palatability and acceptability by animals among 
others.  Test forages ranked differently by counties indicating provenances that stand good chance of 
adoption in relation to the farmers’ perspectives, and possibly in other similar areas.

Introduction 
One of the efficient way to improve productivity 
by livestock keepers is to grow quality forage 
that is more cost effective than buying off farm. 
While a wide range of forage exist, identifying 
suitable species/cultivars/ varieties suitable in 
a given area and agricultural contest is key. In 
Kenya, smallholder farming is prevalent where a 
mix of crops and livestock happens. Largely, the 
farmers grow some food crops for household use 
and keep 2-3 dairy cow for milk consumption and 
sale (Romney et al., 2003). In the setup, enough 
roughages for the cattle is usually a challenge 
(Mwendia et al., 2018). The animals are kept 
in confinement and /or with limited grazing in 
communal areas e.g. roadsides where applicable. 
The Animals are provided with forages under what 
is popularly regarded as cut and carry system, and 
meeting the daily nutrient requirements is quite 

involving. For decades, smallholder dairy farmers 
in Kenya have over relied on Napier grass due to 
some of the attributes it possess including; high 
biomass production and withstanding frequent 
cutting. However, more recently, Napier grass 
production has been challenged by two diseases 
smut and stunt (Asudi et al., 2015; Mwendia et al., 
2006). Broadening options for forage production 
at the smallholder farms is necessary in order to 
sustain production and cope with the increasing 
demand for cattle milk as the human population 
continue to grow (Mwendia et al., 2017). In order 
to broaden the forage options in western Kenya, we 
selected forage options from two genera Urochloa 
Syn. Brachiaria and Megathyrsus Syn. Panicum 
and involved farmers in evaluating how well they 
could suite under their forage production context.
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Materials and methods 
Linking to our partner, Send a Cow- Kenya 
farmers network in western Kenya, we selected at 
least a farmers’ group interested in dairy in each 
of Bungoma, Busia, Kakamega and Siaya counties 
of western Kenya. After discussions with the 
groups and confirming interest, the farmers agreed 
to provide land and labour for establishing and 
maintaining forage demonstration trials. 

We selected several forages technologies 
including; three cultivars of Megathyrsus (Maasai, 
Tanzania, Mombasa) and four cultivars of 
Urochloa (basilisk, MG4, Piata, Xaraes) and three 
hybrids of Urochloa (Cobra, Cayman, Mulato 
II).  Using the recommended seeding rates- 6 kg/
ha for Urochloa and 2 kg/ha for Megathyrsus, we 
established plots of 3m x 5m of each of the forage 
type. As a check, we also established an extra plot 
of Napier grass, using splits spaced at 1m x1m for 
farmers to compare. In total, we established eleven 
plots for each of the technology. Per demonstration 
farm, we replicated each plot/treatment 3 times 
and in effect, we got Randomized Complete Block 
experimental Design in every demonstration in 
each county. 

After establishment, we allowed the forages to 
grow for 8 weeks growth cycles. In a participatory 
manner, we guided each of the farmer groups in 
developing criteria of their interest comprising of 

attributes they consider key in what they prefer in a 
forage. On a scale of 1–9, the farmers scored each 
criterion where 1 = least important and 9 = most 
important. When the forages had undergone a dry 
cycle, we requested each farmer to score based on 
the earlier scale, each plot using the criteria earlier 
developed by the group.  

Data Analyses

We managed data in Microsoft Excel. To 
understand how each forage rated in a criterion, 
we performed analysis of variance in GenStat 
18th edition. Further, we pooled individual scores 
by farmers, with the criteria scoring by the group 
to generate weighted scores (Abeyasekere 2001; 
Mwendia et al., 2017) and subsequent ranking of 
the forages on county-by-county basis. 

Results
Nasietike farmers’ group from Busia County 
performed the dry season evaluation on 27th 
March 2019. We observed significant differences 
(Table 1.) across all the forage types against each 
criterion, except for germination. From weighted 
scores the order of preference starting with most 
important appeared as; Cayman > Xaraes > Cobra 
≈ Mombasa > Tanzania > Piata ≈ Maasai ≈ Mulato 
II > MG4 > Napier ≈ Basilisk. 

Table 1: Participatory forage scores by Nasietike 
farmers group in Busia when the forages had 

undergone dry season

Farmer Criteria 
(Score)

 Basi-
lisk

 Cay-
man  Cobra  Maa-

sai
 
MG4

 Mom-
basa

 Mu-
lato II

 Na-
pier  Piata  Tanza-

nia  Xaraes P value LSD

Disease toler-
ant (5) 6.0 7.1 6.5 6.7 6.9 7.4 6.4 5.4 6.9 7.0 7.2 <.001 0.62

Fast germina-
tion (8) 6.1 6.4 6.3 6.4 6.2 7.0 5.7 5.6 6.7 6.7 7.0 <.001 0.62

Fast regrowth 
(8) 6.0 6.7 6.5 6.4 5.7 6.6 6.2 6.0 5.8 6.6 6.5 0.02 0.67

High germina-
tion rate (9) 6.5 6.3 6.2 6.5 6.3 6.3 6.0 7.5 6.3 6.4 6.6 0.731 1.30

Leafiness (6) 5.4 7.3 6.6 5.9 6.2 6.5 6.0 6.2 6.1 6.4 6.7 <.001 0.70

More milk (9) 6.1 7.4 7.2 6.4 7.1 7.0 6.4 6.3 7.3 7.2 7.6 <.001 0.62

Softness (4) 5.6 6.7 6.1 5.6 6.4 5.3 6.6 4.8 5.9 6.0 5.5 <.001 0.72

Upright growth 
(4) 5.4 7.4 6.5 6.4 5.7 7.0 6.2 7.1 5.6 6.7 6.7 <.001 0.66

Drought toler-
ant (6) 6.3 7.4 6.6 6.5 6.3 7.2 6.9 5.0 6.8 6.5 7.1 <.001 0.63

High Biomass 
(8) 6.0 7.5 6.5 6.2 6.2 6.4 6.8 6.2 6.5 6.7 7.6 <.001 0.65

 Palatable (7) 6.4 5.7 7.4 5.9 5.6 5.8 5.6 6.3 5.7 5.7 5.8 <.001 0.63

Weighted 
Score 6 6.9 6.6 6.3 6.2 6.6 6.3 6 6.3 6.5 6.8

Rank 10 1 3 6 9 3 6 10 6 5 2   
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Bungoma Joy farmer group assessed the forages on 
criteria largely similar to Nasietike group except 
they did not include upright growth and softness 
(Table 2). We observed significant differences 
amongst the various forage types for each criterion. 

On weighted score basis, the forages ranked as 
Cayman > Xaraes > MG4 ≈ Mombasa > Piata > 
Basilisk > Cobra > Maasai ≈ Tanzania > Mulato 
II > Napier.

Table 2: Bungoma Joy farmer group forage 
evaluation following the groups’ identified criteria, 
on 28 March 2019 when the forages had undergone 
dry season period

Farmer Criteria (score)  Basi-
lisk  Cayman  Cobra  Maa-

sai  MG4  Mombasa  Mulato 
II  Napier  Piata  Tanzania  Xaraes P- value LSD

Softness (9) 7.3 7.7 7.1 6.8 7.5 7.4 7.0 6.0 7.4 7.2 7.3 <.001 0.54

Tolerant to diseases (1) 8.0 7.9 7.7 7.3 8.0 7.8 7.4 6.7 8.2 7.6 8.2 <.001 0.43

Palatability (4) 7.4 7.7 7.5 7.0 7.6 7.6 7.5 6.6 7.6 6.9 7.4 <.001 0.47

More leaves than stem (9) 7.1 7.5 7.5 6.9 7.3 7.5 7.0 6.4 7.5 6.7 7.5 <.001 0.50

High forage yield (2) 7.2 7.5 7.1 6.9 7.5 7.5 6.5 6.5 7.5 6.7 7.6 <.001 0.47

High milk production (3) 7.6 7.5 7.3 6.9 7.5 7.3 7.1 6.5 7.4 7.1 7.5 <.001 0.45

High germination percentage (6) 7.5 7.7 6.8 7.3 7.4 7.7 6.6 6.4 7.3 7.2 7.7 <.001 0.48

Fast regrowth (5) 7.5 7.4 7.2 7.2 7.3 7.5 6.8 6.5 7.6 6.8 7.4 <.001 0.48

Do well all season (8) 7.5 7.4 7.3 7.0 7.7 7.4 7.0 6.3 7.4 7.0 7.6 <.001 0.49

Weighted score 7.4 7.6 7.3 7.0 7.5 7.5 7.0 6.3 7.4 7.0 7.5

Rank 6 1 7 8 3 3 10 11 5 8 2   

Siaya farmers’ group generated criteria much 
similar to the others placing great emphasis by 
high scores on germination, fast growth and 
harvest (Table 3). For all the attributes, significant 
differences (P<0.05) exist amongst the forage 

types. On the weighted score, all the forage types 
attained a score of >5. Specifically, the order was 
Cobra ≈ Napier > Xaraes > Piata ≈ MG4 > Cayman 
> Maasai > Mombasa > Mulato II > Basilisk > 
Tanzania.

Table 3: Siaya Mowar Jorit Kiye farmer group 

forage evaluation following the groups’ identified 
criteria, on 29 March 2019 when the forages had 
undergone dry season period

Farmer Criteria (score) Basilisk Cayman  Cobra  Maasai  MG4 Mombasa  Mulato II  Napier  Piata Tanzania  Xaraes P-value lsd

Drought tolerant (8 ) 5.7 6.6 6.8 6.2 6.5 5.7 5.9 6.8 6.4 5.8 6.4 <.001 0.48

Easy to harvest ( 5) 5.7 6.1 6.5 6.1 6.1 5.7 5.9 7.3 6.2 5.6 6.1 <.001 0.47

Fast germination ( 8) 5.2 5.4 6.0 5.8 5.9 5.5 5.2 6.9 5.7 5.3 6.0 <.001 0.49

Fast growth (9 ) 4.9 5.3 6.3 5.6 5.8 5.6 4.9 6.8 6.1 5.4 6.5 <.001 0.45

Great harvest (9 ) 4.9 5.9 6.5 5.5 6.0 5.3 5.5 6.1 6.1 5.2 6.2 <.001 0.51

Greenness (7 ) 5.7 6.9 7.0 5.5 6.5 6.1 6.1 7.0 6.4 5.3 6.2 <.001 0.77

Germination percent-
age (9) 6.4 5.9 6.9 6.7 6.8 6.4 5.7 6.6 6.4 6.3 6.5 <.001 0.49

Softness (6 ) 6.2 6.7 6.8 6.1 6.1 5.9 6.3 6.7 6.2 5.9 6.2 <.001 0.48

Leafiness ( 7) 5.8 6.8 7.1 5.6 6.0 6.0 6.2 7.2 6.1 5.3 6.3 <.001 0.49

Pest and disease toler-
ance (8) 6.0 6.3 6.8 6.4 6.6 5.5 5.8 6.5 6.4 5.1 6.5 <.001 0.42

Weighted Score 5.6 6.1 6.7 5.9 6.2 5.8 5.7 6.7 6.2 5.5 6.3   

Rank 9 5 1 6 4 7 8 1 4 10 3   

Isongo B in Kakamega county farmers had much 
emphasis on high milk production, drought 

tolerance and high germination percentage (Table 
4).  We did not observe differences amongst the 
provenances across the criteria. However, on 
weighted score basis, the forages ranked as MG4 
≈ Mulato II ≈ Maasai >Basilisk>Cayman ≈ Cobra 
≈ Piata ≈ Tanzania >Napier Mombasa > Tanzania.
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Table 4: Participatory forage scores by Isongo B 
farmers group in Kakamega on 26th March 2018 
when the forages had undergone dry season

Farmer Criteria 
(Score) Basilisk Cayman Cobra Maasai MG4 Mombasa Mulato 

II Napier Piata Tanza-
nia Xaraes Pm 

value lsd

High germination (8 ) 6.5 6.6 6.4 6.4 6.5 3.7 6.7 6.2 6.6 6.3 6.1 0.806 0.66

Greenness (6 ) 6.6 6.5 6.7 7.5 7.0 6.6 7.2 6.7 6.9 6.6 6.4 0.135 0.70

Fast growth (6) 6.9 6.6 6.6 7.3 6.6 7.0 6.6 6.9 6.4 6.2 6.7 0.177 0.69

 Disease tolerance (7 ) 7.1 6.8 7.1 7.5 6.9 6.7 7.4 7.0 6.9 7.0 6.6 0.224 0.66

More Milk (9) 7.1 7.2 7.1 7.2 7.1 6.8 7.0 7.0 6.4 7.1 6.8 0.324 0.62

Easy to harvest (3 ) 6.6 6.8 7.2 7.2 6.8 6.7 7.2 6.8 6.7 6.4 6.7 0.215 0.63

Palatable ( 5) 6.8 6.8 6.7 7.0 6.8 7.2 6.9 6.6 6.6 6.4 6.9 0.654 0.66

Leafiness ( 5) 7.0 6.6 6.6 7.0 6.8 6.8 7.2 6.8 7.2 6.6 6.4 0.376 0.69

Fast regrowth (6 ) 6.9 7.1 6.9 7.1 9.4 7.0 7.1 6.3 7.1 6.5 6.6 0.265 2.03

Drought tolerance (8 ) 6.9 6.7 6.8 7.1 7.0 7.0 6.9 6.8 6.7 6.6 6.4 0.757 0.69

Less stems (4) 7.1 6.7 6.7 7.1 6.7 6.7 7.4 6.6 6.9 6.8 6.6 0.505 0.69

score 6.9 6.8 6.8 7.1 7.1 6.6 7.1 6.7 6.8 6.6 6.6

rank 4 5 5 1 1 9 1 8 5 9 9   

Discussion 
Following the results generated across the 
four counties the following criteria were most 
popular in all the four counties; pests and disease 
resistance, drought tolerant, high biomass and high 
germination percentage. Equally, fast regrowth 
leafiness, high milk production, and softness 
appeared at least in 3 counties. These criteria 
should form the basis for forage breeding/selection 
suitable to the area and other similar systems in 
order to increase chances of adoption.

On forage types considering their popularity in 
ranking across the counties, we had Cayman, 
Xaraes, Cobra Piata and MG4 as the most highly 
scored by all farmers across the counties thus 
considered as the most preferred by farmers. 

These materials therefore, stand good adoption 
chance in the area. These forages can be either 
propagated through seeds or vegetative, and the 
farmers’ production experience with other forages 
especially Napier grass, would equally benefit 
growing these forages. 

Conclusion

As we show here, there are farmer preferable 
forages that stand possibility to contribute to 
livestock productivity in western Kenya and other 
similar ecologies. However, there is need for 
promotion and awareness creation. This should 
be coupled with improving forage seed system for 
seed/planting materials access affordably.
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Abstract
The Norwegian sheep industry is based on utilization of “free” rangeland pasture resources. Use of 
mountain pastures is dominating, with about two million sheep grazing these pastures during summer. 
Regional challenges related to e.g., loss of sheep to large carnivores make farmers think differently. 
The Norwegian coastline is among the longest globally and is scattered with islets and islands. Alone 
along the coast of Nordland county, it is estimated more than 14,000 islands. Use of islands for summer 
pasture is an alternative but there is a limited knowledge about such a management system. In this study, 
we examined lambs’ average daily gain on island pastures at the coast of Norway. In total 230 lambs on 
three islands (Sandvær, Sjonøya, and Buøya), with varying pasture quality and stocking rate, for 3 years 
(2012, 2013, and 2014). At Sandvær as much as 92% of the island was characterized as high nutritional 
value while at Sjonøya and Buøya only 15%, was characterized high nutritional value. We found an 
average daily lamb growth rate of 0.320 kg d−1. Lambs on Sandvær had a higher daily gain (P < 0.05) 
than those on Sjonøya and Buøya, and lambs’ average daily gain was significantly lower (P < 0.05) in 
2013 compared to 2012 and 2014. We conclude that with a dynamic and adaptive management strategy 
there is a potential to utilize islands for sheep grazing during summer.

Introduction
The Norwegian sheep industry is based on 
utilization of spatially diverse rangeland pasture 
resources as reflected in different management 
systems and local adaptations. Only 3% of 
Norway is used for crop production, but more 
than half of the land area has potential value as 
livestock pasture. Rekdal (2016) estimated that 
harvesting of rangeland vegetation by livestock 
could be doubled and in a White paper from the 
Norwegian Government from 2016 an increase 
in rangeland grazing is encouraged for all regions 
of the country. In Norway, about 2 million sheep 
are released onto extensive pastures for summer 
grazing mostly in mountainous areas. However, 
challenges due to high mortality to e.g., large 
carnivores have increased the interest in utilizing 
pastures on islands and islets along the coast. 
The coastal line of Norway is estimated to about 
103,000 km including islands. Nordland county 
(stretching from 65 to 69◦N) is scattered with 
some 14,000 islands of all sizes, from small 

islets of �1 ha to inhabited islands up to 500 
km2. Many of the smaller islands were previous 
inhabited but are now abandoned and traditional 
farming with meadow harvesting and livestock 
grazing has ceased. In Nordland county, farmers 
are offered a diverse package of subsidies and 
incentives for restoring and maintaining the semi-
natural coastal landscape. Most of the islands are 
flat (rising to 40–50m above sea level) and natural 
fresh water supply can be limited during summer. 
Vegetation types, their proportion, and distribution 
and thus pasture value varies substantially 
between islands (Rekdal 2001). A management 
of stocking rate customized to available pasture 
resources is therefore necessary to ensure animals’ 
performance and welfare (Hatten et al., 2001). 
However, appropriate stocking rates are defined 
by decades-long experience by farmers, while 
little scientific knowledge exists about sheep 
performance on these coastal pastures. In a field 
study we investigated lamb performance during 



411

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

three consecutive summer grazing seasons (2012–
2014) on three islands at the coast of Nordland 
county, with highly variable grazing values and 
stocking rates. The aim of the study was to describe 
lamb daily weight gain and to evaluate and discuss 
opportunities and challenges for future sustainable 
sheep grazing on island pastures.

Materials and methods 
The study was performed at commercial farms and 
the only extra handling of animals was through 
weighing. The animals were collected by help 
of sheep dogs per normal practice at the farms. 
The islands are situated in Lurøy and Rødøy 
municipalities, at the coast of Nordland county in 
Norway (Figure 1). Sandvær (66◦20′35N, 12◦43′55 
E) covers 39 ha and range up to 20 meters above 
sea level (m.a.s.l.). Sjonøya (66◦21′51N, 12◦52′42 
E) covers 208 ha and range up to 40m.a.s.l while 
Buøya (66◦37′31N, 12◦56′35 E) covers 36 ha and 
range up to 40m.a.s.l. The total livestock unit (LU) 
at Sandvær, Sjonøya, and Buøya were 1.26, 3.60, 
and 2.70, respectively, in all 3 years (2012, 2013, 
and 2014). At Sjonøya, an additional 40 sheep of 
the Old Norwegian breed (5.6 LU) grazed and was 
included when stocking rate was calculated. 

The weather is typical coastal climate with mild 
winters and wet summers, with mean temperature 
during winter around 0◦C and during summer 
around 12◦C. Annual precipitation is around 
2,000 mm. The vegetation was mapped using the 
system of Rekdal and Larsson (2005) and a total 
of 19 different vegetation types, both natural and 
semi-cultivated, were identified on the islands. 
We classified the vegetation types into four main 
classes based on value for sheep grazing: “Not 
Suitable” (no grazing value or inaccessible), 
“low”, “medium” or “high” (for details, Lind et 
al., 2020).

Figure 1: Map of Norway and the islands (insert) 
Sandvær (south), Sjonøya and Buøya (north).

The study animals were of the dominating 
sheep breed in Norway, the Norwegian White 
Sheep. Ewes and lambs were recruited from two 
commercial sheep farms that had used the islands 
for summer grazing during several years prior to 
the study. We asked the farmers to randomly select 
adult ewes (>2 years of age) with two lambs at foot. 
The farmers selected the animals post-lambing to 
ensure that all ewes and lambs were healthy and 
distributed the animals randomly to the islands. 
The animals had access to all vegetation types 
within each island. Lambs were born in May and 
were between 1 and 4 weeks old when released 
to the island pastures. All ewes and lambs were 
individually ear-tagged for identification. The 
ewes were weighed before released to and when 
collected from the islands. The lambs (n = 230) 
were weighted at birth (average 4.90 kg, Standard 
deviation, SD = 0.86 kg), when released to the 
island (average 9.98 kg, SD = 3.51 kg), and when 
collected (average 38.1 kg, SD = 7.90 kg) as 
normal routine done by the farmers. The animals 
were on average released to the islands in week 21 
(end of May) and collected in week 37 (beginning 
of September). 

Data on a total of 230 twin lambs were analyzed 
by fitting a general mixed linear model in Proc 
Mixed of SAS statistical software (12), using the 
Satterthwaite option for estimation of denominator 
degrees of freedom. The model used was 

y = Xb + Zu+e, 

where y is the observation of individual lamb body 
growth (kg d−1) on island pasture; b is a vector 
containing fixed demographic and environmental 
effects (lamb age, early growth, sex, ewe age, ewe 
weight, island, year, year*island), and X is the 
incidence matrix relating the observations to the 
effects in b. The random effect of ewe by year is 
u, related to observations by incidence matrix Z. 
Finally, e is the residual variance. 

Results
As much as 92% of the area of Sandvær is 
characterized as high nutritional value which here 
includes the vegetation types of low herb meadow, 
high forb meadow, moist meadow and pasture. At 
Sjonøya, about 80% of the area is characterized as 
low nutritional value with the island dominated by 
coastal heath (31%) and damp heath (41%). Most 
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of the remaining area is classified as medium to 
high nutritional value (low herb meadow, meadow 
birch forest and pasture). At Buøya 86% was 
characterized as low nutritional value and only 
14% of high value.

Lambs’ average daily gain on the island pastures 
was 0.320 kg d-1 (SD = 0.067 kg d-1), and they 
spend on average 89 days on the islands (SD 
= 13 days). From the mixed model (Table 1) all 
variables in the model were significantly affecting 
lamb growth at P < 0.05, except for lamb age 
(days) at release on the islands (P = 0.66).

Table 1: Effect of lamb age (d) at release, lambs 
average daily gain (g d-1) from birth to release, 
lamb sex (male or female), age of ewe (year), ewe 
weight (kg) at release, islands (Sandvær, Sjonøya, 
Buøya), year (2012, 2013, 2014) and the interaction 
between year and island, their nominator Degrees 
of Freedom (NDF), denominator Degrees of 
Freedom (DDF), F and P values

Effect NDF DDF F value P
Lamb age 1 101 0.19 0.663
Early growth 1 209 6.64 0.011
Sex 1 206 27.81 < 

0.001
Ewe age 5 104 2.69 0.025
Ewe weight 1 104 13.37 < 

0.001
Island 2 101 20.88 < 

0.001
Year 2 106 10.79 < 

0.001
Year*Island 4 102 32.07 < 

0.001

T-tests between LS means showed that lamb daily 
gain (data not shown, see Lind et al., 2020 for 
details) differed between islands (P < 0.01) and 
that lambs at Sandvær had the highest daily gain 
(0.372 kg d-1) mainly caused by a high growth rate 
in 2012. Across islands, lamb daily gain was higher 
in 2012 and 2014 compared to 2013 (P < 0.01). 
The interaction between year and island show that 
the lambs’ growth on Sandvær in 2012 was higher 
than that of all other year * island classes (P < 
0.01); no other significant differences were found. 
Male lambs had a higher average daily gain than 
female lambs (P < 0.01).

Discussion 
The proportion of vegetation types of high 
nutritional value differed between the islands. The 
vegetation type pasture is mainly former managed 
permanent grassland for forage production, now 
abandoned, and has a high nutritional value with 
an estimated grazing capacity of 0.75 LU per ha 
per year (Rekdal 2001). 

At Sandvær around 92% of the total area was 
classified as high value according to Rekdal 
(2001) and included pasture (covering 12 ha), 
low herb meadow (covering 38%) and tall forb 
meadow (covering 21%). Twenty-one sheep (1.26 
LU) grazed the island every summer while the 
capacity was more than 5 LU. When vegetation 
is grazed at an optimum stocking rate the forage 
quality maintains. However, when the number of 
animals is too low, non-grazed areas will degrade 
and in the case of Sandvær this was shown by 
encroachment of meadowsweet (Filipendula 
ulmaria). Meadowsweet has little grazing value for 
sheep and is often seen dominating areas with zero 
or low grazing pressure (French 2017). A higher 
stocking rate combined with an earlier release 
would help improve the now low nutritional value 
of the vegetation type tall forb meadows and lead 
to an even higher weight gain of the lambs.

The stocking rate at Sjonøya was estimated to 9.2 
LU. About 15% of the island was pasture, low herb 
meadow, meadow birch forest, pasture land forest 
and moist meadows which in total could carry 12 
LU. Lamb daily gain on Sjonøya was significantly 
lower than that of both Sandvær and Buøya. 
Sjonøya consists of 4 smaller islands connected 
only at low tide. Most of the cultivated pasture 
type is located on one of them and sheep could 
be temporary stranded at an area with mostly low 
nutritional value vegetation types. This could be 
one explanation for the lower average daily gain.

The number of sheep at Buøya was estimated to 
2.7 LU. Fourteen percent of the island (5 ha) was 
pasture and could carry around 2.5 LU (Rekdal 
2001). Livestock density may be a limiting 
factor for lambs’ growth, since the rest of Buøya 
is dominated by heath vegetation types and 
classified as having low nutritional value. Lambs’ 
growth rate was significantly lower on this island 
compared to Sandvær, but higher than on Sjonøya. 
As discussed, parts of the high nutritional areas of 
Sandvær was not grazed due to the low stocking 
rate. We suspect that the total area was reduced 
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in forage quality during the summer. On the other 
hand, the smaller area of high nutritional vegetation 
types at Buøya could be more intensively grazed 
and thus maintain a higher quality throughout the 
grazing period. The investigated islands all had 
a high degree of plant species diversity. Over a 
three-month period, the nutritional value-change 
would be species-specific and influenced by 
general phenological development as well as the 
within-year impact of grazing.

A dynamic management plan when using island 
pastures is important. As the islands are flat, 
phenological development is uniform across the 
pastures and the stocking rate should ideally be 
higher in the spring and early summer than later. 
During the summer, the lambs’ need for high-
quality forage increase while at the same time the 
pasture quality declines, decreased digestibility 
and crude protein content. However, the pasture 
quality can to some extent be maintained if the 
stocking rate is adjusted during the grazing season. 
To release and collect the animals at the right time 
are therefore critical for the production output.

Conclusion
In the present study we evaluated lamb 
performance on three islands with different 
grazing value and stocking rates. These lambs 
had a daily weight gain similar to the average 
weight gain for the Norwegian White breed on a 
national level. The homogenous topography and 
low altitude variation on the islands result in a 
uniform vegetation development and render the 
vegetation more sensitive to between and within 
summer climate variation. Adjustment of stocking 
rate, date of release and collection of animals 
must be fine-tuned. With a dynamic and adaptive 
management strategy, there are high potential 
benefits for increasing the use of island pastures. 
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Performance of the Leucaena leucocephala–Megathyrsus maximus cv Mombasa system and 
local range grazed by pelibuey ewe-lambs 
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Abstract
Mombasa grass and leucaena have shown an excellent agronomic performance grown in tropical 
semi-arid ranges, the objective of this study was to compare the agronomic performance of Leucaena-
Mombasa grown as a silvopastoral system at two leucaena plant densities (10000 and 15000 plants ha-1) 
and of Pelibuey ewe-lambs grazing it against native unimproved tropical semi-arid range of the state of 
Morelos, México. Experimental design was a completely random with two replications. Unimproved 
native range was mainly deciduous shrubs and mixed herbaceous plants (Poaceae and Asteraceae). 
Stocking rate was the same across treatments and grazing lasted all rainy season. Of the agronomic 
variables determined, both Leucaena-Mombasa systems showed the same (p>0.05) forage on-offer total 
and expressed as herbage-allowance but 29 and 15% higher (p≤0.05) respectively than the unimproved 
native range. Leucaena-Mombasa at the highest leucaena density showed the highest harvest rate, 22 and 
50% higher (p≤0.05) than the registered at the lower density and unimproved native range, respectively. 
Unimproved native range herbaceous layer showed 40% higher (p≤0.05) crude protein content than the 
layer at both Leucaena-Mombasa systems; tree fodder was only different (p<0.05) in in vitro dry matter 
digestibility, tree fodder from both Leucaena-Mombasa systems was 32% higher (p≤0.05) than that of 
unimproved native range. Ewe-lambs grazing any of the Leucaena-Mombasa systems showed a daily 
weight gain 1.5 times higher (p<0.05) than those grazing the unimproved native range. It was concluded 
that Leucaena-Mombasa system is an option to improve agronomic and animal performances compare 

to unimproved tropical native range.

Introduction
Silvopastoral systems of Leucaena leucocephala 
and tropical grasses have been shown to be 
effective to improve animal production under 
tropical and grazing conditions compared to other 
local alternatives for grazing livestock (Murgueitio 
et al., 2016). Trejo (2016) pointed out that L. 
leucocephala density is an agronomic variable that 
should be tested for specific sites to validate plant 
densities that provide the best association of this 
tree with tropical grasses in terms of agronomic 
and animal performance. Small-holders relay 
on the grazing of unimproved native semi-arid 
tropical ranges to feed their sheep herds that show 
rather low animal performance parameters.  

The objective of the study was to compare the 
agronomic performance of Leucaena-Mombasa 
grown as a silvopastoral system at two leucaena 
plant densities (10000 and 15000 plants ha-1) and 
of Pelibuey ewe-lambs grazing it against native 
unimproved tropical semi-arid range of the state 
of Morelos, México.

Materials and methods 
Study site was in a semi-arid tropical area of the 
state of Morelos, Mexico with a mean annual 
rainfall of 900 mm and a dry season of 7 to 8 months.  
Treatments were: L. leucocephala-Mombasa 
at 10000 plants of leucaena ha-1, leucaena low-
density (LL); L. leucocephala-Mombasa at 15000 
plants of leucaena ha-1, leucaena high-density 
(HL); and, native range (NR). A complete random 
experimental design with three field replications 
was used. Experimental unit was a 190m2 plot.

Planting of Leaucaena and grass seeding were 
done a year before experimental grazing started. 
Leucaena plants were grown for two months in a 
nursery and then planted at the beginning of the 
rainy season in rows 2m apart, within rows plants 
were spaced every 50 and 33 cm for the low and 
high leucaena density, respectively. After leucaena 
planting, grass seeding was done in rows 1m apart 
within rows of leucaena, seeding rate was 8 kg 
of seed ha-1. A plant inventory was done on the 
unimproved native range plots to determine plant 
families and species.
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Experimental grazing lasted four months (2017 
rainy season), stocking density of 158 ewe-
lambs ha-1, 14 d grazing period and from 28 d 
resting period. Variables were: forage on-offer, 
herbaceous, Mombasa grass in LL and HL, and 
all species in NR, and browse leucaena and all 
shrub species in NR, and residual forage only on 
herbaceous in all three systems (Haydock and Shaw 
1975); in vitro dry matter digestibility (Barnes 
1969); crude protein (AOAC 1984); daily forage 
allowance and forage harvested (Hodgson 1979); 
forage disappearance rate (Stuth et al.,1981); and, 

ewe-lamb daily live-weight gain, as the difference 
in live-weight at the end minus at the start of 
each grazing period. Statistical analysis wasa by 
analysis of variance using Proc GLM (SAS 2012).

Results
Herbaceous forage on-offer and browse on-
offer were 25 and 40% higher (p<0.05) in both 
leaucaena systems than in NR, respectively, with 
no difference (p>0.05) in any between leucaena 
systems. Residual herbaceous were similar 
(p>0.05) across all three systems (Table 1).

Table 1: Forage on-offer (FO) and residual (RF) in kg MS ha-1,  in three silvopastoral systems
S i l v o p a s t o r a l 
system 

FO herbaceous FO browse FO total RF herbaceous

LL* 3088± 254ab 1662 ± 254a 4751 ± 508a 2095± 254a

HL* 3662± 254 a 1846 ± 254a 5508± 508a 1724 ± 254a

NR* 2717 ± 254b 1253 ± 440b 3971± 695b 1784± 254a

* LL, low leucaena density (10000 ha-1); HL, high leucaena density (15000 ha-1); NR, native range. Means 
within columns with one letter in common are not different (p≤0.05). 

DFA was 15% higher (p<0.05) in leucaena systems 
compared to NR, along with this higher forage 
allowance ewe-lambs in both leucaena systems 
showed a maintained positive live-weight gain 
while ewe-lambs in NR showed a net weight loss 

of almost 40 g per day. Leucaena systems showed 
similar (p>0.05) results in both of these variables. 
High density leucaena system showed a FDR 43% 
higher (p<0.05) than the mean of de LL and NR, 
which showed no difference (p>0.05) between 
them (Table 2).

Table 2: Daily forage allowance (DFA), forage harvested (FH), forage disappearance rate (FDR) and daily live-
weight gain (DLG) in three silvopastoral systems
Si lvopas to ra l 
system

DFA (kg MS 100 kg 
LV-1 d-1)

FH (%) FDR (kg MS 100 kg 
LV-1 d-1)

DLG (g ewe-1 d-1)

LL* 14.0 ± 0.6ª 57.3 ± 10.3ª 7.8 ± 1.1b 22.7 ± 15.0a

HL* 15.5 ± 0.6ª 70.4 ± 10.3ª 10.6 ± 1.1ª 30.3 ± 15.0a

NR* 12.8 ± 0.6b 57.6 ± 10.3ª 7.0 ± 1.1b -39.9 ± 15.0b

* LL, low leucaena density (10000 h-1); HL, high leucaena density (15000 ha-1); NR, native range. Means within 
columns with one letter in common are not different (p≤0.05). 

Native range offered an herbaceous vegetation with up to 37% higher (p<0.05) crude protein than the 
Mombasa grass found in the leucaena systems, even in the herbaceous residual forage the NR system 
showed a crude protein 44% higher (p<0.05) than in the mombasa grass of the leucaena systems. The 
leucaena systems showed a better browse than the NR only in terms of IVDMD with similar crude 
protein, in the former leucaena systems provided a browse with 32% higher (p<0.05) IVDMD (Table 3).
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Table 3: In vitro dry matter digestibility (IVDMD) and crude protein (PC) in herbaceous and browse 
forage on offer (FO) and residual herbaceous forage  (RF) in three silvopastoral systems

Forage quality measurement
Silvopastoral system

LL* HL* NR
IVDMD, FO herbaceous (%) 67.5 ± 2.4a 63.9 ± 2.4a 64.1 ± 2.4a

IVDMD, FO browse (%) 54.9 ± 2.4a 52.3 ± 2.4a 40.5 ± 4.1b

IVDMD, FR (%) 67.4 ± 2.4a 67.1 ± 2.9a 66.6 ± 2.7a

PC, FO herbaceous (%) 13.1 ± 0.6b 12.4 ± 0.6b 17.5 ± 0.6a

PC, FO browse (%) 19.1 ± 0.6b 21.3 ± 0.6a 20.9 ± 1.0ab

PC, FR (%) 9.8 ± 0.7b 9.5 ± 0.8b 13.9 ± 0.7a

* LL, low leucaena density (10000 h-1); HL, high leucaena density (15000 ha-1); NR, native range. 
Means within rows with one letter in common are not different (p≤0.05). 

Discussion
The range of leucaena density tested showed no 
influence on the amount of forage on-offer of the 
associated Mombasa grass, this agrees with the 
finding of Trejo (2016) who stated that influence 
of leucaena density should be evident at very high 
densities and/or as leucaena planting is allowed 
to increase in aerial cover, then light competence 
could come to be an important factor on the 
associated grass.

The planned arrangement of leucaena plants 
against the rather random arrangement of the 
shrubs in the native range could explain the higher 
browse available for ewe-lambs in the leucaena 
systems compared to the native range. Anguiano 
et al., (2012) found this trend also, and pointed 
out that the arrangement of the fodder trees in a 
silvopastoral systems the plantation provides a 

better light use and then the higher browse on-
offer.

The better ewe-lamb performance reflected on the 
higher daily live-weight in the leucaena systems 
than in the native range could be explained based 
on both a better agronomic performance of the 
leucaena systems that provided more feed in 
addition to a forage of higher quality.

It was concluded that in a semi-arid tropical 
environment planned leucaena-tropical grass 
silvopastoral systems are an option to improve 
livestock performance under grazing condition 
compared to native range. The influence of 
leucaena density on agronomic and livestock 
performances of tropical silvopastoral systems is 
still to be elucidated.
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Abstract
Napier grass (Cenchrus purpureus Schumach L.) is an important perennial forage native to Africa and 
grown in many tropical and subtropical countries. It is considered as a short-term drought tolerant forage 
which is a useful trait in areas that are characterized by low precipitation during the dry season. To 
exploit the potential of this grass and identify water use efficient (WUE) genotypes, a field drought stress 
trial was conducted at Bishoftu, Ethiopia. Eighty-four Napier grass genotypes were planted in a p-rep 
design in four replications. The genotypes were evaluated for forage performance during the dry season 
of 2019 and 2020 based on agro-morphological traits under two soil moisture regimes- moderate water 
stress (MWS) and severe water stress (SWS). The results indicated the existence of significant diversity 
among the genotypes for agro-morphological traits and photosynthetic performance. Consistently high 
biomass producing genotypes with enhanced water use efficiency were observed across harvests in 
each soil moisture regime, which indicates the possibility of utilizing these genotypes for high biomass 
production under low soil moisture conditions after further validation in other environments. 

Introduction
Tropical agricultural environments such as sub-
Saharan Africa (SSA) have been affected by 
degradation of natural resources, triggered by 
climate change and over exploitation (Adeniyi 
2016). This has led to frequent extreme 
temperature events, and changes in rainfall amount 
and distribution that have impacted agricultural 
productivity (Salem et al., 2011). Erratic and 
below optimum precipitation conditions during 
forage growth will significantly reduce biomass 
production and feed availability, which is already 
one of the main limiting factors for increased 
livestock productivity. Securing the availability 
of forage biomass yield throughout the season 
is one of the strategies that can be employed 
for sustainable livestock production in drought 
prone and degraded areas of SSA. Hence, the 
development of forage genotypes that are best 
adapted to produce in drought stress environments 
would contribute to intensify livestock production 
in marginal areas as well as to improve natural 
resource management. Napier grass (Cenchrus 
purpureus) is an important forage crop in tropical 
and subtropical environments (Esilaba et al., 
2011). Napier grass grows from sea level to 2100 
m above sea level in the tropics and produces best 
growth at temperatures ranging from 25 to 40 °C 
(Singh et al., 2013). It is also considered as a short-

term drought tolerant forage, which is an important 
characteristic in areas that are affected by frequent 
drought stress conditions (Taylor et al., 2014). 
Napier grass is popular among smallholder dairy 
farmers, especially for the cut and carry feeding 
system, as it produces a high forage yield per unit 
area and can withstand repeated cuttings during a 
year (Kabirizi et al., 2015). To exploit the potential 
of Napier grass for drought stress tolerance, a field 
drought stress trial was conducted using a panel 
of genotypes with the objective of identifying 
genotypes with higher biomass productivity and 
enhanced water use efficiency under field moisture 
stress conditions. 

Materials and methods 
Eighty-four Napier grass genotypes were used 
for the field drought stress study, performed in 
Bishoftu, Ethiopia. These genotypes were planted 
using a partially replicated (p-rep) design with 
four replications and evaluated for drought stress 
tolerance during dry seasons in 2019 and 2020, 
using agronomic and physiological performance 
under two soil moisture regimes i.e., moderate 
(MWS) and severe (SWS) water stress conditions. 
The field drought stress was imposed using two 
soil moisture conditions where two blocks were 
exposed to MWS, that corresponds to 20 % 
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volumetric soil moisture content (VWC), while 
the other two blocks were exposed to SWS, that 
corresponds to 10 % VWC. The VWC of the blocks 
was monitored using a soil moisture probe (HD, 
England). In the dry season, plants were harvested 
at every 8 weeks of regrowth, resulting in a total 
of 6 harvests. In each harvest, leaf length (LL), 
leaf width (LW), photosynthetic efficiency (Fv/
Fm) and biomass yield data were collected. The 
water use efficiency (WUE) was calculated from 
the amount of water supplied and total dry weight 
(TDW) yield. The collected data were analyzed for 
statistical significance using analysis of variance 
(ANOVA) and subjected to additive main effects 
and multiplicative interaction (AMMI) analysis 
to identify high yielding and stable genotypes in 
terms of biomass yield under drought stress.

Results
The results from the dry season harvests revealed 
significant genotype, treatment, and harvest effects 
for the traits LW, LL, Fv/Fm, TDW and WUE 
(Table 1). Analysis of genotype by treatment 
interaction also revealed significant differences in 
LL, TDW and WUE, indicating the performance 
of individual genotypes differ between the two 
soil moisture level treatments i.e.  MWS and 
SWS. The performance of genotypes was highly 
affected by harvest that signifies a differential 
response of genotypes to different harvests which 
is presumably linked to specific climatic variables 
during each regrowth period. 

The genotype by harvest interaction was further 
analyzed using AMMI analysis to decompose the 
interaction effects. An AMMI biplot showed the 
existence of high variability for both genotype 
and harvest variables (Figure 1). The first two 
principal components in MWS, PC1 and PC2 
contribute 50% and 26 % interaction effect 
respectively (Figure 1, A and B). In SWS, PC1 and 
PC2 contribute 57 % and 25 % of the interaction 
effect respectively (Figure 1, C and D). Genotypes 
that are near to the origin have least interaction 
effect while genotypes close to the axis have more 
general stability (Figure 1 A and B). Genotypes 
such as 16839, 16819 and BAGCE 30 and harvests 
3, 4 and 6 produced above average TDW both in 
MWS and SWS conditions. While genotypes 
18662, 16797 and 16790 and harvests 1, 2 and 5 
produced below average TDW (Figure 1, C and 
D). 

The yield stability index analysis further identifies 
top ranking Napier grass genotypes based on stable 
production of biomass across harvests (Table 2). 
Under MWS, the top stable productive genotypes 
were 16819, 16803 and 16839 and, under SWS, 
the top genotypes were 16819, CNPGL 93-42 and 
CNPGL 92-66-3.

Table 1: Summary ANOVA for agro-morphological 
and physiological traits from moderate and severe 
water stress condition in dry season harvests 

Sources of variation Traits (P-Level)     
LW LL Fv/Fm TDW WUE

Genotypes <.001 <.001 <.001 <.001 <.001
Treatments (MWS/SWS) 0.04 0.03 0.04 0.05 0.05
Harvest <.001 <.001 <.001 <.001 <.001
Genotype X Treatment NS <.001 NS <.001 <.001
Genotype X Harvest <.001 <.001 <.001 <.001 <.001
Treatment X Harvest <.001 <.001 <.001 <.001 NS
Genotype X Treatment X Harvest NS <.001 NS <.001 <.001
CV % 9.4 6.1 2.6 17.8 13.4

Moderate moisture stress (MWS), Severe moisture stress (SWS), Leaf width (LW), Leaf length (LL), 
Photosynthesis efficiency (Fv/Fm), Total dry weight (TDW), Water use efficiency (WUE), coefficient of 
variation (CV), non-significant (NS), and Probability level (P-level) 
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Figure 1: Biplots of an Additive Main effects and Multiplicative Interaction (AMM)I analysis of 
Principal component 1 (PC1) and Principal component 2 (PC2) upper lane  A) Moderate water stress B) 
Severe water stress and biplot dry weight (TDW) vs PC1 lower lane C) moderate moisture stress and; 
D) severe moisture stress conditions with 84 Napier grass genotypes and 6 harvests (numbered in red) 
in the dry season.

Table 2: Top 10 Napier grass genotypes in terms of stability analysis across six harvests for moderate 
water stress (MWS) and severe water stress (SWS) conditions.

Genotype

MWS

Genotype 

SWS
T D W 
mean (t/
ha) rY rASV YSI

T D W 
m e a n 
(t/ha) rY rASV YSI

16819 2.79 1 78 79 16819 2.54 1 79 80
16803 2.65 2 3 5 CNPGL 93 -37-5 2.42 2 80 82
16839 2.55 3 84 87 CNPGL 92-66-3 2.39 3 33 36
BAGCE 30 2.5 4 83 87 16839 2.29 4 84 88
16811 2.46 5 77 82 BAGCE 100 2.27 5 58 63
16795 2.43 6 79 85 BAGCE 30 2.22 6 82 88
CNPGL 92-66-3 2.36 7 45 52 16791 2.21 7 32 39
CNPGL 93-42 2.36 8 82 90 16795 2.2 8 77 85
BAGCE 93 2.29 9 81 90 16802 2.19 9 39 48
14982 2.25 10 50 60 BAGCE 93 2.15 10 83 93

Rank based on dry biomass yield (rY), rank based on AMMI stability variance (rASV), Yield stability 
index (YSI), total dry weight (TDW), Moderate water stress (MWS) and Severe water stress (SWS).

Discussion
The results of analysis of variance for agro-
morphological traits suggested the existence 
of significant genotypic variation of growth 
production under moisture stress and the influence 

of moisture stress treatments (MWS/SWS) on 
agronomic and physiological responses. These 
genotypic variations are important to exploit the 
potential of the genotypes to maximize forage 
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production under different soil moisture regimes. 
The performance of genotypes was also greatly 
affected by harvest that can be characterized by 
specific climatic variables (Habte et al., 2020). 

The evaluation of genotypes based on different 
years and location provide useful information to 
determine a genotypes adaptability and stability of 
production (Whaley et al., 2019). The dry matter 
yield of genotypes across harvests was analyzed 
using AMMI to reveal high yielding and stable 
genotypes. In general, the identified genotypes that 
are stable and highly productive were similar in 
both MWS and SWS conditions based on stability 
index ranking that suggests that these genotypes 

have enhanced water use efficiency under soil 
moisture stress conditions. Thus, the top biomass 
yielding genotypes identified based on total dry 
weight (TDW) would be potential candidates 
for future utilization and breeding programs for 
drought stress environments.  
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Abstract
The aim of the present study was to evaluate the precision and accuracy of the Pampa Corte and National 
Research Council (2007; NRC) models for predicting forage intake (FI) by sheep. Individual data (n = 
213) of observed FI, body weight and chemical composition of consumed diet were taken from fifteen 
indoor digestibility trials conducted with male sheep housed in metabolic cages and fed only forage 
ad libitum. The diets were composed of tropical grasses, temperate grasses and legumes. Individual 
observations  of  FI were averaged by treatment (n = 32) into each experiment which were then compared 
to FI values predicted by Pampa Corte model or NRC using concordance correlation coefficient (CCC) 
and regression analysis. The average value of observed FI was 847 (± 241) whereas those predicted by 
Pampa Corte model and NRC were, respectively, 826 (± 230) and 987 (± 208) g DM/day. Observed 
values of FI were linearly related (P < 0.01) to those predicted through either Pampa Corte or NRC. 
However, the Pampa Corte resulted in higher CCC than NRC. Also, through the Pampa Corte model, 
the linear regression presented a slope not different from 1 and an intercept not different from 0. The 
NRC model, however, resulted in a slope of the linear regression lower than 1 despite the intercept was 
not different from 0. The Pampa Corte model was more precise and accurate in predicting FI by sheep 
fed only forage than NRC. 

Introduction
Forage intake (FI) is the main factor affecting 
performance of grazing ruminants (Mertens and 
Grant 2020). However, FI cannot be measured 
directly and its determination in grazing situations 
still remains a challenge. Traditional nutritional 
systems, as NRC  predicts the FI by sheep 
using empirical static equations which adjust 
satisfactorily to the conditions in which they were 
developed, but usually have limited precision and 
accuracy in grazing conditions (Hackmann and 
Spain 2010; Tedeschi et al., 2019). Pampa Corte 
(Silveira 2002) is a mechanistic dynamic model 
which predicts the intake, nutrients supply and 
productive performance of grazing ruminants based 
on rumen capacity and/or physical constraints of 
intake. The validity of this model on estimating 
the productive performance of beef and sheep 
have been previously evaluated (Trevisan et al., 
2009; Silveira et al., 2011; Silveira et al., 2012). 
However, the precision and accuracy of this model 
on predicting FI was still not consistently validated 
with data from controlled trials. Therefore, the aim 
of the present study was to evaluate the precision 

and accuracy of either model Pampa Corte or 
NRC for estimating FI by sheep fed only forage in 
digestibility trials. 

Materials and methods 
A data set of individual observations was compiled 
from fifteen independent digestibility trials with 
sheep (n = 213), housed in metabolic cages, and 
fed only forage ad libitum. Trials were conducted 
at the Universidade Federal de Santa Maria, Santa 
Maria, RS and at the Universidade do Estado 
de Santa Catarina, Lages, SC, both in southern 
Brazil (29°4′S, 53°4′W). General description of 
the animals and diet variables used as inputs in 
the model are presented in Table 1. Experimental 
periods varied between 15 to 21 days, with 10 to14 
days for adaptation and 5 to 7 days for data and 
sample collection. 

The forage offered and refusals were weighed, 
recorded, and sampled throughout the experimental 
periods and all samples were dried at 55°C for at 
least 72 h, ground through a 1-mm screen and 
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pooled by animal within each experimental period 
for analysis. Total dry matter (DM) content in 
forage samples was determined by oven drying 
at 105°C for 24h. Forage samples were analyzed 
for neutral detergent fiber (NDF) (Senger et al., 
2008), crude protein (Kjeldahl method; AOAC 
1997) and nitrogen fractions (Licitra et al., 1996). 
Water-insoluble fraction of forage was determined 
by weighing 5 g of sample in TNT bags (10 x 10 
cm), and incubating in distilled water at room 
temperature and with agitation for 3 h. Following, 
the samples were washed with distilled water 
and dried at 55°C for at least 72 h. The water-
insoluble DM fraction was them incubated in an 
in vitro gas production test (Theodorou et al., 
1994), and the fractional rate of gas production 
(kd) was estimated using a simple exponential 
model (Ørskov and McDonald 1979). Forage DM 
digestibility (DMD) was determined by incubating 
the samples during 48 hours into the rumen of a 
cannulated steer grazing a native grassland and 
receiving supplementation with concentrate 
feedstuffs. Cell content (CC) was calculated as 
100-NDF (%), and digestible cell wall (DCW) as 
DMD-CC (%) (Silveira 2002). 

Individual data of body weight and forage attributes 
(i.e. CC, CP, CP fractions, DCW, kd, NDF) were 

averaged by treatment into each experiment (n = 
32), and used as inputs in the Pampa Corte model. 
Predictions of FI through Pampa Corte are based 
on model described by Illius and Gordon (1991), 
which consider the rumen capacity and physical 
constraints of intake (Silveira 2002). In addition, 
FI was also predicted using the equation proposed 
by NRC, which considers the BW, a standard 
reference BW and quality constraint factors based 
on digestibility and proportion of legumes in the 
diet. 

Mean values of observed FI into each treatment 
were compared to those predicted by either Pampa 
Corte model or NRC. The precision and accuracy 
of the linear relationships were evaluated by 
CCC analysis and parameters of the regression 
analysis, using the mixed procedure of the SAS 
software (SAS Institute Inc., Cary, NC, USA). 
For regression analysis, the model included trial 
as random effect. The confidence interval (95%) 
of the equation parameters was calculated on the 
basis of standard errors (SE) values (i.e., ± 2SE) 
and was used to evaluate the deviation of either the 
slope from 1 or the intercept from 0. Significance 
was declared at P ≤ 0.05.

Table 1: Animal variables and diet composition in 
digestibility trials carried out with sheep

Trial Diet components Animal Diet
BW FI CP NDF DMD kd
(kg) (g DM/day) (%) (%) (%) (%/h)

1 Avena sativa haylage 31–46 541–969 21 66 65 2.61
2 Axonopus catharinensis 

fresh cut at different days 
of regrowth

35–46 620–1323 7–14 63–68 62–73 5.33–6.12

3 Axonopus catharinensis 
fresh plus Arachis pintoi 
fresh

28–44 1052–1659 7–10 44–31 77 6.07

4 Cynodon dactylon fresh 23–31 343–849 15 76 55 2.71
5 Cynodon dactylon fresh 

with level of refusal
25–28 507–1047 21–23 63–65 65 4.86

6 Cynodon dactylon hay 21–37 753–1054 19 71 76 6.53
7 Cynodon dactylon hay 16–25 447–734 6 77 66 2.71
8 Cynodon dactylon hay 17–31 388–657 13 75 59 2.82
9 Cynodon dactylon hay with 

or without urea
19–49 437–928 7–12 74 66 2.58

10 Echinochloa sp. hay 27–38 533–1085 7 73 55 4.72
11 Native grassland hay 17–18 309–413 7 82 50 3.49
12 Native grassland hay 21–38 545–642 7 78 52 3.56
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13 Pennisetum clandestinum 
hay cut at different days of 
regrowth

32–38 606–1069 12–17 65–67 60–66 5.14–5.22

14 Pennisetum purpureum hay 
plus levels Arachis pintoi 
hay

35–46 824–1542 10–19 49–75 71–75 5.89–6.36

15 Sorghum sudanense fresh 26–35 331–810 11 67 69 3.49

BW= body weight; CP= crude protein; DM= dry matter; DMD= in situ dry matter digestibility; FI= 
forage intake; kd= fractional rate of gas production of the water-insoluble DM fraction; NDF= neutral 
detergent fibre. 

Results
The average value of observed FI was 847 (± 241) whereas those predicted by Pampa Corte model and NRC 
were, respectively, 826 (± 230) and 987 (± 208) g DM/day. Observed values of FI were linearly related 
(P < 0.01) to those predicted through either model Pampa Corte or NRC (Figure 1). However, the Pampa 
Corte model resulted in higher CCC than NRC. Also, through the Pampa Corte model, the linear regression 
presented a slope not different from 1 and an intercept not different from 0. The NRC model, however, 
resulted in a slope of the linear regression lower than 1 despite the intercept was not different from 0.  

Figure 1: Relationship between forage intake observed and predicted (FI) by the Pampa Corte model 
or NRC.

Discussion 
The Pampa Corte model was more precise and 
accurate than NRC in predicting observed FI 
by sheep fed only forage in controlled trials. 
The NRC which predicts the FI by sheep using 
empirical static equations over predicted the FI in 
94 % of the observations. In fact, empirical models 
account for fewer variables and are simpler than 
mechanistic models (Cannas et al., 2019), and 
usually present low accuracy and precision in 
the prediction of FI (Pulina et al., 2013; Bateki 
and Dickhoefer 2019; Tedeschi et al., 2019). In 

contrast, the Pampa Corte which is a mechanistic 
dynamic model predicts the FI based on rumen 
capacity and physical constraints of intake. Also, 
this model take account the kinetics of fermentation 
and passage rate of digesta from the rumen, which 
are related to voluntary FI (Illius et al., 2000).

Conclusions 
The Pampa Corte model was more precise and 
accurate in predicting FI by sheep than the 
empirical model proposed by the NRC. 
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Relationship between semi-arid rangelands quality parameters and vegetation indexes 
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Abstract
A large portion of the sheep production systems in the semi-arid zone of Central Chile base their feeding 
on the rangelands, adjusting both the production cycle and the use of supplementary feed to the natural 
supply of fodder. In this way, knowledge of the rangeland quantity and quality at the farm level emerges 
as an essential input for the decision-making of feed management. The objective of the study was to 
relate the herbage quality parameters of the semi-arid zone rangeland with Vegetation Indices (VI) and 
to determine which vegetation index report the best results. Vegetative indexes were obtained from 
aerial images multispectral captured by a drone. During the 2018 growing season (Oct to Dec), in three 
farms of the semi-arid zone of Central Chile, three plots of exclusion (per farm) of 100 m2 each were 
installed and monitored. Samples were taken once a month to determine the contents of dry matter (DM), 
crude protein (CP), neutral detergent fiber (NDF), and acid detergent fiber (ADF) of rangeland herbage. 
Regressions were developed between the rangeland herbage quality parameters and the calculated VI. 
Most of the regressions obtained were significant (p <0.05). In DM, the index that presented the best R2 

(0.84) was Plant Senescence Reflectance Index (PSRI). In CP, the highest value of R2 was only 0.38 for 
PSRI. For NDF, a maximum value of R2 of 0.56 was obtained using Red Edge Chlorophyll Index (CI 
red edge). Finally, for ADF, the highest value of R2 was 0.72 obtained in Green Normalized Difference 
Vegetation Index (GNDVI), Normalized Difference Vegetation Index (NDVI), Soil-Adjusted Vegetation 
Index (SAVI), and Green Chlorophyll Index (CI green).

Introduction
The vegetation indices (VI) obtained from 
multispectral images have been investigated 
for more than three decades to relate them 
to quantitative variables such as the height, 
availability, or covered area of   arboreal and non-
arboreal plant species (Fern et al., 2018, Lussem 
et al., 2019). However, the search investigating 
relationships between herbage quality parameters 
and wavelengths or VI is more recent (Posada-
Asprilla, 2019, Barnetson et al., 2020). Some 
quality parameters such crude protein (CP), 
nitrogen, C:N ratio have already been related to 
wavelengths or VI (Beeri et al., 2007). Regarding 
the researches that make use of unmanned aerial 
systems (UASs) to capture multispectral images 
to estimate VIs, these are concentrated in the past 
decade (Poley and McDermid, 2020). In Chile, 
the information associated with the herbage 
quality of the rangeland and its temporal evolution 

has several decades; therefore, considering that 
climate change has reduced the length of the 
growing season of the rangelands, this information 
is outdated. Thus, the objective of this study was to 
relate the herbage quality parameters of the semi-
arid zone rangeland with vegetative indexes and to 
determine which vegetation index report the best 
regression model to be used as a prediction tool.

Materials and methods 
Study Site

The study was conducted in the O’Higgins Region, 
part of Central Chile, located between 33° and 
35° 01′ S and between 70° 02′ W and the Pacific 
Ocean, specifically in the dried-fed areas of the 
region. The prevailing climate in the region is a 
temperate Mediterranean climate with variations 
according to the topography. The annual rainfall is 
irregular, with June and July as the wettest months, 
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with a historical average between 100–300 mm 
per month (Pizarro 2007). The annual average 
rainfall (1974-2019) ranges between 502 mm in 
the foothills to 533 mm in the Interior Central 
Valley (DGAC 2020).

Sampling and take of multispectral imaging.

During the 2018 growing season (Oct to Dec), in 
three farms of the semi-arid zone of Central Chile, 
three 100 m2 plots of exclusion (per farm) were 
installed. Once a month, in each of the exclusion 
plots, herbage rangeland samples were taken. The 
sample consisted of present herbage in an area 
of   0.75 m2, considering a cutting height of 3 cm. 
The cutting place within the exclusion plot was 
obtained through the random cut of three 0.5 X 
0.5 m squares per plot. The samples were weighed 
fresh to obtain the productivity per ha (kg fresh 
matter/ha) and later taken to the analysis laboratory 
of the Pontificia Universidad Católica de Chile to 
determine the content of Dry Matter (DM), Crude 
Protein (CP), Neutral Detergent Fiber (NDF), and 
Acid Detergent Fiber (ADF). The AOAC (2005) 
methods were used to estimate DM (method 
2001.12) and CP (method 2001.11) concentrations. 
The NDF and ADF were determined using the Van 
Soest et al., (1991) method. 

On the same days of sampling, multispectral 
images were captured in each of the three farms. 
An Inspire 2 drone, equipped with a Parrot 
Sequoia camera, was used to capture multispectral 

images. The Parrot Sequoia camera had five 
sensors, allowing the obtaining of spectral data in 
the following five bands: RGB, Green, Red, Red 
border and Near-Infrared. The images capture was 
carried out at the height of 100 meters, and 50 to 
60 images were taken per farm and sampling.

Image processing and vegetation indexes 
estimation.

An orthophoto was created from the multispectral 
images taken at each visit and for each farm using 
the Agisoft photoscan software. The orthophoto 
contained the information associated with each 
of the five spectral bands and a surface that made 
it possible to incorporate the three exclusion 
plots (Figure 1a). Subsequently, using the QGis 
software, the following vegetative indices were 
calculated: Simple Ratio Vegetation Index (RVI), 
Normalized Difference Vegetation Index (NDVI), 
Green Normalized Difference Vegetation Index 
(GNDVI), Green Chlorophyll Index (CI green), 
Red Normalized Difference Vegetation Index 
(RNDVI), Red Edge Chlorophyll Index (CI red 
edge), Soil-Adjusted Vegetation Index (SAVI) 
and Plant Senescence Reflectance Index (PSRI). 
Subsequently, within the area corresponding to 
each exclusion plot, 100 measurement points were 
randomly selected (Figure 1b). For each point, the 
eight vegetation indices were obtained (Figure 1c), 
which were stored in a database that included the 
month, farm, and plot information.

Figure 1: Stages for obtaining vegetation indexes
Statistical analysis

For each vegetation index and quality parameter, 
the outline values were identified and eliminated. 
Then the mean and variance were obtained, and 
dispersion graphs were drawn. Analysis of variance 
were carried out to test the effect of month on 
quality parameter. Multiple comparisons of means 

were done by Duncan-test. Linear regression 
models were developed between vegetation 
indices and quality parameters (8 indices x 4 
parameters) to determine which of the vegetation 
indices allows to predict the percentage content of 
DM, CP, NDF, and ADF with the least error. For 
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the statistical analysis, R software (R Core Team, 
2020) was used.

Results and Discussion
The percentages of DM and CP had significant 
changes in each month of the growing season (Table 
1). For ADF, significant differences were observed 
only between October and November (Table 1). 
For NDF, despite increasing as the growing season 
progresses (Figure 2c), no significant differences 
were observed between the months studied.

Table 1: Rangelands herbage composition (Mean 
±Standard deviation, %) during the growing season

Variables October November December P value
Dry Matter 28.7±8.6a 66.4±24b 95.4±1.9c <0.01
Crude protein 14.6±4c 9.1±2.4b 5.9±1.9a <0.01
Neutral Detergent 
Fiber 50.1±10.2 55.7±6.1 55.6±4.7 0.105
Acid Detergent Fiber 25.2±4.8a 31±2.9b 33.7±1.5b <0.01

The dispersion graphs, as well as the linear 
regression models that presented the best results 
for the parameters DM (%), CP (%), NDF (%) and 
ADF (%) are shown in Figure 2. In December, less 
variability was observed both in the vegetation 
indices and in the quality parameters of the 
rangelands due to the fact that the grass reach the 
state of senescence.

Figure 2: Selected linear regression models for DM, CP, NDF, and ADF

For both DM and ADF, the models were able to 
explain more than 70% of the variability of the 
data, which is considered acceptable. In the case 
for NDF and CP, despite obtaining significant 
models, the values of R2 were low, 0.56 and 
0.38, respectively. This result is explained by the 
variability of species that make up the semi-arid 
rangeland in the study area, within which a large 

number correspond to exotic species (Martín-
Forés 2012). The obtention of low coefficients R2 
has been addressed by authors such as Li et al., 
(2016) by incorporating factors related to land 
cover and the grassland type.

Conclusions/Implications
Despite obtaining significant models, the variability 
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of species and edaphoclimatic conditions observed 
in the semi-arid rangelands of the O’Higgins region 
generate variability in the quality parameters 
that cannot be explained by univariate models. 
Thus, obtaining reliable regression models for 
estimating quality parameters from vegetation 

indices requires additional studies. These studies 
include the development of rangeland typologies 
and the generation of both linear and non-linear 
regression models that incorporate variables 
such as phenological status and the proportion of 
families of predominant species.
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Abstract
Warm-season perennial grasses are the backbone of the pasture-based livestock industry in the southeastern 
USA. In Florida specifically, bahiagrass (Paspalum notatum Flugge) and bermudagrass (Cynodon spp.) 
support 1 million head of cattle and 15,000 beef cattle operations. Bermudagrass is the most widely 
planted forage species in the southeastern USA, planted in approximately 15 million ha and used for 
grazing, hay and silage. The genus Cynodon is native to southern Africa and germplasm collections 
have revealed a high degree of genetic variability within the genus. The United States Department of 
Agriculture National Plant Germplasm System (USDA-NPGS) maintains a collection of bermudagrass 
plant introduction (PIs) in Griffin, GA, USA and the USDA Georgia Coastal Plains Experiment Station, 
Tifton, GA, maintains additional forage germplasm. Multi-location trials were established in 2014 in 
four states (FL, GA, NC and OK) to screen the collection for herbage accumulation (HA) and nutritive 
value (NV). Due to the large genotype by environment interaction for HA across states, we focused on 
selecting accessions adapted to South Georgia and Florida. Several PIs showed improved HA and NV 
compared to ‘Tifton 85’ across several trials and years. Particularly, PI 316510 produced high HA in 
Citra, FL and Tifton, GA, had improved NV traits, and faster establishment compared to Tifton 85. We 
confirmed that PI 316510 is tetraploid by chromosome counts and flow cytometry. The PI 316510 has 
been released by the University of Florida under the name “Newell”.

Introduction
Bermudagrass (Cynodon dactylon L.) is the most 
widely planted forage species in the southeastern 
USA, covering approximately 15 million ha 
(Taliaferro et al., 2004). The species is used 
primarily as a forage for grazing, hay or silage, 
and it is also of major importance as a turfgrass 
for home lawns, sports fields, and on golf course 
fairways and tees. Bermudagrass is preferred over 
other warm-season perennial forages because 
of its greater HA, NV, and persistence under 
diverse climatic conditions and management 
practices. Cynodon dactylon is the most prevalent 
species, and together with C. nlefuensis Vanderyst 
(stargrass) are the two most important species 
for forage production (Sollenberger et al., 2008). 
Stargrass is a robust non-rhyzomatous type, while 

bermudagrass is rhizomatous, and these two 
species are cross-compatible (Sollenberger et al., 
2008). There have been extensive efforts placed 
in breeding bermudagrass that resulted in multiple 
cultivar releases (Burton et al., 1967, 1972, 1984, 
1993). Interspecific hybrids between bermudagrass 
and stargrass have provided vital ecosystem 
services for decades and revolutionized the 
livestock and hay industry in the region (Corriher 
and Redmon 2009). In Florida, stargrass cultivars 
have been utilized, including ‘Ona’, ‘Florona’, and 
‘Florico’, and ‘Mislevy’ is a new bermudagrass 
cultivar released in 2019 (Vendramini et al., 2020). 

The growing needs for animal-based products 
in a world facing competing demands, climate 
variability, and emerging pests, require investments 
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in research on forage germplasm enhancement to 
breed novel cultivars that will provide an array of 
ecosystem services. Bermudagrass stem maggot 
(BSM) (Atherigona reversura Villeneuve) was 
first discovered in the United States in 2009 in Los 
Angeles, CA, and it has since spread throughout 
the southeastern United States and areas worldwide 
(Ribeiro et al., 2016; Patitucci et al., 2016; Baxter 
et al., 2019). The BSM damages all bermudagrass 
cultivars, leading to yield reductions of up to 50 
percent (Baxter et al., 2019).

In the southeastern USA, warm-season perennial 
grass productivity is limited during early spring 
and late autumn due to, among several factors, the 
most critical being lower temperature (Ball et al., 
1996). Hence, there is a need to develop cultivars 
with increased production during these periods 
to increase farmer’s profitability by decreasing 
the needs for stored forage and/or feeding 
supplementation and extend the grazing season 
and hay harvest season. Therefore, development 
and release of a bermudagrass cultivar with 
superior HA and NV, and BSM tolerance would 
provide economic benefits to livestock and forage 
producers. 

Materials and methods 
Study 1. Germplasm screening in multiple states 
in the southeastern USA

A collection of 286 accessions of Cynodon spp. 
were planted in replicated trials in Citra, Ona, and 
Marianna, FL, Tifton, GA, Jackson Springs, NC, 
and Ardmore, OK (Fig.1 A). Plots were harvested 
to determine HA and number of harvests ranged 
from three (Jackson Springs) to seven (Citra) per 
year. Additionally, four NV traits were measured 
in Citra, FL using wet chemistry analysis for 11 
harvests for a selected group of 15 genotypes 
(Lopes de Souza et al., 2020). Visual ratings for 
BSM damage were collected in Ona and Citra, FL 
and Tifton, GA (Fig.1 B). Variance components 
were estimated using linear mixed models and 
genetic parameters are reported for HA. Significant 
effects of variance components were tested using a 
Likelihood Ratio Test (LRT).

Study 2. Additional small-plot experiments in 
Florida

2.1 Multi-location trials were planted in spring 
2017 in Ona, Marianna, and Hague, FL. Plugs 
were propagated for each genotype and used for 
establishing the experiments under a RCBD with 

10 genotypes and 4 blocks (1.8 x 4.6 m plot size). 
Herbage accumulation was measured five times in 
each location in 2018 and 2019. 

2.2 Establishment trial planted in Gainesville, FL 
on 5/28/2020 using Tifton 85, Jiggs, Mislevy, PI 
316510 and Entry 286. Plots (1.5 x 12 m) were 
established using approximately 1600 kg ha-1 
of fresh cut tops (>6 weeks growth), following 
a RCBD with four replicates and a split-plot 
treatment arrangement. Herbicide treatments: 
dicamba (279 g active ingredient [a.i.] ha-1) + 
2,4-D (799 g a.i. ha-1; Weedmaster®, 7 days after 
planting -DAP), aminopyralid (92.7 g a.i. ha-1) + 
florpyrauxifen-benzyl (9.3 g a.i. ha-1; Duracor®, 7 
DAP), sulfosulfuron (52.5 g a.i. ha-1, Outrider®, 
14 DAP), and a control. Plots were fertilized with 
37, 9 and 28 kg ha-1 of N, P2O5 and K2O 30 DAP, 
and 60, 16 and 47 kg ha-1 of N, P2O5 and K2O 60 
days after planting. Plots were visually assessed 
30, 60 and 90 DAP for bermudagrass cover using 
a 0-5 scale, where 5 equal 100% cover.

Study 3. Ploidy determination

Flow cytometry was used to evaluate genome size 
of PI 316510 and other bermudagrass lines were 
used as internal standards. Chromosome counting 
in root tips were conducted in PI 316510 to confirm 
its ploidy. 

Results
Study 1. Germplasm screening in multiple states 
in the southeastern USA

The genetic variance for HA was significant (LRT 
P<0.05) in all locations for the single-location 
analysis, except for Marianna, FL; thus, Marianna 
was excluded from the multi-location analysis. 
The broad-sense heritability (H2) estimate for HA 
for the multi-location model was 0.12±0.02, and 
the genotype by location correlation was 0.32. 
These two parameters indicated the presence 
of genetic variation in the whole collection 
and showed a strong genotype by environment 
interaction for HA. A principal component 
analysis (PCA) analysis performed with genotypic 
values estimated for HA across four locations 
(Citra, FL, Tifton, GA, Jackson Springs, NC, and 
Ardmore, OK) demonstrated a clear genotype 
by environment effect for HA (Fig. 1 C). Some 
genotypes produced higher HA in Florida (entry 
322: PI 316510), compared to genotypes more 
adapted to higher latitudes (entries 283, 237, 256). 
Tifton85, produced high HA across most locations.
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A)     B)     C) 

Figure 1: (A) Replicated germplasm screening for herbage accumulation (HA) using 286 accessions 
of Cynodon spp. across the southeastern USA. (B) Bermudagrass stem maggot is a new threat to 
bermudagrass pastures in the southeastern USA. (C) Principal component analysis (PCA) showing a 
large genotype by environment interaction for HA across four locations (GNV: Gainesville, FL; GA: 
Tifton, GA; OK: Ardmore, OK; NC: Jackson Springs, NC).

The HA based on dry matter rankings is presented 
in Table 1 for a select group of entries and 
controls, for the data collected in Citra, FL and 
Tifton, GA. In this comparison, PI 316510 is the 
highest yielding line at Citra in 2015 and 2016, 
and it produced higher HA than all controls in both 
years. At Tifton, GA the HA for PI 316510 were 

lower than Tifton85 in 2015, but similar in 2016 
(data not presented).

Table 1: Predicted herbage accumulation (HA, kg/
ha), crude protein (CP), phosphorous concentration 
(P), in vitro digestible organic matter (IVDOM), 
and neutral detergent fiber (NDF) for PI 316510, 
Florida 44 and Tifton 85 in Citra, FL

Genotype HA-2015 HA-2016 CP g.kg-1 P g.kg-1 IVDOM g.kg-1 NDF g.kg-1

PI 316510   21,450* 21,150 139 a 3.2 a 557 a 662 a
Florida 44 17,020 17,250 127 a 2.9 ab 461 b 667 a
Tifton 85 18,100 19,480 133 a 2.8 b 541 a 693 b

Harvests = 5 Harvests = 6 Harvests 
=11 Harvests =11 Harvests =11 Harvests =11

*HA are predicted values across 286 accessions 
and post-hoc comparisons were not conducted. 
Nutritive value traits are means for 11 harvests 
and Tukey HSD Test was performed among 15 
selected accessions. Means with same letter do 
not differ statistically (P≤0.05). For more details: 
Souza et al., 2020.

All entries were visually rated for BSM and none 
of the entries exhibited complete BSM resistance. 
Tifton85 had the lowest BSM damage across 
commercial cultivars, while Coastal, FL44 and 

Jiggs ranked among the most susceptible (Figure 
3). PI 316510 had similar BSM damage to Tifton 
85 and Mislevy.

Figure 2: Bermudagrass stem maggot ratings 
across three locations. Rating scale of 1 to 9 
(scale: 1 = no visible damage; 9 = more than 
90% damage) and in Tifton on a scale of 0 to 5 
(scale: 0 = no visible damage; 5 = more than 90% 
damage). These are predicted values estimated for 
286 accessions and post-hoc comparisons were 
not conducted.



434

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

Study 2. Additional small-plot experiments in 
Florida

2.1 The averaged HA over 10 harvests (five in 
2018 and five in 2019) is presented in Figure 
3-A. PI 316510 was superior to Tifton 85 in total 
HA averaged over the two years in Hague and 
Marianna. Tifton 85 is currently among the most 
popular cultivar being planted on new fields in 
Florida and South Georgia. These data show 
considerable location variability for total seasonal 
yields. 

Plots were assessed for bermudagrass cover 30, 60 
and 90 DAP in Gainesville, FL (Figure 3-B). The 
PI 316510 has shown a much faster establishment 
rate than Tifton85 and other controls (Figure 3-B).

Figure 3: (A) Average herbage accumulation (HA; 
kg ha-1) per year in Citra, Ona, and Marianna FL 
across 10 harvests performed between 2017 and 
2018. (B)Bermudagrass plot cover 30, 60 and 90 
days after planting in Gainesville, FL

Study 3. Ploidy determination

It was determined that the ploidy of PI 316510 
is 2n=4x=36 using chromosome counts (Figure 
4-A), and by comparing its genome size with other 
known tetraploid bermudagrass cultivars (Figure 
4-B).

Discussion and Conclusions
The PI 316510 was obtained from the USDA-
NPGS and was tested in multi-location/multi-year 
trials, showing higher total HA and improved NV, 
faster establishment using tops, and similar BSM 
tolerance compared to Tifton 85. The PI 316510 
is tetraploid and could be used as a parent in 
crosses to continue the development of improved 
bermudagrass cultivars. The proposed cultivar 
name for PI 316510 is ‘Newell’, in honor of 
Dr. Wilmon Newell’s legacy in Florida and the 
University of Florida.
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Figure 4: (A) Chromosomes of PI 316510 root 
tips under 400x magnification (2n = 4x = 36) and 
(B) histogram of PI 316510 depicting the pro-
pidium iodide florescence area signals (FL2A) of 
the sample nucleic DNA.
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Abstract
Residual Feed Intake (RFI) is the difference between an animal’s actual feed and expected feed intakes 
for a given period of time. Literature shows that highly efficient animals have a negative or lower 
RFI. Thus understanding about RFI is important to maintain an efficient herd. A feeding trial was 
undertaken at a commercial farm in Sri Lanka having Frisian cross bred cows. The cows were fed with 
a grass-based Total Mixed Ration (TMR) having maize (Zea mays), CO3 (Pennisetum perpureum X 
Pennisetum americarnum), beer pulp (wet brewer’s grain), dhal meal (Lens culinaris), mineral mixture 
and commercial cattle feed. However, the milk yields were lower than expected affecting the farm profit. 
Thus a study was undertaken to test a new TMR with the hypothesis that the new TMR would enhance 
milk production of the cows. Eighteen, Frisian cross bred cows were randomly assigned into two groups 
(Treatment 1: existing TMR;  TMR 1) and Treatment 2: new TMR; TMR 2), in a Randomized Complete 
Block Design (RCBD). Each treatment had three replicates. Data were collected (daily feed intake, 
milk yield and live body weight of cows) for a 28 day period. Residual Feed Intake was derived by a 
regression model using feed intake and live weight data. Efficiency of Feed Utilization was calculated 
using cumulative milk yield and feed intake data. The RFI in Treatment 1 (0.42±0.197 kg/cow) was 
higher (P<0.05) than Treatment 2 (-0.45±0.197 kg/cow). Efficiency of Feed Utilization in Treatment 
2 (36% ±0.797 ml/cow) was higher (P<0.05) than Treatment 1 (29% ±0.797 ml/cow). The results 
show that the cows in Treatment 2 were more efficient than the cows in Treatment 1. Hence it can be 
concluded that the new TMR (TMR 2) consists of maize, CO3, Guinea grass (Panicum maximum), beer 
pulp, coconut (Cocos nucifera) poonac, rice bran, maize meal and mineral mixture was better than the 
exiting TMR (TMR 1). 
Introduction
The concept of Residual Feed Intake (RFI) is 
becoming important, and research has shown that 
RFI and feed conversion ratio (FCR) are heritable.  
Feed intake is affected by age, sex and composition 
of diet (Author and Herd 2008). 

The major constraint faced by the dairy farmers 
in Sri Lanka is the high feeding cost. Because 
the available natural forages are of low nutrient 
content. Hence in order to meet the daily nutrient 
requirement, farmers have to purchase nutrient 
rich concentrate feed ingredients at a high cost. 
Recently the Sri Lanka Government has imported 
Frisian cross bred dairy cows from Australia to 
distribute among the dairy farmers with the aim 
to increase the present milk production. The areas 
where the above cows were distributed experience 
tropical climatic conditions with an average 

daytime temperature of 300C. As being reared in 
temperate conditions since birth it was a major 
change for the cows. As a result the expected milk 
yield was not obtained from these cows. Many 
cows were stressed due to high temperature and 
humidity. The farm used for the present study 
reared these cows in house and fed with a grass 
based TMR having maize, CO3, beer pulp (wet 
brewer’s grain), dhal meal, mineral mixture and 
commercial cattle feed. However, the milk yields 
were lower than the expected with the present 
TMR affecting the farm profit. The average milk 
yield was 9.70 ± 14 litres per day far below the 
potential. Thus a feeding trial was undertaken 
using two TMR; existing TMR (Treatment 1;TMR 
1) and a new TMR (Treatment 2; TMR 2) with the 
hypothesis that the Treatment 2 would enhance 
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the milk production of cows. The objectives of 
the present paper were to estimate the RFI and 
Efficiency of Feed Utilization (EFU) related to the 
data obtained from the case study.

Materials and methods 
Research was undertaken between December 
2018 and February 2019 at a privately-owned 
dairy farm in the Intermediate Zone (7.4322° N, 
80.4438° E, altitude 66 m), Sri Lanka abiding 
to the general ethical guidelines adhered by the 
farm. Two total mixed rations prepared according 
to NRC (2001)[, 2001 #1044;NRC, 2001 #1044] 
were tested using 18 Frisian x Jersey cross bred 
lactating cows (age 3.5 years, average body 
weight 418 ± 13 kg) giving an average milk yield 
of 9.7 ± 14 litres (means ± SE). The cows were 

randomly assigned into two groups based on their 
body weight with each group having 9 cows. The 
experimental design was Randomized Complete 
Block Design with three replicates per each 
treatment (Karunarathna et al., 2019). The as fed 
composition of Treatment 1 and Treatment 2 are 
given in Table 1. Stall feeding was undertaken at 
5.30 and 17.00 hours daily and machine milking 
was practised at 3.30 and 15.30 hours daily. Water 
was available ad lib. Data (daily feed intake, milk 
yield and live body weight of cows) were collected 
for 28 day period. Residual Feed Intake (RFI) was 
derived by regression model provided by Arthur 
and Herd, (2008) using feed intake and live weight 
data. Efficiency of Feed Utilization (EFU) was 
calculated using cumulative milk yield and feed 
intake data. All the data were analysed using SAS 
(2002). 

Table 1: Composition of Treatment 1 and Treatment 2 (as fed basis)

Raw ingredient Treatment 1 % Treatment  2 %
Maize (whole plant without cobbs) 55.5 10
CO3 13.8 25
Guinea grass - 20
Commercial Cattle feed 11.1 -
Beer pulp 11.28 4
Dhal meal 5.55 -
Coconut poonac - 20
Rice bran - 10
Maize meal - 10
Mineral mixture 2.77 1
Total 100% 100%

Results 
Table 2: Residual Feed Intake (RFI), Efficiency of Feed Utilization (EFU) and mean milk yield of cows 
in two treatments (means ± SE).

Treatment RFI (kg/cow) EFU (%) Milk yield (ml/cow)
1 (TMR 1) 0.42 ± 0.197a 29% ± 0.797b 282.2 ± 7.85b

2 (TMR 2) -0.45 ± 0.197b 36% ± 0.797a 337.5 ± 7.85a

a b means within the same column with different superscripts are significantly different (p < 0.05).

Milk yield obtained from Treatment 2 was higher 
(P<0.05) than Treatment 1. The RFI in Treatment 1 
was higher (P<0.05) than Treatment 2. Efficiency 
of Feed Utilization in Treatment 2 was higher 
(P<0.05) than Treatment 1.

Discussion 
Residual Feed Intake (RFI) is the difference 
between the actual feed intake and expected feed 
intake of an animal depending on its size and 
growth (Author and Herd 2008) which is a trait 
related to feed efficiency yet independent of live 
body weight and  live weight gain (Basarab et 
al., 2003). Literature shows that highly efficient 
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animals have a negative or lower RFI (Athur and 
Herd 2008: Begli et al., 2016: Yi et al., 2018). If the 
RFI is negative it shows that the actual feed intake 
is lower than the expected feed intake. If that is the 
case, then the cost of production would be less in 
the farm (Basarab et al., 2003). Evaluating EFU 
is vital to rectify the issues related to high cost 
of feeding as EFU is estimated using the amount 
of production per unit of feed intake (Author and 
Herd 2008). Thus understanding about RFI and 
EFU is important to maintain an efficient herd. 

The results in the present study show that the 
cows in Treatment 2 had lower and negative RFI 
and a higher EFU than the cows in Treatment 1. 
According to the above results, the cows fed with 
Treatment 2 had produced higher milk yields while 
consuming less feed when compared to Treatment 

1. However as Archer et al., (2004) suggests 
the length of the research period is vital when 
analysing feed efficiency traits. Thus it is early to 
decide whether the Treatmen 2 (TMR 2) is more 
efficient than Treatment 1 (TMR 1) without long 
term research. Presently however, feeding TMR 2 
consisting of maize, CO3, Guinea grass, beer pulp, 
coconut poonac, rice bran, maize meal and mineral 
mixture has shown a positive impact compared to 
TMR1. 
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Abstract
Livestock production in the global south is at crossroads as there is a demand to increase Animal Source 
Foods to address hunger and pressure to lighten the environmental footprint often associated with 
livestock production.  To satisfy both needs, the use of technologies that improve animal performance, 
while reducing land use and net Greenhouse Gas emissions produced by animals is essential. One of 
such technologies are Urochloa forage grasses. 

Urochloa forage grasses are well known for their rusticity and their ability to grow in soils of low 
fertility and high aluminium content. These characteristics allow Urochloa to grow in areas temporally 
or spatially less suitable for crop production, but also have made ruminants production profitable in 
areas that would not be otherwise. However, productivity and sustainability of ruminant production in 
these areas is likely to fall within the next decade due to climate change unless action is taken.

Despite these known benefits of Urochloa forage species, breeding programs have long delayed 
initiation due to apomixes and differences in ploidy. In the mid-1980s, the development of suitable sexual 
germplasm allowed crossings, and therefore favoured the emergence of breeding programs. In recent 
decades, several advances in biology, molecular biology, phenotyping, population genetics, genomics 
and transcriptomics have generated a plethora of information that ought to be integrated for its use in 
a single breeding toolbox. We use the Theory of Change and Stage-Gate systems approach to review 
these advances in research and the utility of the current and future available tools. Further, we address 
the remaining lack of information, thus bridging the knowledge gap and enabling us to maximize the 
genetic gain in the different Urochloa breeding programs. In this way, we identify breeding bottlenecks 
and help to pinpoint priorities for Urochloa research and development.

Introduction
A cornerstone of sustainable development is seeking 
solutions that solve more problems with fewer 
resources. One novel solution for issues like food 
insecurity, climate change, and soil deterioration 
is the use of improved forages. Improved forage 
grasses such as Urochloa hybrids, are considered a 
sustainable way to grow food, via feeding animals, 
in low fertile soils that would be otherwise unfit for 
planting crops for human consumption. Urochloa 
hybrids are an excellent source of animal feed 
(Baptistella et al., 2020) while also improving soil 
health (Horrocks et al., 2019). However, Urochloa 
research and development has been stifled due to 
the lack of understanding of needs among different 
stakeholders, as well as dearth of recognition. 

In this paper, we explore what barriers exist to the 
advancement of Urochloa research, breeding and 
dissemination through an approach that combines 
the principles of theory of change (ToC) (CIAT 

2019) with the principles of the stage-gate system 
(SGS) (Cooper et al., 2002). The ToC approach 
is a testable model of how and why change is 
expected to happen along an impact pathway in a 
particular context. Meanwhile, the SGS model is a 
methodology for conceptualizing, developing and 
commercializing new products. Considering the 
multisector nature of Urochloa research (research 
and development institutions such as the Alliance 
of Bioversity International and CIAT (the Alliance), 
national public development centers, private seed 
sector companies), using ToC and SGS helps 
to capture the nuanced roles of different actors 
and demonstrates the importance of multisector 
integration to address the lack of sufficient cost-
effective, efficient and resilient forage options for 
the different markets in the tropics. Further, a ToC 
and SGS allows us to define which mechanisms 
ought to be implemented to contribute to outcomes 
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(changes in behaviour because of activities, 
products and services) and the ultimate impact we 
aim to attain in a causal way, thus expressing the 
plan of action.

In using the ToC/SGS approach, our team 
contextualizes 1) the landscape of current Urochloa 
breeding; 2) outlines the changes we wish to see, 
in terms of outcomes and impacts; 3) provides a 
plan for how to obtain desired changes and; 4) 
states key actors involved in making the change. 
Ultimately, we explain how a public-private multi-
sectoral approach aligned around a clear breeding 
development process could create and disseminate 
grass forage hybrids that are adapted to key regions 
and markets, thus helping to solve issues of food 
security, climate change and soil deterioration. 

Materials and methods 
The causal nature of ToC and SGS is useful for 
highlighting the breeding process that we use to 
examine the concrete steps needed to develop 
effective grass forage hybrids. As suggested by 
the SGS principles, the whole forage hybrid 
development process, from the new product idea 
creation to dissemination was fragmented in 
different stages (Product design, Pre-breeding, 
Breeding, Testing for Adaptation, Seed Production 
and Registration, Launching and Dissemination). 
For each stage, we identified key actors, inputs, 
outputs, and outcomes needed to ensure each of 
the stages throughout the development of new 
hybrids is satisfied, so that it is possible to create 
affordable, accessible, and approachable Urochloa 
hybrids.

Results
Stages and Gates of Urochloa Research

Next, we will describe the operation of the Urochloa 
hybrid research and development process, with the 
implementation of the proposed ToC and SGS. In 
the product design stage (Stage 1), we understand 
the final user needs and based on that, describe 
the traits that will be required in the desired final 
product. After a screening of ideas by a cross-
functional team which evaluates the balance 
of magnitude of the “change expected” versus 
“cost and feasibility”, several ideas of products 
are discarded but few are advanced to the next 
breeding stage. For instance, at the Alliance, one 
of the product lines that successfully went through 
this initial stage is the production of “interspecific 

Urochloa hybrids for the East African market 
(UHxEA), adding new traits (drought and spider 
mite resistance) to our already commercial 
hybrids”. Then, during the pre-breeding (Stage 2), 
the source genetic material to satisfy the required 
traits needs to be identified within available 
genetic diversity units (genebanks or nature), 
and proper screening methodologies (phenotypic 
and genotypic tools) should be developed. Once 
sources of desirable traits and screening tools 
are available (Pre-Breeding), crossing different 
genotypes (Stage 3: Breeding) and testing (Stage 
4: Testing for Adaptation) to attain those traits 
is crucial to ensure that the resultant hybridized 
materials are suitable in the target environment. 
If successful, it is possible to scale-up the seed 
production and registration of these hybrids (Stage 
5), and finally impact is sustained by encouraging 
the use of forage hybrids as a means to address 
challenging development problems (Stage 6: 
Launching and Dissemination).

Stage 1: Product Design

In order to characterize the demand for forages, 
various desired biophysical qualities to describe 
the regions where the Urochloa forages are 
demanded (soil, biophysical characteristics 
of the various environments), as well as the 
socio-economic characteristics of the farmers 
in those regions (characteristics of target users) 
are identified. Then the information is logged 
into a centralized database and populated with 
data on suitable regions, consumer Urochloa 
preferences and needs, and suitable germplasms 
(for testing desired traits). By involving actors 
from developmental sectors, government 
agencies, and NARS (cross-functional team) to 
define these demands, we can not only socialize 
the importance of a centralized database but also 
identify Urochloa demands across various sectors. 
Access to a centralized database of information 
about different germplasms and genes (the 
building blocks for breeding) as well as demands 
(including consumer preferences, regional needs, 
and user needs) allows researchers to select the 
adequate traits and qualities for hybrid creation. 
Using the information and expertise collected, 
the cross-functional team filters and prioritizes 
the traits required in the desired product, which 
guarantee the satisfaction of a clearly delineated 
market segment in a document known as the 
product profile.
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Stage 2: Pre-breeding

To respond to the market needs described in the 
product profile, biological sources of the required 
traits should be identified. For instance, as drought 
tolerance is requested in the UHxEA profile, a 
screening into the genetic resources is needed 
in order to identify potential donors of this trait, 
which can be used as founders/parents of breeding 
families/populations. Simultaneously, adequate 
methodologies to discriminate best genotypes for 
the desired traits should be created during this 
stage. These can be either phenotyping tools (like 
field or glasshouse high-throughput methodologies 
to test the performance under drought conditions 
in the case of the UHxEA profile) or genotyping 
tools (like genomic selection), which will allow 
researchers to identify best hybrids along the 
whole breeding process.

Stage 3: Breeding

Having adequate founders/parents, as well as 
phenotyping and genotyping tools in hand, allows 
recurrent cycles of crosses among desirable parents 
and selection of the best hybrid progeny, through a 
breeding process called recurrent selection which 
is carried out during the breeding stage. We prove 
efficiency by creating progeny of around eight 
thousand individuals and test them for various 
desired traits, followed by selecting grass forage 
hybrids with at least 1.5 overall genetic gain 
compared to local varieties.

Stage 4: Testing for Adaptation

The best performing hybrids from Stage 3 are 
tested in more locations in order to identify which 
hybrids are not only performing the best under 
Alliance research nursery and station conditions, 
but are also stable, resilient and promising in 
terms of seed production. At this stage, around 
100 hybrids are tested in at least four locations 
representative of the target market, while only 
the best and most stable hybrids (around 10) are 
advanced to the next stage. 

Stage 5: Seed Production and registration

If the regulatory environment is linked through 

participation of key enabling actors from a 
variety of sectors, and agreements of cooperation 
are secured, then the registration process is 
circumvented to allow for testing and adaptation, 
seamless dissemination in various biophysical 
environments and different productive systems.  
Technical information is consolidated and 
developed for seed production guidelines. 
Key partners help harmonize registration and 
certification and any outstanding grass forage 
hybrids (at this stage few hybrids are maintained 
in the pipeline, usually less than 10 promising 
individuals) are adapted to specific regions/
markets and demonstrate improved performance.

Stage 6: Launching and Dissemination

With the support of public and private sector 
dissemination actors, information about the 
potential economic gains, as well as all required 
technical information to support the Urochloa 
implementation as forages are conveyed to 
farmers, the target users now understand the long-
term gains of such investment. Financial, political 
and educational frameworks are functioning and 
support the adoption of Urochloa seeds in contexts 
of sustainable intensification. 

Discussion
Understanding the needs and potential of all 
stakeholders involved along the Urochloa 
hybrid research-development and dissemination 
pathway could help make crucial improvements 
in Urochloa breeding as well as improving access 
and suitability of Urochloa seeds. Advancements 
in research through increased efforts and alignment 
among actors may make critical improvements 
for forage research, making dissemination easier, 
faster, and seeds better suited for the particular 
environment where it aims to be used. The higher 
the dissemination, the more effectively these 
hybrids will support rural livelihoods and some of 
the world’s most vulnerable smallholders.
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Abstract
Irrigated pastures are used for dairy production in South Africa. Minimum-tillage and nitrogen (N) 
fertilisation are important management practices for kikuyu (Pennisetum clandestinum) and ryegrass 
(Lolium spp.) pastures. Nitrogen fertiliser application rates as high as 500 kg N ha-1 year-1 have been 
reported. Conventional tillage as well as cutting and removal of herbage material (opposed to removal 
through grazing) are the basis on which these fertiliser guidelines were developed. The current 
management practices have substantially changed the soil organic carbon and N stoichiometry. The 
aim of this study was to determine an optimum rate of N application of kikuyu and kikuyu-ryegrass 
pastures. Five fixed N fertiliser rates (0, 20, 40, 60 and 80 kg N ha-1 grazing cycle-1) were evaluated. Soil 
characteristics and pasture performance were monitored over a two year period. Nitrate concentrations 
and total mineral soil N were substantial, compared to the control, when more than 40 kg N ha-1 grazing 
cycle-1 were applied, leading to potential losses to the environment. Differences in biomass production 
were mostly due to seasonal variation, while N treatment effects within a season were generally small. As 
N treatments increased on both the study sites, the self-sown clover component decreased. Agronomic 
nitrogen use efficiency was similar across treatments and seasons on both sites, with the exception of 
winter in the first year on the kikuyu-ryegrass site. The results indicate that the soil could be saturated 
with N, at least to a point where herbage production response is minimal. A positive response in terms 
of crude protein was observed in some of the higher N treatments, but up to a point where it was no 
longer favourable for milk production. It is therefore concluded that the current N guidelines needs to be 
revisited as they pose a risk to the environment and farm economics. 

Introduction
Kikuyu has undesirable characteristics for dairy 
production which include low winter and spring 
production, low nutritional quality and mineral 
imbalances (Marais 2001). However, as it has 
hardy rhizomes and stolons, no cost effective 
method was found to eradicate kikuyu and research 
rather attempted to incorporate it into pasture 
systems (Botha 2009). The effort to remove kikuyu 
exposed its value as a pasture base due to its 
tolerance to trampling from grazing. Kikuyu is an 
important  pasture base in dairy producing systems 
in the southern Cape region of South Africa, as 
well as in other pasture dairy producing areas of 
the world (Garcia et al., 2014). Nitrogen, together 
with irrigation when rainfall is insufficient, and a 
temperate climate is conducive to kikuyu growth. 
During times of low productivity in autumn and 
winter, ryegrass is often sown into the kikuyu base.

To obtain high yields from the kikuyu-
ryegrass pasture, N is often applied in excess of 
500 kg N ha-1 year-1, which is a large financial input. 

Previous N fertilisation research were performed 
on conditions that are dissimilar to current 
management practices. Historically, pasture soils 
were conventionally tilled compared to current 
no-tillage. Past research was also based on small 
plot trials, where herbage material was cut and 
removed, as opposed to situations where herbage 
is removed through grazing and nutrients returned 
through excreta. Under the current management 
practices, organic carbon and N the soil have 
changed substantially (Swanepoel et al., 2017)
although few studies attempt to link soil quality 
to yield. Partial least-squares regression analysis 
is a suitable method to construct predictive models 
around plural, highly collinear factors, such as soil 
quality and its effects on yield. This study aimed at 
identifying the soil quality properties which best 
model pasture herbage yield by relating soil quality 
indicators with variations in yield as a result of 
soil disturbance caused by tillage. The study was 
conducted on kikuyu (Pennisetum clandestinum. 
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Dairy cows excrete a considerable amount of N 
and therefore applying the current N guidelines 
might lead to N losses. The aim of this study was 
to revisit the current guidelines and to determine 
an optimum rate of N application of kikuyu and 
kikuyu-ryegrass pastures.

Materials and methods 
The study site, located on the Outeniqua Research 
farm, near George in the Western Cape of South 
Africa, has a temperate climate with rainfall (long-
term average of 728 mm) distributed throughout 
the year. Winter months were June, July and 
August. Spring months were September, October 
and November. Summer included the months of 
December, January and February, while autumn 
was characterised as March, April and May.

Two distinct trials were conducted on separate 
pasture sites from April 2016 until March 2018. 
Past management on both sites consisted of a 
kikuyu base over sown with ryegrass by means 
of minimum tillage practices and receiving 
approximately 40 kg N ha-1 after each grazing. The 
first trial was comprised of long term established 
kikuyu (local strain) (KLS) only, which was 
slashed with a mower in autumn each year to keep 
the pasture from becoming fibrous. The second 
trial site consisted of kikuyu over sown with 25 
kg ha-1 annual ryegrass (Lolium multiflorum cv. 
Barmultra II) (KRB) in autumn, on 4 April 2016 
and again on 17 March 2017. 

Both trials were conducted in a randomised block 
design consisting of four blocks allocated five N 
treatments each. Jersey cows grazed the pasture 
sites approximately once a month, resulting 
in approximately 11 grazing cycles within a 
production year. The treatments were applied 
as limestone ammonium nitrate at rates of 0, 20, 
40, 60 and 80 kg N ha-1 after every grazing event 
(approximately 0, 220, 440, 660 and 880 kg N ha-1 
year-1). Irrigation scheduling was done according 
to tensiometers. 

Soil samples were taken before grazing from each 
plot to a depth of 100 mm to determine mineral 
N content  (Keeney and Nelson 1982; Cataldo et 
al., 1975). Five rings (0.0985 m2) were used to cut 
pasture biomass samples with a hand shear to a 
height of 30 mm above ground level to determine 
the biomass prior to every grazing event. Once 
per season, three additional rings were cut to 
determine botanical composition (proportion 
of kikuyu, ryegrass, other grasses, legumes 

and weeds). Crude protein (%) was determined 
from the biomass samples by multiplying the 
total N obtained from the Kjeldahl method with 
6.25. Agronomic N use efficiency (ANUE) was 
determined as the amount of pasture produced in 
response to N fertiliser applied to pasture (kg DM 
kg-1 N ha-1hahahhklj) (Equation 1).

Results
The effect of N fertiliser rates on pasture 
characteristics

At both pasture sites, KLS and KRB, pasture 
production was not influenced by the interaction 
(p≥0.05) between season and N fertilisation but 
was affected by both main effects (p<0.05). In the 
KLS pasture site, the annual production ranged on 
average  from 21.1 t DM ha-1 in the N0 fertilisation 
treatment to 24.5 t DM ha-1 in the N80 fertilisation 
treatment, while in the KRB site it ranged 
from 19.4 to 23.5 t DM ha-1 in the N0 and N80 
treatments, respectively (data not shown).  Results 
generally showed that applying N fertiliser across 
the range of treatments (N20, N40, N60 or N80) 
resulted in similar biomass production (p≥0.05) 
within a season (KLS data shown in Table 1; see 
Viljoen et al., 2020 for KBR data). Even applying 
no N sometimes resulted in biomass production 
similar (p≥0.05) to the highest fertilisation rate 
(N80), as seen in spring 1 and 2, as well as winter 
and autumn of year 2 on the KLS site (Table 1). 

The botanical composition of the pasture differed 
primarily due to seasonal effects, rather than 
N fertilisation or an interaction between the 
two main effects on both sites. The exceptions 
were the kikuyu grass and the volunteer legume 
fractions (only volunteer legume data is shown). 
The response to N fertilisation changed (p≥0.05) 
during the seasons. The volunteer legume 
fraction, consisting mostly of Trifolium repens, 
was negatively correlated with N fertilisation 
(Table 1). At both sites, the lowest N fertilisation 
rate resulted in the highest volunteer T. repens 
contribution, typically more than 20%.

Season influenced (p<0.05) how crude protein 
content responded to N fertilisation at both sites 
(Table 1). At both sites, high N fertilisation 
treatments resulted in high crude protein contents 
and an overall lower crude protein content in 
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summer and spring compared to winter. The 
efficiency with which N was used by the pasture 
was generally low and no differences between 
fertiliser treatments were observed (Table 1). For 
all N fertilisation treatments at the KLS site, 16 
kg DM ha-1 was the highest amount of biomass 
produced from 1 kg N ha-1, with the average being 
5.85 kg DM kg-1 N ha-1. The KBR site showed a 
similar trend, with the average ANUE of 5.41 kg 
DM kg-1 N ha-1.

The effect of N fertiliser rates on soil 
characteristics

The response of soil mineral N to N fertilisation 
differed (p<0.05) across seasons at both sites. 
Throughout the trial period, N0, N20 and N40 
showed similar (p≥0.05) soil mineral N contents. 
In the KLS site, a build-up (p<0.05) of mineral N 
was observed during winters and spring of both 
years in treatments N60 and N80 (Table 1). At the 

KBR site, soil mineral N also increased (p<0.05) 
in the N60 and N80 treatments compared to N0, 
N20 and N40 from winter to summer (data not 
shown). During autumn 1, all treatments on both 
sites had a similar (p≥005) total soil mineral N of 
roughly 20 mg kg-1. During the second year, the 
KBR site showed results similar to the KLS site, 
with high winter mineral N contents in N60 and 
N80, and a decrease in spring.

Table 1: The mean seasonal biomass (t ha-1), 
legume contribution (%), crude protein (%), 
agronomic nitrogen use efficiency (ANUE; kg DM 
kg-1 N ha-1) and total soil mineral N (mg kg-1) of 
the pure kikuyu pasture (KLS) for N fertilisation 
treatments (N0, N20, N40, N60, and N80) in 
different seasons. The standard error of the mean 
is shown in brackets. Means in the same column 
with no common superscript differed (p<0.05). 
The number following the season denotes the year 
(1 = 2016/2017; 2 = 2017/2018)

Biomass Legume contri-
bution Crude protein ANUE Soil mineral N

W
in

te
r 1

N0 4.74 nopq (0.59) 6.33 ghijk (2.43) 19.90 
lmno 

(0.75) 12.17 
ef 

(2.31)

N20 5.66 ijkl (0.12) 13.40 

defghij 
(4.00) 20.94 

hijklmn 
(0.57) 15.36 

a 
(9.65) 17.99 

ef 
(2.70)

N40 5.47 jklm (0.33) 19.52 cdef (1.88) 22.76 

defgh 
(0.77) 6.08 

abc 
(2.73) 15.18 

ef 
(2.33)

N60 5.91 hijk (0.17) 4.29 ijk (1.64) 24.59 
bcd 

(0.48) 6.47 
abc 

(2.73) 22.48 
def 

(3.34)

N80 5.99 ghij (0.63) 17.29 
cdefg 

(7.83) 27.59 
a 

(1.11) 5.20 
abc 

(0.40) 43.36 
bcd 

(16.49)

Sp
rin

g 
1

N0 6.63 efgh (0.31) 22.88 bcd (3.99) 15.93 
rst 

(0.65) 9.33 f (1.34)

N20 7.11 bcde (0.41) 15.70 
defghi 

(5.19) 14.77 
t 

(0.46) 8.03 
abc 

(11.49) 12.33 
ef 

(4.81)

N40 7.33 abcd (0.26) 10.1 
efghijk 

(2.17) 16.84 
rs 

(0.31) 5.83 
abc 

(2.33) 9.57 f (1.01)

N60 7.02 bcde (0.12) 4.96 ijk (0.80) 20.27 
jklmno 

(1.21) 2.15 bc (2.19) 52.61 
bc 

(16.76)

N80 6.92 cdef (0.34) 8.35 fghijk (2.15) 22.45 
efghi 

(1.22) 1.23 bc (1.64) 86.95 a (26.85)

Su
m

m
er

 1

N0 6.74 defg (0.31) 32.45 b (6.20) 16.09 
rst 

(0.37) 11.17 
ef 

(0.25)

N20 7.54 abc (0.10) 8.58 fghijk (4.86) 16.84 
qrs 

(1.30) 13.42 
ab 

(5.26) 11.71 
ef 

(0.62)

N40 7.20 bcde (0.50) 7.59 ghijk (4.10) 18.83 
opq 

(0.72) 3.86 
abc 

(3.95) 14.55 
ef 

(2.36)

N60 7.73 ab (0.18) 3.94 jk (1.67) 21.40 
ghijklm 

(0.43) 5.53 
abc 

(1.89) 15.67 
ef 

(3.14)

N80 8.01 a (0.28) 4.33 ijk (1.78) 22.63 
defgh 

(1.22) 5.29 
abc 

(1.29) 14.62 
ef 

(4.30)
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A
ut

um
n 

1
N0 5.12 lmno (0.22) 27.72 bc (6.19) 19.47 

mno 
(0.82) 18. 

19 ef 
(1.15)

N20 5.18 
klmno 

(0.18) 11.51 
defghijk 

(5.90) 20.54 
ijklmno 

(1.27) 1.02 c (4.29) 19.09 
ef 

(0.93)

N40 5.38 
jklmn

(0.12) 4.40 ijk (1.73) 23.05 
cdefg 

(0.50) 2.18 bc (1.54) 21.05 
ef 

(4.11)

N60 6.27 fghi (0.21) 4.35 ijk (3.21) 24.11 
cdefg 

(0.30) 6.38 
abc 

(0.74) 18.17 
ef 

(1.73)

N80 5.82 ij (0.23) 3.58 jk (1.64) 25.03 
bc 

(0.74) 2.90 bc (1.88) 30.04 
def 

(2.93)

W
in

te
r 2

N0 1.95 stuv (0.09) 21.55 cde (6.43) 21.83 
fghijkl 

(1.04) 13.08 
ef 

(1.17)

N20 2.37 rst (0.15) 10.24 
efghijk 

(3.83) 19.48 
mnop 

(1.36) 10.55 
abc 

(5.57) 14.50 
ef 

(1.53)

N40 2.22 rstu (0.07) 4.46 ijk (2.59) 23.48 
cdefg 

(0.86) 3.38 
abc 

(1.61) 31.40 
cde 

(1.46)

N60 2.68 r (0.08) 7.60 ghijk (3.40) 26.21 
ab 

(0.60) 6.08 
abc 

(0.94) 58.26 
bc 

(14.30)

N80 2.55 rs (0.07) 6.02 hijk (1.66) 23.23 
cdefg 

(2.22) 3.77 
abc 

(0.52) 51.24 
bc 

(14.61)

Sp
rin

g 
2

N0 4.26 pq (0.21) 43.70 a (6.80) 17.52 
pqr 

(0.44) 11.49 
ef 

(1.61)

N20 4.97 lmno (0.30) 21.70 bcd (6.68) 16.29 
rst 

(0.82) 11.75 
abc 

(3.92) 11.79 
ef 

(1.46)

N40 4.59 opq (0.11) 13.74 
defghij 

(7.17) 16.24 
rst 

(0.61) 2.72 bc (1.76) 10.28 f (2.44)

N60 4.89 
mnop 

(0.25) 12.99 
defghij 

(3.14) 19.08 
nop 

(0.76) 3.48 
abc 

(2.13) 32.72 
cde 

(12.38)

N80 4.59 opq (0.17) 6.37 hijk (2.05) 19.09 
nop 

(1.12) 1.37 bc (1.32) 25.06 
def 

(8.09)

Su
m

m
er

 2

N0 4.06 q (0.20) 21.33 cde (4.84) 16.49 
rst 

(0.34)

N20 4.98 
lmnop 

(0.30) 11.86 
defghijk 

(4.28) 15.08 
st 

(0.61) 10.20 
abc 

(5.74)

N40 4.76 
mnop 

(0.40) 11.91 
defghijk 

(6.71) 16.95 
qrs 

(0.81) 10.99 
abc 

(11.05)

N60 4.80 
mnop 

(0.38) 6.80 ghijk (3.06) 20.10 
klmno 

(0.34) 2.39 bc (1.94)

N80 5.01 
lmnop 

(0.35) 2.41 jk (1.18) 21.44 
fghijklm 

(1.32) 2.68 bc (1.59)

A
ut

um
n 

2

N0 1.41 v (0.11) 16.74 
defgh 

(3.60)

N20 1.59 uv (0.06) 12.00 
defghijk 

(3.77) 8.98 
abc 

(6.49)

N40 1.66 tuv (0.18) 6.91 ghijk (5.67) 6.29 
abc 

(3.96)

N60 1.79 tuv (0.08) 1.53 k (0.56) 6.30 
abc 

(1.03)

N80 1.83 stuv (0.08) 9.33 fghijk (4.43) 5.34 
abc 

(1.84)
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Discussion
Pastures in the southern Cape of South Africa 
could be managed productively with fertiliser 
application rates lower than the current N 
guidelines. A rate lower than 200 kg N ha-1 year-1 is 
suggested on both the KLS and the KRB (Viljoen 
et al., 2020) site. A collective approach, looking at 
both the pasture and soil characteristics, should be 
followed to determine an N fertilisation rate that 
would be both financially and environmentally 
conscious. 

Biomass production was minimally affected by 
N and was more influenced by seasonal changes. 
Thus, it does not make financial sense to apply 
high rates when the production does not reflect it. 
Crude protein was used as a measure of quality of 
the pasture. Jersey cows used in this study (small 
breed lactating cows) require a crude protein 
content of  between 15 and 19% (NRC 2001; 
Frank and Swensson 2002; Radostits et al., 2006)
we test the small molecule flexible ligand docking 
program Glide on a set of 19 non-α-helical peptides 
and systematically improve pose prediction 
accuracy by enhancing Glide sampling for flexible 
polypeptides. In addition, scoring of the poses 
was improved by post-processing with physics-
based implicit solvent MM- GBSA calculations. 
Using the best RMSD among the top 10 scoring 
poses as a metric, the success rate (RMSD ≤ 2.0 
Å for the interface backbone atoms. As seen in 
the current study, applying 60 and 80 kg N ha-1 
generally resulted in crude protein contents higher 
than the recommended rate on both sites. High 
crude protein contents, above what is required by 
the cows, results in a decreased milk production 
(NRC 2001)DC”,”title”:”Nutrient requirements of 
dairy cattle”,”type”:”book”},”uris”:[“http://www.
mendeley.com/documents/?uuid=bb838bae-9b07-
472c-adca-750400c09817”]}],”mendeley”:{“for
mattedCitation”:”(NRC 2001 due to an increased 
N excretion by the cow and thereby lowering the 
N efficiency of the cow (Olmos Colmenero and 
Broderick 2006). The heat stability of the milk also 

decreases, which is undesirable for milk processors 
(Reid et al., 2015). Legumes have the potential to 
add N to the system through biological N fixation. 
As seen in the current study, high N rates result 
in a lower legume contribution. Producers could 
benefit from low amounts of N by financial saving 
and an increase in the nutritional quality of the 
pasture that accompanies pasture with higher T. 
repens content (Botha et al., 2008).

The build-up of total mineral soil N, which consists 
of plant available nitrate and ammonium, in the 
high N treatments (N60 and N80) has the potential 
to cause environmental losses. Nitrate could leach 
into the ground water when it is available in excess 
and cause eutrophication. Nitrogen fertiliser 
increase the amount of nitrous oxide being released 
into the atmosphere. This was confirmed in a study 
by Smit et al., (2020) that showed the increase of 
nitrous oxide losses as fertiliser increased from N0 
to N80 on the same site as the current study.

Concurring with Viljoen et al., (2020), the results 
suggest that both pasture sites contain enough N 
to sustain the pasture. The N inputs from animal 
excreta were estimated to be in the range of 450 kg 
N ha-1 year-1 on the same site with the same study 
design as the current study (Smit et al., 2020). The 
current guidelines could be adjusted downward to 
less than 200 kg N ha-1 year-1 (Viljoen et al., 2020) 
for kikuyu and kikuyu-rye grass pastures managed 
under long term minimum tillage practices, at least 
for the first two years after receiving approximately 
350 kg N ha-1 year-1. This will ensure both financial 
savings and reduce environmental risks.
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Abstract
Bermudagrass (Cynodon sp.) is an important perennial forage grass grown in many parts of the 
world.  Bermudagrass Stem Maggot (BSM) (Atherigona reversura Villeneuve) is an insect pest that 
reduces forage yield and nutritive value if it is not controlled. The pest, native to SE Asia, was first 
documented in North America in 2009 and is now considered invasive. A collection of over 300 forage 
bermudagrass accessions was evaluated in the field for susceptibility to BSM in 2014 and 2015. Tolerant 
lines and susceptible checks were then evaluated for yield loss due to BSM in a replicated field study 
by comparing insecticide-sprayed plots to unsprayed plots in Tifton, GA starting in 2016 continuing 
through the summer of 2019. For mid to late summer harvests during 2017, BSM reduced yield of Alicia 
and Russell by over 40% and Tifton 85 by up to 35%. However, tolerant accessions exhibited less than 
10% yield loss and had dry matter yields comparable to Tifton 85. Nutritive value will also be assessed. 
These accessions will be further evaluated and used in plant breeding.

Introduction
Bermudagrass (Cynodon dactylon) is a primary 
forage crop for the Southeastern US. It is a 
perennial warm-season forage grass that covers 
millions of hectares of pasture for grazing and hay 
production. However, it has been invaded by the 
invasive bermudagrass stem maggot (BSM) has 
damaged bermudagrass pastures and hayfields 
throughout the Southeast (Baxter et al., 2014). The 
adult is a small fly that can travel to neighbouring 
pastures and lay eggs on the bermudagrass 
leaf. Once hatched, larvae feed outwards from 
the terminal node of the plant and kill the top 
2-3 leaves on the stem, stopping growth of the 
damaged tillers and reducing the number of tillers 
on the plant (Baxter et al., 2014). Since 2010, 
BSM has spread throughout the South-eastern US, 
damaging bermudagrass hayfields and pastures 
as far north as North Carolina and Kentucky and 
as far west as Texas (Baxter et al., 2014). BSM 
has also been observed on stargrass in Central 
America in recent years (personal observation). 
Stargrass (Cynodon nlemfuensi Vanderyst) and 
cultivars such as ‘Tifton 68’ [Burton and Monson, 
1984] or ‘Tifton 85’ [Burton et al., 1993] were 
shown to have less BSM damage than fine-

textured bermudagrass (Cynodon dactylon (L.) 
Pers.) varieties such as ‘Coastal’, ‘Alicia’, and 
‘Russell’ (Baxter et al., 2015). Additional field 
work verified that fine-stemmed bermudagrass 
lines are more susceptible and that Alicia, Coastal 
and Russell had yield losses as high as 60% due 
to BSM during late summer harvests (Baxter et 
al., 2019).  Tifton 85 suffered enough yield loss to 
warrant the need for new cultivars that are more 
resistant to or tolerant of BSM. Thus, a screening 
of available bermudagrass germplasm is necessary 
for breeding and development of improved 
cultivars.  This study used the bermudagrass 
core collection (Anderson, 2005) and additional 
germplasm to screen for BSM tolerance.

Materials and methods 
A collection of over 300 forage bermudagrass 
accessions was evaluated in the field for 
susceptibility to BSM among other traits. The 1 m2 
plots were established using vegetative material 
that originated from a core collection from Tifton, 
Ga (Anderson, 2005) and additional germplasm 
from USDA-GRIN. Pots (10 cm) were established 
from a single sprig during the fall of 2014 and 
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transplanted into two randomized replications at 
three locations (Tifton, Ga; Citra, FL; Ona, FL) in 
the spring of 2015. Visual ratings (0 = no visible 
damage to 5 = over 80% damage to upper 3 leaves) 
were made for two years (2015 and 2016) at Citra 
and Tifton and during 2015 at Ona. Plots were 
harvested 5 times in 2015 and four times in 2016 at 
Tifton, GA. The 15 most tolerant (rating < 2) with 
the best yield were advanced for further analysis. 
Pots (10 cm) were established using vegetative 
material of the 15 lines plus 5 checks (Tifton 85, 
Alicia, Russell, Jiggs and stargrass) in the spring 
of 2016 and transplanted to plots (2 m x 6 m).  
Plots were arranged in four pair-plot randomized 
replications. Entries were evaluated for yield loss 
due to BSM by comparing sprayed to unsprayed 
plots within the paired plots in Tifton, GA starting 
in 2016, through the summer of 2019. Plots were 
harvested once in the fall of 2016, 5 times in 2017 
and 2018, and four times in 2019. Yield of each 
plot was recorded, and an approximately 300 g 
sample retained from each plot. Samples were 
weighed wet, dried at 50o C, and weighed dry to 
determine dry matter content. Samples were then 
ground with a Wiley Mill, then a Cyclone mill and 
evaluated by Near Infrared Spectroscopy (NIRS) 
with a FOSS 6400 spectrometer from a calibration 

for in vitro dry matter digestibility (IVDMD), 
neutral detergent fibre (NDF) and acid detergent 
fibre (ADF).  NIR equation accuracy at this lab 
has been verified by the National Forage Testing 
Association (NFTA, 2019) and all prediction 
models were provided by the NIRS Consortium 
(NIRSC, 2019). Data were analysed using Proc 
Mixed in SAS 9.4 (Littell, 2006).

Results
Reduction in Yield from BSM 

Susceptible cultivars experienced a large yield loss 
primarily in hay harvests from July through October.  
Some of the greatest losses were observed during 
September (Table 1).  A number of accessions had 
significantly less yield loss than current cultivars.  
Previously, Tifton 85 was identified as one of 
the most tolerant cultivars (Baxter et al., 2019). 
However, many PI accessions were more tolerant 
than Tifton 85 to BSM damage. 

Table 1: The percent reduction in yield of 
bermudagrass plant introduction (PI) and cultivars 
due to BSM in September of years 2016 to 2108 
in Tifton, GA, USA (Same letters in a column 
indicate non- significant differences at p = 0.05 
level)

Entry 2016 % Red. 2017 % Red. 2018 % Red. Mean
PI 294467   6.6   a 17.0 a-c 14.2    a 12.5
PI 290901   7.7 ab 19.1 a-d   5.6    a 10.8
PI 290812   9.5 ab 18.8 a-d 26.6 a-e 18.3
Breeding Line 10.3 ab 15.1  ab   9.6    a 11.7
PI 290664 11.1 ab 12.3    a 19.5 abc 14.3
PI 290872 19.2 ab 16.2 a-c   8.0    a 14.5
Tifton 85 18.5 ab 51.1   fg 24.4 a-d 31.3
Jiggs 47.4   c 57.4  gh 31.1 b-f 45.3
Alicia 40.3   c 70.1    h 59.4    f 56.6

Yield Potential of BSM tolerant accessions 

The most tolerant accessions also produced the most hay biomass over years at Tifton, GA (Table 2).  
These accessions have generally coarse stems but less coarse than Tifton 85.  

Table 2: Total dry matter yield (kg/ha) of bermudagrass plant introduction (PI) and cultivars in unsprayed 
plots from 2017-2019 at Tifton, GA. (Bold numbers in a column indicate significant differences from 
Tifton 85 at p = 0.05 level)
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Entry 2017 2018 2019             Mean
PI 290664 21112 26136 27914 25054
Breeding Line 20201 26224 26946 24457
PI 290901 19523 25024 26167 23571
PI 294467 19748 25428 24364 23180
PI 290812 17987 22681 22326 20998
Tifton 85 16318 20534 25066 20639
Jiggs 13399 16955 19111 16488
Russell 9987 13694 19877 14519
Alicia 8791 14250 16509 13183

Mean 13033 17140 18467 16213
MSD 1781 2386 2658 2025

Discussion
Though complete resistance to BSM has not been 
found, several bermudagrass plant introductions 
were identified with significantly more tolerance 
then current cultivars and will be used for direct 
release and for breeding.  It is important to note 
that four accessions had significantly higher 
yields than Tifton 85 in 2017 and 2018 under no 

spray conditions. These accessions will be further 
evaluated for forage nutritive value. 
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Abstract
Napier stunt disease (NSD) is a threat to Napier grass farming in the smallholder dairy industry in 
east and central Africa. NSD in Kenya is caused by Candidatus Phytoplasma oryzae (Ns-phytoplasma) 
belonging to the 16SrXI group; vectored by a leaf hopper Maiestas banda. The objective of the study 
was to determine the incidence (proportion of diseased leaves) and severity (proportion of leaf area 
diseased [PLAD]) of stunt disease in Napier clones by screening in Bungoma, Kakamega and Busia 
Counties in Western Kenya.  The Napier clones were germplasm collections maintained at KALRO 
Kitale and Muguga nurseries and in farmers’ fields. Data were collected from twenty farmers’ open 
fields and eighteen Napier clones were planted in a replicate per farm. A total of 360 (n) observations 
were done within the Counties in 2013. Five cuts were done and each cut was done every eight weeks 
at each farm. Low stunt disease severity with mean PLAD of 0.084 (n=126) and low disease incidence 
with mean of 0.008 was observed in Kakamega county. This showed that there were few new infections 
in the farmers sites. Low severity with mean PLAD of 0.002 (n=126) and high stunt disease incidence 
with mean of 0.047 was observed in Bungoma county. Low severity was attributed to soils high in 
humus. Higher severity with mean PLAD of 0.408 (n=108) and high incidence with mean of 0.101 was 
observed in Busia county with songor and the farmer clones having high disease Incidence. The severity 
and incidence were attributed to a high exchange rate of the planting materials within Busia County and 
across border exchange. The Napier clones with the lowest incidences and severity indices after five cuts 
can be multiplied using either clonal or micro-propagation methods to supply to farmers.

Introduction
Napier or Elephant grass (Pennisetum purpureum 
Schumach) (Poaceae) is a major fodder crop feed 
grown by small scale dairy farmers for cut-and-
carry in intensive and semi-intensive livestock 
production system in Kenya and other East 
African countries (Staal et al., 1999 ; Muyekho et. 
al., 2003; Kabirizi et al., 2007). Farmers in Eastern 
Africa use Napier grass to protect soil erosion, trap 
Maize/Sorghum stem borers and control striga 
weed through the Push-Pull technology (Midega et 
al., 2012; Khan, et. Al., 2014). Presently, a disease 
known as Napier grass stunt disease (NSD) caused 
by a phytoplasma of group 16SrXI, ‘Candidatus 
Phytoplasma oryzae’; the rice yellow dwarf 
phytoplasma vectored by a leaf hopper Maiestas 
banda (Jones et al., 2004, 2007; Nielsen, et. al., 
2007) and through infected planting materials is 
a threat to production of Napier grass in Western 
Kenya (Muyekho et. al., 2006). In Eastern Africa 
many smallholder Dairy farmers have reported 
overall loss in biomass of up to 100% of their crop 

to NSD and a significant reduction in milk output 
that has led to decline in household incomes 
(Khan et al., 2012). The disease symptoms are 
small chlorotic leaves, proliferation of tillers, 
and shortening of internodes to the extent that 
clumps appear very stunted, ultimately resulting 
in death of the plants (Ajanga 2005;).The current 
mitigation strategies that include weeding, rouging 
infected plants, applying organic and inorganic 
fertilizer, and planting disease free Napier grass 
cuttings have not been effective in controlling 
NSD (Orodho 2006). Breeding of resistant clones 
may constitute the only defence against NSD that 
may wipe out Napier grass clones with a narrow 
genetic base (Farrell et. al. 2004). The collection 
of germplasm of Pennisetum purpureum and 
its Pennisetum glaucum hybrids from African 
countries and USA, planted at the International 
Livestock Research Institute (ILRI) in Ethiopia 
and found at the Kenya Agriculture and Livestock 
Research Organization (KALRO) Nurseries at 

mailto:carolekute@gmail.com
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Muguga and Kitale Research centers and farmers’ 
local clones, offered the most dependable source of 
Napier grass materials. The objective of this study 
was to identify Napier grass clones with resistance 
by screening for the incidence and severity to NSD 
in Western Kenya where the disease is prevalent.

Materials and methods 
The experiments were planted in 2013 in three 
counties in Western Kenya namely, Bungoma, 
Kakamega and Busia bordering Uganda. 
Experiments were planted by 20 farmers groups 
selected across the Counties with the help of 
the Agriculture extension County officers. The 
replicates were six in Bungoma, seven in Kakamega 
and seven in Busia Counties laid out in open fields.  
The lead farmer in each of the groups planted 
eighteen Napier clones (L14 2, Farmer’s clone, 
Okame. T112, ILRI 16815. T 20. KK1, Bana. T 60. 
T 41. ILRI 16805. KK3. ILRI 16802. Songor. KK2. 
T 105. T 89, South Africa and Alupe) in their farm 
in a Randomized complete block design (RCBD) 
assisted by other members of the group. The plot 
size was 7m x 3m each with 28 plants spaced at 1 
x 1m2. Fertilizer (Triple super phosphate –T.S. P) 
at 60kg P205ha-1 was applied at planting and 80kg 
N ha-1 of Calcium Ammonium Nitrate – C.A.N) 
was applied at top-dressing the first six weeks 
after planting and after every cut. Harvesting (cut 
back) was done at an interval of 8 weeks. Disease 
assessments were performed monthly on 28 Napier 
plants per plot in each farm. Incidence (I) which is 
the extent of manifestation or spread of a disease 
in a population. was assessed on the youngest fully 
expanded leaves per plant as the proportion of leaf 
area diseased using a diagrammatic scale with 
0.05 steps (0, 0.05, 0.10, 0.15…1.00). Severity (S) 
was based on visual scoring on the magnitude of 
the spread of the disease within the affected stools 
based on percentage spread and calculated as the 
mean severity (over all 28 plants) using a scale 

of 0-100% (Ajanga 2005). Data for all clones, 
farmers sites and time of score were pooled and 
variables tested for normality before carrying out a 
repeated measures Analysis of Variance (ANOVA) 
in GenStat (12th Edition) Statistical Software 
(GenStat, 2010). Where significant differences 
were observed, clone means were separated using 
Fishers Protected Least Significant Difference 
(LSD) at 1% level of significance (Table 1). 
Graphical presentation was done using Excel.

Results
In this study, Sites, Clones and time did have a 
significant effect on NSD incidence and severity at 
P = 0.001 (Table 1). The farmers clone and Songor 
had high NSD incidence manifestation and NSD 
severity as compared with clones ILRI1681, L14 
and South Africa across all the sites. The disease 
incidence and severity increased over time for all 
clones as is shown in (Figures 1 and 2) below.  Low 
stunt disease severity with mean PLAD of 0.084 
(n=126) and low disease incidence with mean of 
0.008 was observed in Kakamega county. This 
showed that there were few new infections in the 
farmers sites. Low severity with mean PLAD of 
0.001611 (n=126) and high stunt disease incidence 
with mean of 0.047 was observed in Bungoma 
county. Low severity was attributed to soils high in 
humus. Higher severity with mean PLAD of 0.408 
(n=108) and high incidence with mean of 0.101 
was observed in Busia county. This indicates that 
new infections in the county is high. This could be 
attributed to a high exchange rate of the planting 
materials within the county and more so cross 
border exchange. The farmer clones and songor 
had high NSD incidence and NSD severity across 
the counties and over the time unlike in other 
clones where infections increased but at a slow 
rate (Figures 1 and 2).  The clones not diseased like 
ILRI16815, T20, L14 and South Africa could be 
used as preliminary candidates to create breeding 
populations and there after selection.
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Table 1: Pooled data score for Incidence and Severity of different Napier Clones across the Counties 

Napier
Clones

Disease 
Incidence

      Disease 
     Severity%

Songor 0.152a     44.500 a     

KK3 0.045b       9.500 cbd 

Farmer Clone 0.044b     24.000 b     

Bana 0.040cb     10.000cbd

Okame 0.034cbd     17.632cb

KK1 0.020cbd       9.500 cbd

T60 0.020cbd     10.000 cbd

KK2 0.020cbd     11.500 cbd

T41 0.020cbd     12.750 cbd

ILRI1680 0.011cbd     11.000 cbd’

Alupe 0.011cbd      7.500 cd   

T105  0.007cbd            6.000 cd   

T89 0.003cd    10.000 cbd

T112 0.003cd      7.000 cd

ILRI1681 0.000d       0.000 d

T20  0.000d       0.000 d

L14 0.000d       0.000 d

South Africa 0.000d       0.000 d

Means 0.0033    10.60
LSD (P<.0001) 0.0382    15.245

* Means with same letter within the column are significantly different by Least Significant Difference 
Test   
   

   
Discussion 
Although all Napier grass clones succumbed to 
NSD infection, ILRI16815, T20, L14 and South 
Africa were not affected across the sites. Kawube 
et, al, 2014 also observed similar trends of NSD 
infections on Napier clones except for clone ILRI 
16837. The use of clean planting Napier grass 

cuttings of a clone with moderate reaction to NSD 
combined in an integrated manner with measures 
that prevent the insect vectors infesting the grass, 
would provide an interim strategy for managing 
NSD, especially in low NSD pressure areas. The 
Napier clones that had the lowest incidences and 



455

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

severity indices after five cuts like ILRI1681, T20, 
L14 and South Africa can be multiplied using either 
clonal or micro propagation methods to supply 
to farmers or be recommended for utilization in 
breeding programs. 
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Abstract
It is relatively well reported in the literature that pastures can have similar forage net accumulation 
when managed with contrasting structures. However, we hypothesized that the patterns of forage 
accumulation dynamics of pastures managed at different canopy heights is dependent on environmental 
conditions. The experimental treatments were four canopy heights (10, 20, 30, and 40 cm), allocated to 
experimental units according to a randomized complete block design with four replicates and evaluated 
throughout four contrasting environmental seasons (Summer, Autumn, Winter-Early Spring, and Late 
Spring). Under favourable growing conditions greater forage accumulation was observed in pastures 
maintained taller; on the contrary, under more stressful conditions, net forage accumulation rate reduced 
as canopy height increased. Such patterns of responses were related to compensations between tiller 
population density and tissue flows during summer and late spring and the reduced capacity of taller 
canopies to compensate lower population with greater growth rates during autumn and winter-early 
spring. Pastures subjected to intensities of continuous stocking management change their patterns of 
forage growth as they transitioned from favourable to more abiotic stressful conditions suggesting that 
warm-season perennial grasses demand seasonal adjustments in grazing heights in order to maximize 
herbage production.

Introduction
It is relatively well reported in the literature that 
pastures can have similar forage net accumulation 
when managed with contrasting structures (e.g., 
forage mass, leaf area index [LAI], and canopy 
height; Bircham and Hodgson 1983; Parsons et al., 
1988; Sbrissia et al., 2018). This variation is due 
to a “homeostatic” mechanism that operates in the 
plant population, which is capable of maximizing 
forage production with different structures by 
adjusting the size and number of tillers (Bircham 
and Hodgson 1983; Matthew et al., 1995). Thus, 
taller canopies maintain fewer larger tillers that 
have greater growth rates compared to shorter 
canopies, which maximize their production 
through a greater number of smaller tillers (Berone 
et al., 2007; Sbrissia et al., 2018).

According to Lemaire and Chapman (1996), the 
formation and expansion of plant tissues determine 
their morphogenesis, which is responsible for the 
shape of plants in space and, consequently, for 
the structure of the pasture canopy. According 
to the same authors, the dynamics of the 
processes involved in morphogenesis depend 
on environmental conditions (e.g., temperature, 

water, and nutrients). In this sense, in situations 
where plants are subjected to some level of stress 
(for definition of stress, please see Grime 1977) 
the rates of morphogenetic processes and pasture’s 
tillering dynamics are reduced (Assuero and 
Tognetti 2010; Sbrissia et al., 2010; Barbosa et 
al., 2011). Thus, it is reasonable to suppose that 
in pastures formed with more exploitative species 
or maintained at a specific/optimum LAI, losses 
in net forage production due to stress would be 
greater. This is because, in such scenarios, plant 
demand for necessary resources to maintain 
plant population (Duchini et al., 2018) and 
photosynthetic apparatus (Parsons and Penning 
1988) is greater, such that the more stressful the 
conditions under which the population is subjected 
the less will be its ability to express its maximum 
growth potential.

Against that background, marandu palisade grass 
, cultivated in an area with a long-term history of 
variable resource availability, was managed under 
continuous stocking at four canopy heights (10, 
20, 30, and 40 cm) during four seasons of the 
year to test the central hypothesis that the growth 
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pattern of pastures managed under continuous 
stocking at different canopy heights is dependent 
on environmental conditions. In this sense, under 
favorable environmental conditions to growth, 
taller pastures (i.e., greater canopy heights, 
herbage mass, and LAI) maximize yield potential 
by optimizing resource use and under stressful 
conditions shorter pastures can sustain greater 
yields by maintaining greater tiller population 
density.

Materials and methods 
A year-round experiment (from January 8th 2002 
to December 17th 2002) was conducted at “Luiz 
de Queiroz” College of Agriculture, University 
of São Paulo (USP-ESALQ), Piracicaba, SP, 
Brazil (22°42’S, 47°37’W and 550 m a.s.l.), 
on a well-established marandu palisadegrass 
pasture(Brachiaria brizantha (Hochst. ex A. 
Rich.) Stapf. cv Marandu). According to the 

Köppen climate classification, the local climate 
is humid sub-tropical with dry winters and hot 
summers (Cwa; Alvares et al., 2013). Weather data 
are presented in Table 1. Treatments corresponded 
to four grazing heights (10, 20, 30, and 40 cm) 
maintained through continuous stocking and 
variable stocking rate by cattle. These were 
allocated to experimental units (1200-m2 plots) 
according to a randomized complete block design 
with four blocks. Grazing heights were monitored 
on undisturbed plants twice a week (3 and 4 
day-intervals) on 20 points per plot using a thin 
acetate sheet and ruler. Average grazing heights 
were allowed to vary 10% around the target, with 
animals being added or removed from plots when 
grazing height was close to the upper or lower end 
of the range, respectively.

Table 1: Average monthly rainfall, minimum and 
maximum temperatures, and radiation throughout 
the experimental period in Piracicaba, SP, Brazil.

Month
Rainfall

(mm)

Minimum

(oC)

Maximum

(oC)

Radiation

(cal cm-2 d)
2001

November 152.4 18.7 30.7 466.0
December 204.2 18.7 29.2 427.0

2002
January 320.2 19.3 29.8 409.9
February 187.9 18.8 29.0 404.1
March 272.4 19.5 32.0 462.0
April 27.2 17.6 31.8 393.0
May 112.4 14.5 26.9 298.0
June 0.0 12.6 27.9 307.4
July 23.4 10.2 25.2 267.0
August 79.6 14.3 28.9 316.8
September 45.6 13.6 27.5 340.0
October 49.4 18.8 33.8 430.7
November 176.4 18.8 30.6 432.2
December 164.7 19.7 31.1 460.7

Rates of forage gross accumulation (Gross FAR, 
kg DM ha-1 d), senescence (SR, kg DM ha-1 d), and 
forage net accumulation (Net FAR, kg DM ha-1 d) 
were estimated in marked tillers by using tissue 
flow technique (Davies, 1993). To this end, a set 
of three 2-m transects containing 30 tillers was 
selected every month per plot in areas considered 
to represent the average canopy condition (based 
on visual assessment of height and mass). These 

transects were identified at their extremities with 
20-cm height wooden stakes and the tillers were 
tagged every 20 cm at their base with coloured 
plastic rings. The tillers were assessed at different 
intervals depending on climatic/growth conditions 
(3-6 days between January-April, 9-10 days 
between May-October, and 7 days between 
November-December). It was necessary to convert 
both elongation and senescence rates calculated in 
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centimetres per tiller (cm tiller-1 day) to kilogram 
per hectare (kg DM ha-1). Thus, all marked tillers 
were collected on the last day of each evaluation 
period, separated into plant-part components 
(leaves, stems, and senescent material), measured, 
dried at 60°C for 48 hours, and weighted to calculate 
specific weights (g cm-1). The tiller population 
density (TPD) was determined by counting tillers 
within 0.25 m2 (1.0 x 0.25 m) metallic frames 
placed in three representative areas per plot (based 
on visual assessment of canopy height and forage 
mass). From these data, Gross FAR, SR, and Net 
FAR were calculated as follows:

Gross FAR = [(LER × swLB) + (SER × swS)] × 
TPD × 10

SR = [(LSR × (swLB − swSM)] × TPD × 10

Net FAR = {[(LER × swLB) + (SER × swS)] − 
[LSR × (swLB − swSM)]} × TPD × 10

where swLB, swS, and swSM are the specific 
weight (g cm-1) of leaf blades, stems, and senescent 
material, respectively; and 10 is a unit conversion 
factor from grams DM per square meter to 
kilograms DM per hectare.

Data were collected monthly, but results were 
pooled into seasons of the year (summer: January 
to March; autumn: April to June; winter/early 
spring: July to October and late spring: November 
and December). Seasons were defined in such a 
way that patterns of herbage accumulation were 
similar within and contrasting among seasons. 

Analysis of variance was carried out on the 
grouped data using the Mixed Procedure of SAS® 
(SAS Inst., Cary, NC, USA) and the restricted 
maximum likelihood (REML) method. Data were 
analyzed as repeated measures. The model used 
considered canopy height, blocks, and season of 
the year as variation sources. The choice of the 
variance-covariance matrix was made using the 
Akaike Information Criterion (AIC) (Wolfinger, 
1993). The SLICE command was used in cases 
of significant interactions and, when appropriate, 
means were calculated using the ‘LSMEANS’ 
statement and comparisons made using the Student 
test at P < 0.10.

Results
There was a season × canopy height interaction 
for senescence (P=0.0964), gross (P=0.0099), 
and net (P<0.0001) forage accumulation rates. 
Overall, during summer and late spring, greater 
rates of forage accumulation (gross and net) and 
senescence were observed in pastures maintained 
at 30 and 40 cm (Figure 1). These observations 
were more pronounced during summer since, in 
late spring, senescence rates presented a positive 
linear increment with canopy heights, reducing 
forage net accumulation to a greater extent in 
pastures maintained at 30 and 40 cm. Conversely, 
during autumn and winter-early spring, similar 
rates of forage gross accumulation were observed, 
leading to a decrease in forage net accumulation 
rate as management canopy height increased 
because of greater senescence rates.
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Figure 1: Forage gross (solid lines) and net 
accumulation rates (dashed lines) and senescence 
rates (dotted lines) during four periods of the year 
in Marandu palisade grass pastures submitted to 
grazing heights.

Discussion and Conclusion

Curves of forage accumulation (gross and net) and 
senescence showed distinct patterns among seasons 
(Figure 1). During summer, when environmental 
conditions are more favorable (Table 1) to growth 
of warm-season grasses, as marandu palisadegrass, 
growth patterns were similar to those described 
by Bircham and Hodgson (1983); thus, the 
homeostatic mechanisms (compensation between 
TPD and tissue flows) originally described by the 
authors with cool-season grasses seems to be also 
effective in maximizing forage production over a 
range of canopy heights for marandu palisadegrass. 
In autumn, pastures showed similar forage 
gross accumulation, and there was an increase 
in senescence rates; this indicates that both less 
favorable environmental conditions and lower 
photosynthesis capacity (by aging effects) reduced 
the capacity of taller canopies to compensate lower 
TPD with greater growth rates of individual tillers 
(TPD and tillers traits data can be found in Sbrissia 
et al., 2020). Under these conditions, maintaining 
large TPD becomes an important factor for 
maintaining greater growth rates (gross and net). 
This dependence was reinforced during winter-
early spring since pastures managed at 10 and 20 
cm had greater TPD and growth rates than those 
managed at 30 and 40 cm. In late spring, when 

water supply and temperature were becoming 
more favorable (Table 1), there was an increase in 
growth rates and the reestablishment of the pattern 
of homeostatic mechanisms as already described 
by Bircham and Hodgson (1983). Therefore, our 
results suggest that adequate supplies of growth 
factors are needed for homeostatic mechanisms 
and management flexibility to occur.

We conclude that the herbage accumulation 
dynamics in pastures subjected to intensities 
of continuous stocking management is linked 
to environmental conditions suggesting that 
warm-season perennial grasses demand seasonal 
adjustments in grazing heights in order to 
maximize herbage production. In this sense, the 
net forage accumulation rate can be maximized 
during the growing season (late spring and 
summer) by taller canopy heights. This would 
favor growth of individual tillers by optimizing 
resources acquisition and utilization. Moreover, 
because marandu palisadegrass prioritizes resource 
conservation during less favorable periods, canopy 
heights could be lowered by grazing. This would 
avoid forage losses by senescence and stimulates 
tiller turnover from the beginning of the upcoming 
growing season. However, caution is necessary 
since canopy heights lower than 15 cm seem to be 
detrimental to marandu palisadegrass persistence 
(Euclides et al., 2019). Therefore, maximization 
of forage production in marandu palisadegrass 
under continuous stocking can be obtained by 
varying canopy height throughout the year; 30-40 
cm during late spring and summer and 15-20 cm 
during autumn, winter, and early spring.
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Abstract
Pearl millet (Pennisetum glaucum L.) stover is one of the main crop by-products in West Africa. To 
effectively use the crop by-product resources as roughage for ruminant to cover the feed shortage in the 
dry season, the millet stover silage was prepared using laboratory-scale fermentation system without 
(control) or with lactic acid bacteria inoculant (LP, Lactobacillus plantarum) and cellulase enzyme (AC, 
Acremonium) in Burkina Faso, and their fermentation characteristics and chemical composition were 
analyzed. The dry matter (DM) of fresh millet before ensiling was 44.3%, and their organic matter, 
crude protein (CP), ether extract, neutral detergent fiber (NDF) and acid detergent fiber (ADF) contents 
were 92.34%, 0.72%, 3.75%, 69.04%, and 43.56% based on a DM basis, respectively. After 120 days 
of fermentation, the control silage was of poor quality, while the all additive-treated silages had good 
fermentation patterns, with higher (P < 0.05) lactic acid content and lower (P < 0.05) pH value, butyric 
acid and ammonia nitrogen contents than those of control. The silage was fermented as better quality 
in AC treatment than LP treatment, and the combination of LP and AC resulted in the synergistic 
fermentation effect. The CP content decreased in control silage, NDF and ADF contents decreased in 
AC-treated silage, while other chemical compositions did not differ greatly. All silages fermented stably 
and were not spoiled during ensiling. The results demonstrate that the millet could prepare silage as 
preserved feed for ruminant and the microbial additive could improve fermentation quality.

Introduction
Generally, the crop by-products are the main 
roughage sources for ruminants in tropical 
developing countries including Africa (Cai et 
al., 2019). The most important limiting factor 
for cows in the tropics is shortage of feed in the 
aspect of quantity and quality, especially in the 
dry season. Pearl millet (PM, Pennisetum glaucum 
L.) is indigenous African cereals that unlike maize 
and wheat, are well adapted to African semi-arid 
and sub-tropical agronomic conditions. The PM 
stover could be used for livestock feed. However, 
some stovers were generally discarded in the field 
and burned used as fertilizer (Hauser et al., 2006). 
Previously, interest has shifted toward natural 
grass silage as a main feed source for ruminant 
animals. Recent year, lactic acid bacteria (LAB) 
inoculant and cellulase enzyme are widely used 
for silage production in the world. However, there 
is very little research information are available on 
silage preparation of PM. The purpose of this work 
to study the silage preparation and fermentation 

characteristics of pearl millet stover treated with 
microbial additive in West Africa.

Materials and methods

The PM that is widely cultivated in West Africa was 
selected for this experiment. PM stover including 
stems and leaves were harvested at maturity stage 
in an field of local farm, Koudougou, Burkina Faso 
in October 27, 2018. The PM was used for silage 
making by using laboratory-scale fermentation 
system (Cai et al., 2019). The commercial 
LAB inoculant Chikusou-1 (LP, Lactobacillus 
plantarum, Snow Brand Seed Co., Ltd, Sapporo, 
Japan) and cellulase enzyme (AC, Acremonium 
cellulase, Meiji Seika Pharma Co., Ltd, Tokyo, 
Japan) were used as silage additives based on the 
guidelines of a commercial manufacturer. Silage 
treatments were designed as control; LP and AC. 
After harvest, fresh PM stover (about 80 kg) 
were immediately cut into approximately 1 to 2 
cm lengths by a chopper (130DX, ARS Co., Ltd, 
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Osaka, Japan), and then approximately 8 kg were 
packed into 20 L used polyethylene drum (Ka-
Kosher Co., Ltd, Sinaloa, Mexico) silos. The silos 
with triplicates for each treatment were kept at an 
ambient temperature (25–38°C). After 120 days of 
fermentation, these silos were opened for analysis 
of microbial population, chemical composition, 
and fermentation quality. 

Results and Discussion 
The dry matter (DM) of PM stover was 43.15%. 
The organic matter (OM), crude protein (CP), 
ether extract (EE), neutral detergent fiber (NDF), 
and acid detergent fiber (ADF) contents were 
93.37, 4.18, 0.75, 77.10, and 48.30%, respectively 
on a DM basis. The aerobic bacteria dominated 
PM stover with 105, while the LAB was below 102 
colony-forming unit (cfu)/g on a fresh matter (FM) 
basis. After 120 days of fermentation, the chemical 
composition did not show marked differences 
among the control, LP, and AC-treated silages. In 
the control silages, aerobic bacteria (105 cfu/g of 
FM) was the dominant species, but the LAB of 
the LP and AC-treated silages were the dominant 
population with 105 cfu/g of FM (Fig. 2). The 
counts of coliform bacteria and molds in the PM 
stover silages were below detectable levels (< 102 
cfu/g of FM). During ensiling, LAB can use sugars 
to produce lactic acid, thereby reducing the pH and 

inhibiting the growth of harmful bacteria, in turn 
resulting in good-quality silage (Cai et al., 1999). 
The control silage was of poor quality, with low 
lactic acid content (0.40% of FM), and a relatively 
high pH (4.64) and ammonia nitrogen (NH3-N) 
values (0.48 g/kg of FM). When silage inoculated 
with additives, their fermentation quality were 
improved (Fig. 3). These results suggest that 
the PM can be prepared as silage and the LAB 
inoculant and cellulase enzyme can improve the 
fermentation quality.

Conclusions
The fresh PM stover contained a certain amount of 
nutrient, and the microbial additives could improve 
silage fermentation, and that the fresh stover 
prepared as silage, are well-suited for preservation 
to serve as roughage sources to cover animal feed 
shortages during the dry season in West Africa.
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Figure 1: Chemical composition and microbial population of pearl millet (PM) stover before ensiling

Figure 2: Chemical composition and microbial composition of pearl millet (PM) stover silages after 

120 days of fermentation.

Figure 3: DM and fermentation quality of pearl millet (PM) stover silages after 120 days of fermentation
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Abstract
The debate on appropriate stocking rates (SR) increasingly recognizes the importance of variable, 
targeted and adaptive stocking in response to a temporally variable and spatially heterogeneous resource 
distribution, particularly in challenging environments such as the Namibian savannah. In common 
extensive ranching systems, a farmer’s scope of action is often limited to flexibly adjusting the number 
and concentration of livestock to the available forage in space and time. SRs are commonly set according 
to carrying capacity recommendations which usually have a low spatio-temporal resolution. This may 
lead to punctual under- and overutilization. The Namibian Rangeland Management Strategy advocates 
adjusting SR in response to the fodder reserve at the end of the rainy season in May. Based on records of 
the 9,500 ha commercial cattle and sheep farm Springbockvley (avg. annual rainfall 272 mm, Jun-May) 
in central Namibia we calculated effectively applied annual (Jun-May) SRs from 2006 to 2017 for 50 
paddocks. We then looked at spatial and temporal variation indicated by the coefficient of variation (CV 
in %). Overall average SR was 35 kg ha-1 with an average annual spatial CV of 35 % and an average 
temporal CV of 37 % within a paddock. The mean farm SR increased following a linear trendline to 
above the regional average but not all paddocks supported this increase alike. Until 2013 the farm was 
grazed with four mixed herds of cattle and sheep, each rotating in a separate farm section. Three farm 
sections showed linearly increasing SR trendlines, while one section’s SR remained static with some 
paddocks showing falling trendlines. Since 2014, three large herds (cows, sheep, mixed) grazed all 
farm paddocks in a predefined sequence (each herd grazed each paddock once per year). We discuss 
environmental and management influences on SR variation at different scales.

Introduction
Under semi-arid savannah conditions, average 
biomass production is rather low and the high 
spatiotemporal variation of resource availability 
is limiting the farmer’s room for manoeuvre (Ash 
and McIvor 2005). Several publications have 
suggested overcoming the debate about certain 
grazing systems (e.g. conservative stocking with 
continuous grazing vs. higher stocking in rotational 
systems) and to focus instead on the development 
of targeted, adaptive decision-making frameworks 
responding to complex, variable rangeland 
conditions (e.g. Briske et al., 2011; Steffens et 
al., 2013; Teague et al., 2013; Hawkins 2017). 
Rangeland models by Jakoby et al., (2015) predicted 
the best management strategy to be rotational, 
adaptive grazing in response to spatio-temporal 
differences in forage availability. The Namibian 
Rangeland Management Strategy (NMAWF 2012) 
advocates adjusting SR in response to the fodder 
reserve at the end of the rainy season in May rather 
than adopting suggestions based on low-resolution 
carrying capacity maps. The debate opens the field 

for research that monitors and evaluates adaptive, 
successful farm managers in order to understand 
their individual, effective approaches. Briske et 
al., (2011) asks: “Can we understand how people 
develop site-specific management strategies 
that are responsive to spatial and temporal 
variability, [and] incorporate both experiential and 
experimental knowledge …?”

As a step in this direction, we present in this 
observational study the stocking rate data (SR) at 
paddock level on Farm Springbockvley, and follow 
its spatial heterogeneity and temporal variability 
over the course of 11 years. The paper also addresses 
the question at what resolution one might need to 
consider variable resource distribution, a topic that 
has been emphasized by other authors (e.g. Burke 
2004; Teague and Barnes 2017; Augustine et al., 
2020). The observations should provide a starting 
point for future research examining the extent to 
which adaptation on Springbockvley is successful 
and what system characteristics contribute.
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Materials and methods 
Ecological Conditions: Farm Springbockvley 
is located in south-eastern central Namibia. 
Soils are predominantly sandy, heterogeneously 
interspersed with limestone areas with a few loamy 
patches. The vegetation is a typical Kalahari xeric 
savanna with Acacia trees. Main fodder grasses 
are Stipagrostis uniplumis (perennial), Aristida 
spp. and Schmidtia kalahariensis (annual), all of 
variable, low to medium fodder value. Various 
(forage) shrubs are present, especially in the more 
calcareous areas. The peak rainy and growing 
season is January-March, followed by lower 
precipitation until the end of May. We choose a 
‘season’ from June 1st to May 31st as the period of 
comparison. For example, 2006/07 starts with the 
dry season 2006 and the grazing of ‘standing hay’, 
the amount of which is influenced by grazing and 
rain in early 2006, followed by grazing during the 
rain and growing season from late 2006 to May 
2007. 

The long-term average seasonal rainfall is 272 
mm (1 station, CV 48 %) based on rain gauge 
measurements from 1960-2017. Within our 
observation period from June 2006 to May 2017 the 
overall average was 327 ± 172 mm (9 stations, 11 
seasons, temporal-CV 53 %). The period (Figure 1) 
included both the rainiest year (2010/11, 703 mm) 
and the year with the second lowest precipitation 
(2006/07, 67 mm) since data recording began. The 
period showed the usual high temporal variability 
that was characteristic across the nine stations 
(temporal-CV 51-58 %). The spatial heterogeneity 
between the different stations within one season 
averaged over the period was 11 %. However, the 
range was from 5 to 25 % (2006/07), showing that 
in some years the spatial heterogeneity was more 
distinct.

Management: About 900 Nguni cattle and 3,500 
Damara sheep (May 2017 data) are raised in a 
year-round grazing, low external input system. 
The area of 9,500 ha area is subdivided into 60 
paddocks. Until 2013, the farm was grazed with 
four mixed herds of cattle and sheep, each rotating 
in a separate farm section (Haus, Sand, Achab, 
Kalk, each with 9-16 paddocks. Since 2014, three 
large herds (cows, sheep, mixed) grazed all farm 
paddocks in a predefined sequence (so that each 
herd grazes each paddock approx. once per year). 
At the end of May, the farm manager draws up 
a dry season plan based on the standing forage 
according to Holistic Grazing Planning guidelines 

(Butterfield et al., 2006), indicating when and for 
how long which herd will graze in which paddock. 
During the short growing season, grazing duration 
is determined more flexibly and in response to 
herbage growth (approx. 4-8 days per paddock). 

Analysis: Based on handwritten records of herd 
movements between paddocks, we analysed the 
effective annual SRs applied from 2006 to 2017 
for 50 paddocks (mean: 162 ha, range: 53-338 ha). 
10 paddocks were omitted because they were not 
constantly part of the usual routine for different 
farm management reasons. The records provided 
information about when, how long, and how many 
head of cattle and sheep grazed the paddock. We 
estimated the average weight of one head of cattle 
at 290 kg LW based on test weighings in the 2014-
2016 rainy seasons. A sheep was estimated at 35 
kg LW by the farm manager. We calculated the SR 
of a grazing event: number of livestockaverage 
LW [kg]paddock size [ha] grazing days. We 
then summed all grazing events per paddock 
and season and divided that sum by 365 days to 
obtain the cumulative annual stocking rate [kg ha-1 
d-1]. For the preliminary and explorative analysis 
in this paper we use the coefficient of variation 
(CV %) to investigate the variation of SR at 
different resolutions. The spatial-CV displays the 
spatial heterogeneity of SR within one year (n 
= 50 paddocks), i.e. the dispersion of individual 
paddock values around the farm mean SR of all 
paddocks in the respective year. The temporal-
CV displays the temporal variability of SR of 
one paddock within the observation period (n 
= 11 years), i.e. the dispersion of the individual 
annual values around the mean value of the 
paddock within the study period. 

Results
At farm scale: The overall mean annual SR 
averaged over 50 paddocks and 11 seasons (equal 
to the means of means) was 35kg ha-1 d-1. This 
equals 1 sheep per hectare or 1 head of cattle per 8 
ha (cf. above). The development of the annual farm 
average SR (n = 50 paddocks) over the study period 
is shown in Figure 1. The farm average increased 
gradually and followed a linear trendline. The 
error bars (std. dev.) show the spatial heterogeneity 
within the farm area, i.e. the dispersion of the 
paddock values around the season’s farm average. 
The average seasonal spatial-CV was 35% and the 
average temporal-CV of all paddocks was 37%.
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Figure 1: Development of Springbockvley’s average annual (Jun-May) stocking rate (n = 50 paddocks) 
and its standard deviation (spatial heterogeneity) from 2006 to 2017.  
At farm section scale: Until February 2013 the 
farm was grazed with four mixed herds of cattle 
and sheep, each rotating in a separate farm section. 
Over the whole study period, the sections Haus, 
Sand, and Achab showed linearly increasing SR 
trend lines somewhat analogous to the overall 
seasonal mean, except that Haus showed a 
severely lower mean SR in 2012/13 and 2013/14. 
Kalk’s average SR development was static with 
some paddocks showing falling trend lines (e.g. 
K06, K10). Figure 2 shows average SRs, spatial- 
and temporal-CVs of the sections. Haus had the 
smallest average overall SR and on average, the 
differences between paddocks within a season 
were the smallest (spatial-CVs), while at the 

same time, the differences between years were 
comparatively higher (temporal-CV). The highest 
spatial heterogeneity among paddocks was found 
in Kalk. The lowest inter-annual variation was 
observed in Achab.

At paddock scale: The farm map (Figure 2) 
shows for each paddock the effectively applied 
SR averaged over the period (written number). It 
illustrates the spatial heterogeneity and patchiness 
of SR levels (left) or of the SR’s temporal 
variability (right) within the period. It appears 
that under the given management, paddocks with 
higher variation in SR had a lower overall average 
SR across the study period. 

Figure 2: (A) Colour-coded stocking rate levels (left), and (B) colour-coded temporal variability levels 
(right) showing spatio-temporal variation of stocking rate for 50 paddocks and 4 sections on Farm 
Springbockvley from 2006-2017
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Discussion 
Sprinbockvley’s manager has increased the average 
SR over the observed period, even over years with 
low precipitation. In recent years, the average has 
been above the region’s reported carrying capacity 
of 30-40 kg ha-1 [Mendelsohn et al., 2002; there is 
a new figure of 15 kg ha-1 from Mendelsohn (2006) 
but the wide variation between data sets is not 
clear]. The observation period had on the whole 
above-average rainfall, but also included drought 
years. The inter-annual variability was comparable 
to the long-term value. From the available data we 
could not consider inter- and intra-annual changes 
in animal weights. The increase in SR thus reflects 
an increase in the number of animals. The cattle 
herd increased linearly (approx. doubled) over the 
study period, while the sheep flock size was more 
variable with a decreasing trend.

Merging farm sections and herds in 2013 has 
effectively not caused an increase in total SR, 
but there has been an increase in stocking density 
through larger herds. The strong SR decline 
in 2013/2014 in the house section is striking, 
although it remains unclear whether this could 
be attributed more to merging the herds or to the 
consequences of drought in 2013. At farm level, 
the decline in 2013/14 can be associated with a 
1,000-head decrease in the sheep flock in August 
2013. Due to the high internal heterogeneity of the 
farm sections, they do not really seem to be suitable 
as spatial levels of analysis. Figure 2 shows that 
some farm areas were more homogenous than 
others with regard to their level of mean SR and 
mean temporal-CV of SR, and that these areas 
were overall stocked at higher rates. This matter 
requires further investigation. 

Since SR in an Holistic Grazing Planning system 
is adjusted in response to vegetation parameters, 
one might reasonably assume that either the 
vegetation parameters have improved, or the 
farmer’s vegetation assessments and adjustment 
of grazing has improved overall. However, day-
to-day business decision-making also causes 
deviation from the plan and limits the inference 
from effectively applied SRs to scheduled grazing. 
The data do not tell us anything about the possible 
negative tradeoffs of the increased SR (such as 

reduced animal condition, weights, fertility), nor 
do they reflect information on possible detrimental 
effects on vegetation and the farmer’s capability 
to identify these. Further analysis, linking SR 
with NDVI data, will permit the identification of 
any linkage between SR variation and trends in 
vegetation, and will possibly provide evidence 
for the adaptive capacity of the applied grazing 
management.

The data demonstrate that looking at farm 
averages masks the development of the individual 
paddocks. Although a linear trend line indicated 
a SR increase for almost all paddocks, there was 
a noticeable up and down variation in the values 
for many paddocks, as is indicated by the average 
temporal-CV of 37%. The study confirms that 
setting SR only based on a low-resolution carrying 
capacity map (still a common practice) does not 
sufficiently address the spatio-temporal variation 
and might create over- and underutilization. With 
regard to temporal variability, it seems generally 
questionable to what extent a year is a suitable 
period of comparison. It would be desirable to look 
again with higher resolution at differences between 
dry and rainy seasons, at carry over effects and the 
sequence of “good” and “bad” rainy years.

Conclusions
Analysing long term records on animal numbers 
and movements - as exist in written form on many 
livestock farms and in herders memory in many 
pastoral systems - can provide a high resolution 
picture of actually applied SR in space and time. 
This picture reflects management responses in 
space and time which could, if linked with other 
data sources such as high resolution NDVI and 
rainfall data, be a step towards understanding 
the way how livestock farmers and pastoralists 
grazing management responds to variability and 
heterogeneity.
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Abstract
Species and biotypes of the genus Tripsacum include: eastern gamagrass (T. dactyloides) in North 
and Central America; Guatemala grass (T. fasciculatum syn. T. andersonii) in Latin America and the 
West Indies; and wide-leaf gamagrass (T. latifolium) throughout Mesoamerica. Of these, Guatemala 
grass has become widely popular throughout the tropics as a fodder plant and for its benefits related to 
environmental and ecosystem services. Guatemala grass is a hearty, long-lived perennial warm-season 
bunchgrass. Mature plants are somewhat shallow rooted, with short rhizomes, and produce robust foliage 
with leaf blades 10cm wide and 120cm long. The species has been utilized for forage (for cut-and-carry 
and green feed during dry conditions), environmental management (as contour strips for soil erosion) 
and for wildlife (as both forage for megafauna and as refuge for pollinators) throughout Uganda, Kenya, 
and Tanzania, and is often recommended as an alternative to Napiergrass (Cenchrus purpureus) because 
of its increased tolerance to drought. The major impediment to more widespread use of Guatemala 
grass extends from its tri-hybrid genetic origin, which causes plants to develop mostly sterile seed. This 
shortfall in seed production necessitates vegetative production of all stands. Rapid establishment and 
growth of vegetative propagules is of key importance to reduce competition from non-desirable weed 
species. Research in improvement breeding of other Tripsacum species may shed light on potential 
improvement mechanisms in Guatemala grass. Identification of sexually viable genotypes of Guatemala 
grass has the potential to rapidly increase gains in phenotypic quality through recurrent selection. Recent 
research in T. dactyloides has shown that nitrogen use efficiency (NUE) is maximized through early 
season fertility, which may also increase the days to maturity, extending the quality lifespan of a stand. 
Also, selection for rapid seed germination has proven to shorten establishment time of T. dactyloides by 
more than 70%.  

Introduction
Modern production of many Tripsacum species 
has been slow to evolve due to inherent seed 
dormancy characteristics that hinder germination 
and establishment. Modern research has shown 
that several species require long periods of cold 
or cold and moist stratification to break primary 
dormancy of seeds before planting. Chemical and 
mechanical scarification methods also improve 
germination of some species that exhibit physical 
or mechanical dormancy. 

While several studies have been published citing 
increases in germination and establishment of 
a variety of warm-season grasses by utilizing 
chemical, mechanical or other laboratory treatment 
methods, gains in germination percentage when 
studying eastern gamagrass have been wholly 
insignificant and varied (Finneseth 2010). The 
need for improved breeding populations with 
increased selection pressure for seed quality and 
increased germination percentage is evident in 

many native warm-season crops. 

Eastern gamagrass [Tripsacum dactyloides 
(L.) L.] shows great promise as a forage crop; 
however, its widespread use is negated due to 
intrinsic seed dormancy characteristics, leading 
to decreased germination and poor establishment. 
Genetic improvement of eastern gamagrass 
germplasm is necessary to promote the species 
as a commercially viable forage, biomass and 
conservation crop. Germplasm collection, 
screening and recurrent phenotypic selection are 
proven methods of increasing the utility of crop 
species without sacrificing genetic heritage.  The 
objective of this experiment was to significantly 
increase mean percentage germination of non-
stratified, untreated raw eastern gamagrass seed 
through multiple cycles of restricted recurrent 
phenotypic selection. Also, while increasing mean 
percentage germination of untreated seed, the 
implied goal would be that onset of germination 
of this developed line would begin significantly 
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fewer days after imbibition (DAI) as compared 
to that of other commercially available cultivars 
when similarly treated.  The limit for selection 
criteria was set at seven days or less.  

Materials and methods 
Due to the low inherent germination percentage 
of eastern gamagrass, mass screening was used 
to rapidly identify individuals that met selection 
criteria. Seedlots of two commercial diploid 
cultivars, Pete and Iuka were obtained from 
Johnston Seed Company (Johnston Enterprises, 
Enid, OK) in 2012. Entire seedlots were cleaned 
using an impeller-type fractionating aspirator 
(Bulldog Brand, Carter Day International; 
Minneapolis, MN) to remove small debris, chaff 
and empty seedcases. 

Selection Methodology 

Mass screening was carried out using large, 
rimmed, stainless steel trays lined with two 
layers of creped seed germination paper (Anchor 
Paper Company; St. Paul, MN) to accommodate 
the large number of seed needed. One screening 
of cold, moist stratified germplasm yielded 
enough seedlings to proceed to the steps outlined 
ahead.  Several screenings of untreated seed 
were necessary to obtain 100 seedlings that met 
selection criteria.

Subsamples (200g, ≈3,500 seed) of both 
commercial seedlots were spread across trays and 
initially wetted with a fungicide solution containing 
4g Captan™ ((3aR,7aS)-2-[(trichloromethyl)
sulfanyl]-3a,4,7,7a-tetrahydro-1H-isoindole-
1,3(2H)-dione) wettable powder fungicide per 
liter distilled H2O. Seed trays were covered with a 
3mm thick, clear Lucite plate and placed in plant 
growth chambers. Germination temperature and 
light regime inside growth chamber was 30:20°C 
and 16/8hr light/dark. Seed that germinated within 
the 7-day selection criteria period were removed 
from trays and placed in lucite boxes lined with 
blotter paper, wetted with distilled H2O and 
returned to the growth chamber. At 7 days after 
germination, or when appropriate, seedlings were 
transferred from boxes to 32 cell propagation flats 
filled with 1:1:2 ratio (v/v) of coarse pine bark, 
potting soil and fine play sand. Flats were placed 
in a greenhouse under long-day conditions to 
promote vegetative growth.

For establishment of each crossing block, the 90-
100 most vigorous selections were moved from 

greenhouse and transplanted to the field. Stratified 
seed was used to establish Cycle0 (90 individuals) 
and non-stratified germplasm was used to establish 
Cycle1 (90 individuals). All crossing blocks were 
maintained throughout the duration of this study 
for phenotypic comparisons between the base 
population and advanced cycles of selection.  

Seed Production

All crossing blocks were established in separate 
areas of Mississippi State University R.R. Foil 
Plant Science Research Center (33.471283, 
-88.783133). Crossing blocks were established 
at ≥ 500m distances, to avoid undesired cross-
pollination. Crossing blocks were laid out on a 
10 x 10m grid, with a single individual planted 
at each 1m intersection. During each growing 
season, ripe seed were harvested and bulked from 
each crossing block on a weekly basis beginning in 
June. All seedlots were cleaned using a forced air 
fractionating aspirator set at the highest possible 
air speed and smallest allowable column volume 
in order to remove chaff and empty seed units.  

Germination tests were conducted 30:20°C, 16:8 
h, light/darkness. Six replications of 100 seed from 
each cycle were placed in individual boxes on one 
layer of blotter. Germination boxes were then 
placed in plant growth chambers in a completely 
randomized design. Germination counts were 
made daily for 28 days. Seed from advanced cycles 
that germinated within 7 days were removed and 
used to generate the subsequent cycle. 

Results
2017

Cycle of selection had a significant effect on 
both cumulative germination percentage (CG%) 
(P = 0.0008) and mean seven-day germination 
percentage (SDG%) (P = 0.0029), but did not 
significantly affect daily germination percentage 
(DG%) (P = 0.1222). The statistical model showed 
that Cycle 2 yielded significantly greater DG% 
than Cycle 0, but neither were different than 
Cycle 1. Cycle 2 also generated CG% and SDG% 
significantly higher than Cycle 0, however there 
was no difference between Cycle 2 and Cycle 1 for 
either parameter. These differences are illustrated in 
Figure 1, showing an early increase in germination 
by Cycle 1 and Cycle 2 in comparison to Cycle 0.  
Realized heritability for Cycles 1 and 2 were 0.43 
and 0.72, respectively.  
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Figure 1: Daily germination percentage and cumulative germination percentage for standard 28-day 
germination test of 2017 seedlots harvested from phenotypic recurrent selection breeding cycles 0, 1 and 
2. (Note cumulative germination scale maximum = 20%)
2018

Cycle of selection had a significant effect on both 
CG% (P < 0.0001) and SDG% (P < 0.0001), 
while there was no significant impact on daily 
germination percentage (P = 0.109). The statistical 
model showed that Cycle 3 yielded significantly 
greater CG% than all other cycles of selection, 
while there were no differences among Cycles 0, 1, 
or 2.  Seven day germination percentage was also 

greatest in Cycle 3 (29.83%), followed by Cycles 
1 and 2 (11.67, 10.42, respectively), which were 
not different from each other, and lastly with Cycle 
0 (4.67%). Values for all germination parameters 
were considerably greater in 2018 compared 
to previous year. This difference in overall 
germination is likely a result of environment, as 
fluctuations in germination response are visible 
across all cycles of selection within each year.

Figure 3: Daily germination percentage and cumulative germination percentage for 28-day germination 
test of 2018 seedlots harvested from phenotypic recurrent selection breeding cycles 0, 1 and 2. (Note 
cumulative germination scale maximum = 40%)
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Discussion
Cumulative germination percentage, daily 
germination percentage, and seven-day germination 
percentage were all significantly increased in 
Tripsacum following two cycles of phenotypic 
selection. While early selection successfully 
led to germplasm that germinates more reliably 
and vigorously without stratification, overall, 
germination percentages were still remarkably low 
- still too low to be considered satisfactory for use 
as a modern commercial gamagrass seed source. 
Realized heritability calculations prove that little 
of the variance in the starting population was 
attributable to additive genetic variation and that 
response to selection can be significant in future 
generations.  

The gains made in three cycles of selection 
breeding necessitate the continuation of this 
research. The utility of Tripsacum in forage and 
fodder use scenarios cannot be argued against, 
especially given the current trends of climatic 

extremes becoming more commonplace. With 
increased germination rates, the majority of 
which are occurring in less than 14 days, climatic 
impacts on germination and establishment can be 
minimized. 

The possible inadvertent phenotypic effects of 
selection for rapid, early germination may include 
the lessening of concentrations of endogenous 
anti-germination chemicals and phytohormones 
like abscisic acid (ABA) and ethylene, cytokinins, 
or brassinosteriods in the seed.  Further work will 
be required in this study to attempt to prove a 
phenotypic shift toward physical or physiological 
dormancy reduction through selection.
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Abstract
Wilted (35.9 % DM and 2.6% WSC) moderately difficult to ensile grass-legume mixture (red clover, 
alfalfa and timothy 50:20:30) was ensiled in cylindrical big bales (1.2 m hight and 1.2 m diameter) with a 
weight about 700 kg. The crop was ensiled for 8, 32 and 120 days with or without a microbial inoculation 
(SiloSolve® FC containing Lactococcus lactis DSM 11037/1k2081 and Lactobacillus buchneri DSM 
22501/1k20738 applied at 1.5×105 CFU g-1 forage). Ten bales per treatment were prepared for each 
fermentation period. After each period of ensiling the big bales were opened, sampled, and tested for 
fermentation parameters, yeast and mould counts and aerobic stability. Weight loss during fermentation 
and aerobic exposure were recorded and DM losses were calculated. After 8 days of fermentation, 
the addition of SiloSolve® FC showed only significant positive effects on pH, acetic and butyric acid, 
while after 32 and 120 days of fermentation periods, significant improvements of adding SiloSolve® FC 
were observed across all parameters investigated. The results show that SiloSolve® FC is an effective 
treatment to reduce ammonia, ethanol, and butyric acid production, to control yeast and mould growth, 
and to improve acetic acid levels with a resulting improved aerobic stability of grass-legume mixture 
fermented in big bales. Total lactic acid bacteria increased significantly and an appreciable decrease 
number of yeasts were detected in the inoculated silage at all fermentation time points and after aerobic 
exposure if compared with untreated silage. Reduction in yeast and mould population during anaerobic 
phase of silage fermentation and during silage aerobic exposure period appears to be the main reason 
for the improvement aerobic stability of the inoculated silage. Improved fermentation, reduced DM 
loss during fermentation and during aerobic exposure periods lead to increase nutritive value of the 
inoculated silage.

Introduction
Grass and legumes are the mainstay of livestock 
and can provide high quality feed for the dairy 
cows and fattening cattle (Lüscher et al., 2014). 
Progress in improving silage quality and nutrient 
use efficiency, advances in plant breeding, and 
additives manipulating silage fermentation 
made silage of topmost importance feed for the 
ruminants. The crop at ensiling contains both 
aerobic and anaerobic microorganisms as well 
as a range of yeasts and moulds that affect silage 
quality. The mechanism of ensiling involves 
the conversion of water-soluble carbohydrates 
(WSC) by epiphytic and/or inoculated lactic acid 
bacteria (LAB) into lactic acid (LA) and other 
organic acids and volatile organic compounds 
(VOC) under anaerobic conditions (Muck 2012). 
However, when the silo is opened, aerobic 
conditions prevail during feed-out time; the silage 
is subject to aerobic microbial growth and is 
potentially unstable. All silages exposed to air will 

deteriorate more or less as a result of aerobic yeast 
and fungi activity during feed-out (Schmidt and 
Kung 2010). Aerobic deterioration usually results 
in DM and important nutritional components 
loss and negatively affects the hygienic quality 
of silages resulting in the accumulation of 
pathogenic organisms and their toxins in the 
silage. The accumulation of degradation products 
can negatively affect food quality. Microbial 
additives containing lactic acid bacteria (LAB) are 
commonly used for silage preservation to achieve 
a rapid pH drop through organic acid production, 
and some strains have demonstrated their efficacy 
to improve aerobic stability and increase microbial 
quality of silage by inhibiting spoilage moulds and 
yeasts (Tabacco et al., 2011). Making round-bale 
silage is an attractive option suitable for small 
amounts of forage to be ensiled, sealing silage 
over a very short period of time than is possible 
for silage stored in other silo types. Therefore, this 

mailto:lgipts@gmail.com
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study was aimed at evaluating the efficacy of a dual 
strain silage inoculant with respect to fermentation 
quality, dry matter loss and aerobic stability after 
8, 32 and 120 days of fermentation in big bales of 
grass/legume mixture silage.  

Materials and methods 
A homogenous plot of a grass/legume crop (red 
clover, alfalfa and timothy 50:20:30) was divided 
into two blocks and was mown with a disk mower-
conditioner harvester and set to place windrows. 
Wilted up to 35.9 % DM, the grass/legume 
crop was picked up with a round baler with the 
stationary cutting blades engaged and baled into a 
1.2 m hight and 1.2 m diameter cylindrical bales 
with a weight of about 700 kg. Immediately after 
baling, the bales were carted from the field to 
the storage area individually wrapped and then 
labelled. Six layers of plastic film were used for 
wrapping the big bales to ensure anaerobic storage 
until opening. Thirty untreated (CTR) bales and 
30 SiloSolve® FC (FC) treated bales were prepared 
for each fermentation period (8, 32 and 120 days). 
SiloSolve® FC containing Lactococcus lactis DSM 
11037/1k2081 and Lactobacillus buchneri DSM 
22501/1k20738 applied at 1.5×105 CFU g-1 forage. 
The inoculant was dissolved in tap water and 
applied as 2 g inoculant/tonne of fresh forage. The 
blend of the bacterial strains was applied during 
the harvesting process and using a commercial 
pump. All 60 big bales were individually weighed 
after wrapping and again after 8, 32 and 120 days 
of storage for measuring fresh weight losses for 
calculating DM loss. Five big bales from each 
treatment and each fermentation period chosen at 
random were sampled and tested for nutritional 
and fermentation parameters, and yeasts and 
mould count. Aerobic stability was measured 
using temperature sensors inserted into the centre 
of other five replicate, uncovered big bale silages, 
and defined as the time difference for the bale 
temperature to exceed a threshold of 3 °C above 
ambient. At the end of the aerobic stability test, big 

bales were individually weighed for determining 
fresh weight loss and silages were sampled and 
tested for DM content, pH, yeast and mould count. 
Data were statistically analysed as a randomized 
complete block by using the GLM procedure of 
SAS.

Results
Mean DM and WSC content of wilted grass/
legume reached the targeted value of 35.9% and 
2.65 %, respectively. The number of epiphytic 
LAB was 4.48 log10 cfu/g of pre-ensiled fresh 
grass/legume. Molds and yeasts were detected at 
5.00 log10 cfu/g and 5.70 log10 cfu/g, respectively. 
Chemical composition, fermentation products 
and microbial analyses data show that there were 
clear differences between the inoculant treated and 
control silages (Table 1). DM content, DM loss and 
fermentation products data (lactic acid, alcohols 
and proportion of ammonia-N) during the 8 days 
ensiling period showed no significant differences 
between the treatments in the rate and type of 
fermentation, despite a significantly lower pH of 
the treated silage. Appreciable decreased number 
of yeast and mould (P < 0.01) were detected in the 
inoculated silage when compared with untreated 
silage. After 32 and 120 days of fermentation, 
DM content, lactic and acetic acid concentrations 
were higher (P < 0.01) in inoculant treated silage 
compared to control silage. Inoculant treatment 
during 32 days fermentation reduced DM loss, 
pH value, ammonia, alcohols and butyric acid 
concentration compared to untreated silages. At 
day 8, 32 and 120 of fermentation LAB number 
in the inoculated silages was higher (P < 0.01) and 
number of yeast and mould lower (P < 0.01) when 
compared with untreated silage. 

Table1: Fermentation characteristics and 
microbiological parameters of grass/legume 
mixture ensiled in big bales with or without 
inoculantion with SiloSolve® FC after different 
periods of fermentation
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Days of fermentation 8 32 120
Treatment CTR FC P CTR FC P CTR FC P
DM, g/kg 340.9 342.8 ns 327.7 334.7 ** 317.6 328.7 **
DM loss, g/kg 56.3 48.4 ns 94.8 58.6 ** 120.9 70.1 **
Crude protein, g/kg DM 180.6 184.7 ns 162.4 175.8 * 139.4 168.2 **
pH 5.28 5.00 ** 4.67 4.50 ** 4.37 4.21 **
N-NH3 fraction, g/kg total 
N 30.82 30.58 ns 43.6 33.7 ** 60.08 39.31 **

Alcohols, g/kg DM 6.05 5.26 ns 9.03 6.83 ** 10.27 7.03 **
Lactic acid, g/kg DM 19.92 26.62 ns 33.45 57.18 ** 51.63 70.22 **
Acetic acid, g/kg DM 10.95 13.46 * 14.89 23.35 ** 21.13 32.91 **
Butyric acid, g/kg DM 0.72 0.16 ** 1.37 0.28 ** 1.09 0.26 **
Propionic acid, g/kg DM 0.20 0.23 ns 0.25 0.39 * 0.20 0.59 **
LAB, log CFU/g 7.06 8.90 ** 8.17 9.88 ** 8.02 9.41 **
Yeast, log CFU/g 3.54 2.35 ** 2.94 1.06 ** 2.33 1.00 **
Mould, log CFU/g 3.17 1.92 ** 2.64 1.59 ** 2.44 1.22 **

* P < 0.05; ** P < 0.01; ns: non-significant 

SiloSolve® FC reduced the development of yeast 
and mould inside silage and limited weight loss 
during the aerobic exposure for the all fermentation 
periods (Table 2). Reduction in yeast and mould 
population during anaerobic phase of silage 
conservation and during aerobic exposure appears 

to be the main reason for the improved aerobic 
stability of the inoculated big bale silage (Table 2). 

Table 2: Aerobic exposure results of grass/legume 
mixture ensiled in big bales with or without 
inoculantion with SiloSolve® FC after different 
days of storage.

Days of fermentation 8 32 120
Treatment CTR FC P CTR FC P CTR FC P
Fresh weight loss, % 28 20 * 4.64 2.63 * 3.66 1.64 **
DM, g/kg 318.6 327.2 * 309.3 321.7 ** 302.9 317.6 **
pH 7.16 5.95 ** 9.15 6.04 ** 5.00 4.31 **
Yeasts, Log10 CFU/g 7.75 3.21 ** 6.60 1.91 ** 5.60 1.12 **
Moulds, Log10 CFU/g 7.02 3.62 ** 6.02 3.71 ** 6.87 4.13 *
Aerobic stability, h 0 0 ns 57 198 ** 346 720 **

* P < 0.05; ** P < 0.01; ns: non-significant 

Results of temperature changes inside the big 
bales during exposure to air over time are shown 
in Figure1, and Figure 2. Big bales, fermented 
for 8 days, did not differ in temperature between 
treatments, as the temperature of both treatments 
was above the threshold from the beginning of the 
aerobic exposure. Big bales, fermented for 32 days, 

showed a faster increase in temperature of the CTR 
bales than of the FC bales from day 5 up to day 18 
of exposure to air. Inside big bale silage fermented 
for 120 days, CTR bales had a significantly higher 
temperature than of the FC bales from day 10 up 
to the end of aerobic stability test. Moreover, the 
temperature decreased continuingly inside FC 
bales during the aerobic exposure period.
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Figure 1: Temperature changes inside grass/legume big bales (8 days of fermentation) during 8 d 
exposure to air period

Figure 2: Temperature changes inside grass/legume big bales (32 d of fermentation) during 21 d 
exposure to air period

Figure 3: Temperature changes inside grass/legume big bales (120 d of fermentation) during 30 d 
exposure to air period
Discussion and Conclusions
Recently, dual-purpose inoculants containing 
homo-fermentative and hetero-fermentative 
bacteria have been developed to improve the 
speed of fermentation and the aerobic stability. 
In our study, inoculated silage had significantly 
lower pH value and higher levels of lactic acid and 
acetic acid. Acetic acid has antifungal properties 
and can inhibit the growth of yeasts and moulds 
under aerobic conditions (Đorđević et al., 2017). 
In our experiment, concentration of ethanol was 
lower in the inoculted silage. High levels of 
ethanol are often associated with high levels of 
yeast. Lactic acid, acetic acid, and water-soluble 
carbohydrates are the main sources of energy for 
the microorganisms involved in the first phase of 
silage deterioration during aerobic exposure. The 
oxidation of these nutrients results in the production 
of carbon dioxide and water, with the evolution 
of heat and an increase in silage pH (Kung et 
al., 2018). Borreani and Tabacco (2010) reported 
that increases in temperature at the silo face are 
clearly linked to aerobic activity of mould growth. 
Previous studies have reported that combining 
specific strains of L. buchneri and L. lactis as a 
silage inoculant can efficientely control yeast and 

mould growth in grass and maize silages (Copani 
et al., 2018a,b). The present study indicated that 
inoculated silages had significantly better aerobic 
stability by delaying aerobic deterioration time, 
compared with the control silage. These results 
are directly related to the inhibition of growth 
of yeasts and moulds. The present results are 
in agreement with several previous studies, 
where inoculation with L. buchneri and L. lactis 
improved aerobic stability in various crops (Galo 
et al., 2018). The results confirm that applying 
bacterial inoculant containing L.buchneri and 
L. lactis can effeciently control yeast and mould 
growth and improve aerobic stability of grass/
legume ensiled in big bales. The evaluation of the 
extension of the visible mouldy areas combined 
with temperature measurements could be used to 
obtain a good indication of the health status of 
the silage during feed out. Reduction in yeast and 
mould population during anaerobic phase of silage 
fermentation and during silage aerobic exposure 
period appears to be the main reason for the 
improvement aerobic stability of the inoculated 
silage. Improved fermentation, reduced DM loss 
during fermentation and during aerobic exposure 



478

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

periods lead to increase nutritive value of the inoculated silage.
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Abstract
Soil seed banks play a major role in the vegetation dynamics of drylands, where annual rainfall is 
unpredictable and plants depend on a persistent stage (seeds) to survive over the dry season. The purpose 
of the study is to understand the behaviour of the rangeland system in terms of soil seed bank dynamics 
before, during and after crossing the “so called” DTP and to determine whether different management 
systems plays a role in accelerating the desertification process. Through the use of the Space for Time 
Substitution Approach the study analysed spatial grazing gradients (gradients radiating from water points) 
to predict how soil seed banks would respond to long term grazing scenarios. Soil seed bank samples 
were collected along grazing gradients under two management systems (commercial and communal), 
processed through seedling emergence method and analysed with SPSS statistical package. Though our 
results indicated larger soil seed bank under the commercial management system, the seed bank size did 
not differ significantly along both commercial and communal grazing gradients. Commercially managed 
sites had a larger seed bank of perennial grasses compared to communal sites. Some of which increased 
gradually with increasing grazing intensity (Eragrostis trichophora), while other decreased with the 
increase in grazing intensity (Eragrostis rigidior and Eragrostis pallens). Further testing of other seed 
processes is still ongoing and will be completed in the 1st quota of 2022.  Based on the first results soil 
seed bank size might not be a good indicator of DTP but rather seed bank life form composition as well 
as species composition of perennial grasses might serve as good indicators of DTP.
Introduction
Desertification is one of the major types of regime 
shifts that occur in drylands which is mostly 
driven by climate change and land-use dynamics. 
Overgrazing, unsustainable agricultural practices, 
and drought are the major drivers of desertification 
in semi-arid savannas (Sullivan 2000). Most 
Namibian savannas are overwhelmingly dominated 
by annual grasses at the expense of perennial 
grasses (Sullivan 2000) thus raising concerns on 
whether the landscape is shifting towards a tipping 
point. According to Rietkerk et al., (1996), the 
replacement of perennial grasses by annual grasses 
could be a sign of land degradation. 

The resilience and resistance of such systems 
depends on the vegetation life stages that buffers 
it from adverse environmental variability both in 
space and time. Soil seed banks play a major role 
in the vegetation dynamics of drylands, where 
annual rainfall is unpredictable and plants depend 
on a persistent stage (seeds) to survive over the 
dry season (Venable 2007; Tielbörger et al., 2012). 
The ability of the soil seed bank to be distributed 
both in space and time allows vegetation to 
escape unfavourable conditions (Kemp 1989).  
Persistent seed banks, not only serve as a hedge 

against extinction under variable conditions and 
across long dry periods, but they can also serve 
as a buffer for avoiding extinction under otherwise 
adverse conditions (Jurado and Flores 2005). On 
the one hand, desertification tipping points may be 
retarded if despite high mortality of adult plants, 
persistent seeds are available to restore population 
stability through the recruitment of suppressed 
species when conditions become favourable 
(Dreber et al., 2011). Furthermore, the systems 
resilience may also be enhanced by the seed 
banks (Tessema 2011), such that when apparent 
desertified rangelands are abandoned, dormant 
seeds may still germinate and initiate a positive 
regeneration cycle. Vice-versa, once the seed 
banks are depleted, DTPs may occur rapidly via 
positive feedback loops between seed number and 
plant number.  Unfortunately, very little is known 
about seed banking for vegetation persistence and/
or resilience in savannas, more especially for the 
rather valuable perennial grasses.

This study investigates the potential use of the 
soil seed bank as early warning indicator of 
desertification tipping point by employing the 
space for time substitution approach. The study 
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addresses the effect of increased grazing intensity 
on soil seed bank size and composition, and 
whether these soil seed bank characteristics are 
influenced by management strategies. 

Materials and methods 
The study was carried out in the Greater Waterberg 
Landscape Conservation Area (GWLA) approx. 
250 km north-east of Windhoek. The GWLA 
covers an area of about 19 200 km2 of semi-arid 
savanna of which about 85% is communal land 
and about 13% is commercial land (Ministry of 
Environment and Tourism 2013). The study site 
receives an average annual rainfall of 400 - 500 
mm, and it experiences maximum temperature of 
up to 40⁰C in the hottest months, and minimum 
temperatures of below –10⁰C in winter months 
(SASSCAL Weather net; Amputu et al., 2019). 
The vegetation in the area is typical of Northern 
and Central Kalahari and Thornbush shrubland 
(Ministry of Environment and Tourism 2013). 

A total of eight sites were selected for this study 
within the Waterberg region, representing two 
management systems (4 communal areas and 
4 freehold commercial farms). All sites are 
mainly grazed by cattle with a few wildlife under 
commercial management system. At the time the 
data was collected only 6 sites were identified and 
sampled (3 sites per management system). Two 
grazing gradients were identified per site, radiating 
from an active water point for commercial 
management system, and from the edge of the 
village homesteads for communal management 
system (the areas of high grazing pressure) to 
further away from the water point/ village edge 
(areas with low grazing pressure). Transects 
measuring on average of 1800 m were set up 
along each grazing gradient. Along each transect, 
3 plots each measuring 100 m2 were demarcated in 
a logarithmic order with a maximum of 9 quadrats 
each measuring 1 m2 nested within representing 
three microhabitats (3 next to an established 
perennial grass tussock, 3 away from perennial 
tussocks, and 3 next to woody plants). Soil 
samples were collected with a 9.8 cm diameter 
cylinder to the depth of 5 cm. One sample was 
pooled from each quadrat, put in a plastic bag and 
all were transported to the nursery at the National 
Forestry Research Centre. Sampling was done 
during October and September 2019, right after 
seed set was completed and just before the rainy 
season. At the nursery samples were then spread in 
12cm x 12cm pots filled halfway with sterile soil 

and watered daily from the beginning of February 
2020 until end of April 2020. The germinated 
seedlings were identified, counted and recorded. 
Seedlings that were difficult to identify were 
transplanted and left to grow to the adult stage 
to enable identification. For the species whose 
identity was uncertain, samples were pressed and 
specimens were send to the National Herbarium 
of Namibia for identity confirmation. The data 
was then analysed in SPSS. Univariate analyses 
of variance (ANOVAs) were conducted to test the 
effects of grazing pressure and management on 
soil seed bank size of germinable soil seed bank as 
well as on seed density of perennial grass species. 
Tukey’s HSD tests were used when a significant 
ANOVA results were obtained. The similarity in 
species composition between the two management 
systems was compared using the Sørensen’s 
similarity coefficient.

Results
Seed bank size

A total of 3276 seedlings belonging to at least 77 
species emerged from the soil seed bank. Of this, 
60.8% of the seedlings came from the commercial 
sites while 39.2% came from communal sites. 
The soil seed bank size was significantly larger in 
commercial compared to communal management 
systems F (1, 34) = 9.982, p=0.003, with no 
significant differences along the grazing gradients 
F (2, 35) =0.562, p=0.576. The emerged seedlings 
came from 63 species in commercial while 54 
species came from communal area, with a similarity 
coefficient in species composition between the two 
management systems of 0.615. 

Plant life form composition

Annual grasses had the highest number of seeds 
in the soil seed bank under both management 
systems (Commercial: 54.2%; communal: 62.1%) 
followed by forbs and sedges (commercial: 30.3%; 
communal: 33.7%). But the soil seed bank size of 
both annual grasses and forbs and sedges did not 
differ significantly between management systems. 
While perennial grasses had the lowest number of 
seeds in the seed bank under both management 
systems, but their seed bank size differed 
significantly between management systems 
F(1,35)=11.033, p=0.002. Commercially managed 
sites had a larger perennial grass seed bank (15.5%) 
compared to the communal management system 
(4.2%). No significant differences were found 
in all lifeform seed bank distribution along the 
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grazing gradient under both management systems 
F (4, 17) = 1.122, p= 0.351. 

Perennial species composition

In commercial sites the two dominant species in 
the seed bank were Eragrostis tricophora and 
Eragrostis rigidior. E. trichophora showed a 
significant increase with an increase in grazing 
intensity F (2,159) = 15.045, p=0.000 while, E. 
rigidior seed bank size increased with a decrease 
in grazing intensity F (2,159) = 4.305, p=0.15. 
In communal sites E. tricophora and Eragrostis 
pallens  showed similar trends to commercial sites, 
with E. tricophora increasing significantly with 
an increase in grazing intensity F(2,158)=11.934, 
p=0.000, while, E. pallens increased with a 
decrease in grazing intensity F(2,158) = 6.413, 
p=0.002.   

Discussion 
Our results showed that commercial management 
sites had a significantly larger and more diverse 
soil seed bank than the communal management 
sites. A variation that seem to be resulting from 
the density of perennial grasses, which were 
found to be significantly high in commercial than 
in communal management sites.  This might be 
due to differences in management systems, such 
as controlled animals’ carrying capacity, resting 
of rangeland and the provision of supplementary 
fodder. These aforementioned strategies are known 
to be applied by commercial farmers (Olbrich et 
al., 2012) which results in lower grazing pressure, 
leading to high vegetation cover and the ability of 
the herbaceous vegetation to complete their life 
cycles. Therefore, explaining the high seed density 
under the commercial management system. In 
contrast communal areas are subjected to poor 
rangeland management (Falk 2008), which might 
have resulted in overgrazing of such rangelands. 
Overgrazing triggers a decrease in the soil seed 
bank density of perennial grasses (Bisigato 2000) 
and the overall plant species density and richness 
decreases with rangeland degradation, although 
not always in significant ways (Kassahun et al., 
2009). 

Though we predicted a low soil seed bank closer 
to water point which increases with the decrease in 
grazing intensity, we found no significant influence 
of grazing intensity on annual grasses, forbs and 
sedges seed bank size. Annual grasses dominated 
the seed bank which was also high throughout the 
grazing gradient even at the highly utilized areas 

(close to the water point/homesteads). Annuals 
persistence even under high grazing pressure can 
be a result of several characteristics such as the 
production of small sized seeds that get buried 
easily and their ability to deter grazing during 
reproduction stage (Dreber et al., 2011). Annuals 
also reach reproduction maturity fast, and produce 
large number of seeds (Fenner and Thompson 
2005) and disperse their seeds shortly after 
maturation (Gutterman 2000). Furthermore, they 
are also known to have an adaptive germination 
rate, meaning it decreases with decrease in 
habitat favourability (Ritland and Jain 1984,). 
On the other hand perennials reproduce late in 
the growing season and they stay alive for long 
making them a target or preferred forage material 
during the dry season. Hence, causing potential 
changes in vegetation composition which has been 
correlated with reduction in reproduction success 
through herbivory (Milton and Dean 1990). Thus 
severe grazing pressure on seed bearing adult 
plants coupled with prolonged droughts might 
be the potential cause of lower soil seed banks 
of perennial grasses (Solomon et al., 2006) as 
compared to annual grasses and forbs. It has also 
been found that overgrazing leads to a decline in 
the soil seed bank density of perennial grasses 
(Bisigato 2000).

 Although the overall seed bank density for 
perennial grasses did not vary with grazing 
intensity, there were some species-specific 
responses to grazing intensity among the different 
perennial grass species. As expected, areas 
with low grazing intensity had high number of 
Eragrostis rigidior seeds; a desirable sub-climax 
perennial grass species (Bester et al., 2003; Müller 
2007) which is tolerant to moderate overgrazing 
(Roodt 2015). Seed bank density of Eragrostis 
rigidior also decreased significantly with 
increasing grazing intensity. On the other hand, 
and contrary to our expectations, the area with high 
grazing intensity was dominated by grass seeds of 
a perennial grass species (Eragrostis trichophora) 
(Müller 2007), with the species’ seed bank density 
decreasing with decreasing grazing intensity. This 
may however not be so strange an observation 
considering that the species has been reported to 
be a pioneer species (Müller 2007), that is tolerant 
to severe grazing (Roodt 2015). 

Therefore, the seed bank size and composition 
of perennial grasses responded to both the 
management strategies and specific species 
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responded to grazing intensity thus providing us 
with insights on the possible future changes in 
the state of the rangeland. Such that if the grazing 
intensity continues to increase, the soil seed bank 
of more palatable perennial grass species that are 
intolerant to heavy grazing eg. Eragristis rigidior 
might get depleted and replaced by perennial 
grass species that are less prefered as fodder but 
highly tolerant to overgrazing, and are indicators 
of severe overgrazing such as E. trichophora and 
vice versa. Therefore, the perennial grass seed 

bank species composition and abundance may 
serve as possible indicators of rangeland condition 
(Zimmermanno et al., 2001) and as early warning 
signals of looming desertification tipping points.
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The influence of legume species on the productivity and quality of multi-species swards in four 
production years  
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Abstract
In Latvia’s farms, the use of multicomponent grass–legume mixtures is a traditional practice, because 
swards can secure good persistence and stable productivity. Red clover Trifolium pratense (Tp) and 
lucerne Medicago sativa (Ms) are traditional forage crops, but fodder galega Galega orientalis (Go) 
is grown for a relatively short period. Field trials were carried out with the aim to investigate forage 
yield and quality during four production years of sown legume–grass swards. Mixtures were composed 
of 50% legumes and 50% grasses (G). Swards were cut three times during the vegetation season. 
Significant differences in dry matter (DM) yield were found between successive production years and 
mixture types (MT). Highest DM yield (15.92 Mg ha-1 on average for four production years) was stated 
for the mixture containing lucerne (Ms+G). The decline in productivity between the first and fourth 
production years by 14.12 Mg ha-1 (or 68%) was more expressed for red clover mixture (Tp+G), but a 
more stable productivity was demonstrated by swards containing galega (Go+G) – a yield decrease by 
5.88 Mg ha-1 (or 40%). Galega had slow establishment in the sowing year and in the first production 
year. Galega swards’ productive longevity is one of its main advantages. The mixture containing galega 
(Go+G) demonstrated the highest crude protein content (CP) in the third and fourth production years. 
Red clover is a short-term perennial legume, and mixture (Tp+G) had the lowest CP content (99 g kg-1 
DM) on average for four production years. 

Introduction
The increasing role of sustainable grassland-
based ruminant systems in Europe highlights the 
use of sown multi-species swards and stresses 
the need of developing comprehensive studies on 
the influence of different grassland management 
strategies in different local conditions (Peyraud et 
al., 2014).  The addition of legumes in mixtures 
contributes to the reduction of N fertilisation and 
to the improvement of forage quality (Tomić et al., 
2012). Legumes allow improving the sustainability 
and stability of agroecosystems, and provide the 
cheapest source of nitrogen (Wilkins and Vidrih 
2000). Red clover and alfalfa are traditional forage 
crops in Latvia. In Latvian agricultural practice, 
fodder galega (Galega orientalis Lam.) is grown 
for a relatively short period. Recently introduced 
in Latvia, it is raising an ever-growing interest due 
to its persistency, high yielding ability and good 
forage quality (Adamovics et al., 2015).

The objective of our study was to investigate the 
forage yield and quality during four production 
years of multi-species swards containing different 
legume species.  

Materials and methods 
Field trials were conducted at three experimental 
sites in Latvia. At each of the three sites, the same 
mixtures were sown in June 2014 – without a cover 
crop, in three replications, and with a 10-m2 plot 
size. The following grass combinations were used 
in mixtures: Festuca arundinacea, ×Festulolium 
loliaceum, and Lolium boucheanum in equal parts 
(G).  The mixtures were composed of Trifolium 
pratense 50% and grasses 50% (Tp+G); Medicago 
sativa 50% and grasses 50% (Ms+G); and Galega 
orientalis 50% and grasses 50% (Go+G). The 
following fertilization treatments were used for all 
mixture types: N60, P78, and K90 kg ha-1. Swards 
were cut three times during the vegetation season. 
The crude protein (CP) content of dry matter (DM) 
yield was determined by modified Kjeldahl, NDF 
was determined by van Soest, and the mineral 
element Ca was analysed by atomic adsorption 
spectrometry. The data were statistically analysed 
using the two-way analysis of variance, and the 
difference among means was detected by LSD at 
the P<0.05 probability level (Excel for Windows, 
2003). 
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Results
The highest DM yield (15.92 Mg ha-1 on average for 
four production years) was stated for the mixture 
containing lucerne (Ms+G). Lucerne showed fast 
development in the first three production years and 
good competitiveness with grasses. Fodder galega 
significantly surpassed other forage legumes 
in respect to productive longevity; however, it 
was characterised by slow establishment and 
development in the first production years. Galega 
achieves its maximal DM yield only in the third 
year of sward use (Baležentiene and Spruogis 
2011). A slow galega development in the first 
production years caused the lowest DM yield in 
Go+G mixture (11.98 Mg ha-1 on average for four 
production years). 

Significant differences in DM yield were found 
between successive production years. There was 
a significant (P<0.05) MT-by-year interaction. 
Red clover is the most common legume in the 
Baltic countries. It has fast development in the 
first production year, but its productive longevity 
is limited. The decrease in legume proportion in 
Tp+G swards contributed to a more expressed 
decline in productivity between production years. 
DM yield in the second production year decreased 
by 6.70 Mg ha-1 or 32%. The decline of 5.20 Mg 
ha-1 or 37% in productivity between the second 

and third production years was detected for Tp+G 
swards. 

Galega- and lucerne-containing swards 
demonstrated a more stable productivity (Table 
1). For Ms+G sward, no significant differences 
between the yields of the first and second production 
years were found, but a decline in productivity 
between the second and third production years 
was detected by 6.55 Mg ha-1 or 32%. For Go+G 
sward, a decline in productivity between the first 
and second production years was detected by 1.03 
Mg ha-1 or 7%, and between the second and third 
production years – by 3.5 Mg ha-1 or 22%.  

The yield decline between the third and fourth 
production years for all mixtures was caused not 
only by sward aging, but also by meteorological 
conditions – dry summer in the fourth production 
year. The proportion of legumes in sward in the 
fourth production year contributed to legume 
longevity. The highest proportion of legumes 
was detected in Go+G sward (24.2%), but the 
lowest proportion – in Tp+G swards (5.6%). The 
proportion of legumes in Ms+G sward in the fourth 
production year was 16.3%.  

Table 1: Dry matter yield, Mg ha-1, and crude 
protein content in DM yield, g kg-1, during four 
production years

Mixture 
type (MT)

DM yield, Mg ha-1 CP content in DM, g kg-1

Year of sward use (Y) Year of sward use (Y)
First Second Third Fourth First Second Third Fourth

Tp+G 20.72 14.02 8.82 6.60 107.5 102.7 91.8 93.9
Ms+G 19.83 20.56 14.02 9.28 107.2 140.6 128.1 98.0
Go+G 14.73 13.70 10.65 8.85 91.1 131.1 135.8 115.6
Mean 18.43 16.09 11.16 8.24 101.9 124.8 118.6 102.5
LSD0.05   MT= 1.69; Y=1.95; MT/Y= 3.38 MT= 12.58; Y= 14.53; MT/Y= 25.17

LSD – least significant difference

Significant differences in CP content were found 
between production years and mixture types. 
Galega is reported as a high-value legume, 
providing fodder rich in protein and bio-active 
substances (Baležentiene 2008). In our trials, 
CP content (118.4 g kg-1 on average for four 
production years) for galega-containing mixtures 
was not very high due to the large grass proportion 
in swards (especially in the first year of sward 
use). The mixture containing galega (Go+G) had 
the highest CP content in the third and fourth 
production years. 

Red clover mixture (Tp+G) had the lowest 
average CP content (99 g kg-1 DM). A successive 
CP content decrease with sward aging was not 
observed. The significant CP differences between 
the years of sward use can be explained not only 
by different legume contents, but also by different 
meteorological conditions – dry summer in the 
first and fourth production years.  

Legumes accumulated Ca more than grasses, and 
Ca content in mixture DM is closely connected 
with legume proportion in sward (Adamovics and  
Gutmane 2018). The highest Ca content in DM 
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yield (9.56 g kg-1 on average for four production 
years) was stated for the mixture containing 
lucerne. The Ca content in Go+G mixtures in the 
third and fourth production years was significantly 
higher in comparison with Tp+G mixtures (Table 
2). 

There were no significant differences in the 
average NDF content between the mixtures. A 
significant increase in NDF content during the 

first three production years was found for Tp+G 
mixtures. It correspond with red clover content 
decrease in sward during production years. The 
mixture containing lucerne (Ms+G) demonstrated 
a stable NDF content during the four production 
years. 

Table 2: NDF and Ca content in DM yield, g kg-1, 
during four production years

Mixture type 
(MT)

NDF content in DM, g kg-1 Ca content in DM, g kg-1

Year of sward use (Y) Year of sward use (Y)
First Second Third Fourth First Second Third Fourth

Tp+G 473.9 522.2 568.6 565.2 8.50 8.33 5.62 4.55

Ms+G 527.3 522.6 547.1 525.9 8.05 12.75 10.65 6.80
Go+G 541.2 547.3 563.1 510.8 4.88 8.72 6.88 6.45
Mean 514.1 530.7 559.6 534.0 7.14 9.93 7.71 5.93
LSD0.05   MT= n.s.; Y=20.92; MT/Y= 36.24 MT= 1.20; Y= 1.38; MT/Y= 2.39

LSD – least significant difference; n.s. – not 
significant

Discussion  
Significant differences in DM yield and in the CP 
and Ca content in DM yields were found between 
production years and mixture types. The highest 
yields for all legume-containing mixtures were 
obtained in the first harvest year. Three production 
years was the maximal duration of sward use for 
the mixture containing red clover. Even in third 
production year, a decrease in red clover proportion 
in sward contributed to a significant decrease in 
DM yield and in the content of CP and Ca.

Mixtures containing lucerne are appropriate for 
four years of sward use, providing high average 

DM yields with good forage quality. A longer (five 
or more years) use of Ms+G sward in a three-
cutting management is not recommended due to 
a significant decline in productivity and forage 
quality (the CP and Ca content).

Mixtures containing fodder galega could be 
recommended for a long-term (more than for 
years) sward use. The slow establishment and 
development of galega caused the lowest DM 
yields in the first and second production years. In 
the fourth production year, the DM yield of Go+G 
sward was essentially higher in comparison with 
Tp+G mixtures, but differences in Ms+G mixtures 
were not significant. Galega-containing mixture 
demonstrated a more stable productivity and 
forage DM quality during sward aging.
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Abstract
This study aimed to detect the optimum seeding and harvesting dates, and to verify the variation of 
dry matter yield (DMY) for sorghum-sudangrass hybrid (SSH) via optimum moving RSM proposed 
to optimize the RSM in metadata. For detecting the optimum point, a response surface methodology 
(RSM) has been known well in agricultural science. The SSH metadata (n = 856) consists of individual 
experiments that could be performed to check the optimum seeding and harvesting dates by classic 
RSM. However, the SSH metadata failed to produce an effective single equation which can be detected 
the optimum seeding and harvesting dates due to different characteristics of the experimental design. 
Therefore, RSM were optimized by moving to an optimum point, it was called the optimum moving 
RSM in this study. As a result, the optimum seeding and harvesting dates were obvious based on a 
single quadratic function. The maximum DMY at the optimum seeding and harvesting dates (4th of 
May and 23th of September, respectively) were 25,404.50 kg/ha and 23,697.01 kg/ha, respectively. The 
SSH yield was rapidly decreased after 10 days from the optimum date, and the seeding and harvesting 
should be performed within 5 days to ensure a stable yield. Furthermore, the optimum moving RSM 
was expected to be useful to detect the optimum point in the metadata. About 11 hours grazing time was 
suggested focused on milk fatty acid and yield (27 kg/d) for Holstein cows as the optimum through eco-
pastoral system. This study will be helpful to select a time of grazing in alpine grassland for farmers who 
want to produce good quality milk. This paper was published in the journal, Grassland Science (Wiley), 
in March (Kim et al., 2020).

Introduction
Sorghum–sudangrass hybrid (Sorghum bicolor L., 
SSH) has been suggested as a summer forage crop 
due to its drought resistance and regrowth ability 
in the most regions of the Republic of Korea. The 
annual mean dry matter yield (DMY) of SSH is 
10.6 to 13.8 t/ha with two or more harvests over 
20 weeks from May to September (Hwang 2019). 
According to Harris (1996), DMY of the SSH is 
proportional to the rate at which the seedlings 
emerge for 25 days after the seeding date, and 
performance is successful when the soil dries 
slowly or the seeds germinate and emerge quickly. 
The harvesting time was found also to be important 
to forage quality, yield and composition (Atis et 
al., 2012); in particular, the appropriate harvesting 
time contributes to high yield and fodder quality in 
the physiological maturity stage and in the dough 
stage as lignin content increases.

The response surface methodology (RSM) 
is popular method for finding the optimum 

point related to screening, steepest ascent and 
modeling as an experimental strategy, based on 
linear functions with one or more explanatory 
variables as an experimental strategy (Box and 
Wilson 1951; Buyske and Trout 2001). According 
to Khuri (2017), while the approach in RSM 
may be difficult in an agricultural environment 
where experiments are typically conducted over 
for a long period of time between steps, there 
is an advantage to be obtained by using certain 
techniques. Therefore, RSM was suitable to detect 
the optimum seeding and harvesting dates and to 
check the DMY variation of SSH according to the 
date changes in this study.

Metadata are structured data that are descriptive, 
structural, administrative, referencing and 
statistical and are called data about data (Riley 
2017). To model the time series characteristic of 
the metadata, the yield trend by year was checked 
with climatic variables and/or weather events for 
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summer forage crops (Chemere et al., 2019; Kim 
et al., 2019). Because of the different variables 
contained in the metadata, the causal relationship 
of climatic variables affecting yield was identified 
by longitudinal structural equation modeling for 
winter forage crops (Kim et al., 2014; Kim et al., 
2016). Since cultivation experiments were carried 
out in various places, the yield prediction was 
modeled based on the cultivated location in order 
to ensure data homogeneity (Kim et al., 2017; 
Peng et al., 2017).

This study aimed to detect the optimum date to seed 
and harvest for SSH, check the DMY variation of 
SSH and propose the optimum moving RSM to 
modify the RSM in the metadata.

Materials and methods 
The metadata were collected from various 
reports (n = 856) across a period of 35 years, 
for experiments on SSH (1979–2013), including 
the cultivar (Jumbo, SX17, Dentaka, etc.), year, 
location, seeding date, number of harvestings, 
harvesting dates by harvesting times and DMY 
(kg/ha) where SSH was harvested at a height 
of 120–150 mm (RDA, 2011). In the metadata, 
individual experiments for SD and HD were 
combined. HD was fixed when the optimum SD 
was detected. Every experiment exploring the 
optimum SD was carried out with seeding three or 
more times on different dates and one harvesting 
on the same day. The metadata consisted of K 
individual experiments to find the optimum SD, as 
shown in Figure 1. The levels of SD and HD in 
the metadata were the sum of individual level () 
and the number of experiments (K), respectively. 
Therefore, it was necessary to confirm the academic 
friction concerning the interaction effect caused 
by the difference between the design of individual 
experiments and the composition of metadata. 
Furthermore, the level of SD had different numbers 
and intervals according to individual experiments; 
hence, the optimum moving transformation based 
on centralization and standardization as a way to 
modify the SD was used for RSM in this study.

RSM and optimum moving RSM were performed 
by Proc OPTEX and Proc RSREG in SAS 9.4. The 
optimum moving transformation was carried out 
by R 3.6.0.

Results
To check the optimum seeding and harvesting 
dates by response surface methodology

According to the descriptive characteristics of 
the variables (Table 1), the mean DMY was 
16,628.80 kg/ha, similar to the median. The 10th 
and 90th percentile DMY (kg/ha) were 10,653.00 
and 24,846.90, respectively. The mean SD and 
HD (day) were 129.73 and 263.12 respectively, 
equal to the 9th of May and 20th of September, 
respectively.

Figure 1: Configuration of metadata for seeding 
date combined by individual experiments

SD: seeding date, HD: harvesting date, K: # of ex-
periment, L: # of level, M: # of replication
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Table 1: The characteristics of variables of sorghum-sudangrass hybrid in the metadata

Variables (Abbreviation, 
unit) Mean

Stan-
dard 
Error

Median
Percentile

10th 90th

Dry matter yield (DMY, kg/
ha) 16,628.80 239.39 16,768.00 10,653.00 24,846.90

Seeding days from 01 Jan 
(SD, day) 129.73 0.47 127.00 119.00 148.00

Harvesting days from 01 Jan 
(HD, day) 263.12 0.50 262.50 249.00 280.00

Table 2: The estimation of a quadratic function to detect the optimum seeding and harvesting dates for 
dry matter yield of sorghum-sudangrass hybrid via response surface methodology

Parameters Coefficient P-value D-effects F-value R2 
Constant -996,644.00 < 0.05

33.77
33.60

(P < 0.05)
0.25

SD† 532.96 0.86
HD‡ 7,327.38 < 0.05

SD*SD -7.21 0.11
HD*SD 4.50 0.56
HD*HD -14.65 < 0.05

†SD: seeding days from the first of January, ‡HD: harvesting days from the first of January

Furthermore, the optimum point and maximum were effectively displayed based on the contour and up-
convex shape of the response surface plots (Figure 2); however, the model fitted poorly to the metadata 
(R2 = 0.25), and the optimum effect was somewhat low (D-effects < 0.5).

Figure 2: Response surface plots for dry matter yield by seeding harvesting dates for sorghum-sudangrass 
hybrid (left is response contour, right is 3D-response surface)

To check the optimum seeding and harvesting dates by optimum moving response surface 
methodology

From the metadata, although all quadratic functions appeared clearly up-convex, they had different 
vertex positions and gradients in both SD|HD and HD|SD. The model fitness (R2) of SD|HD and HD|SD 
was 0.25 and 0.10, respectively (Figure 3).
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Figure 3: Individual quadratic functions of dry matter yield by seeding and harvesting dates for sorghum-
sudangrass hybrid (left is seeding date, right is harvesting date)

In addition, the outliers of SD|HD (3 models) and HD|SD (1 model) were eliminated based on the 
coefficient of the quadratic term (). Then, the single quadratic function of SD|HD (or HD|SD) was 
estimated as the final step in optimum moving RSM (Table 3). The optimum SD|HD and HD|SD were 
-2.02 and 0.00, respectively. By summing the optimum and mean, the optimum days could be calculated 
at 124.18 and 266.29 respectively, equal to 4th of May and 23rd of September, respectively. Both models 
fitted well (R2 ≥ 0.7), and optimization was effective (D-effects ≥ 0.5). The maximum DMY (kg/ha) was 
24,495.50 for SD|HD, and 21,915.01 for HD|SD. The DMY variation (kg/ha) was 677.00, 2105.00 (10 
% loss) and 4282.50 (20 % loss) at ±5, ±10 and ±15 days from the optimum seeding date, respectively. 
For the optimum harvesting date, the DMY variation (kg/ha) was 1353.43, 1948.94 (10 % loss) and 
4385.12 (20 % loss) at ±5, ±6 and ±9 days, respectively. Furthermore, the coefficient of the quadratic 
term of HD|SD was 3.6 times greater than that of SD|HD.

Table 3: The estimation of a quadratic function and optimum point for seeding and harvesting dates for 
sorghum-sudangrass hybrid via optimum moving response surface analysis

Model Parameters Coefficient R2 F-
value

Opti-
mum 
point

D-effects Maximum 
yield

SD†|HD‡

Quadratic () -14.99 (P < 
0.05)

0.71
29.04 
(P < 
0.05)

-2.02 52.19 -910Linear () -60.46 (P < 
0.05)

Constant () -971.43 (P < 
0.05)

HD|SD

Quadratic () -54.14 (P < 
0.05)

0.70
29.16 
(p < 
0.05)

0.00 52.86 -1,782Linear () 27.50 (P = 
0.64)

Constant () -1,782.56 (P 
< 0.05)

†SD: seeding days from the first of January, ‡HD: harvesting days from the first of January

Discussion
This study was carried out to determine the 
optimum seeding and final harvesting dates, and 
to confirm the DMY variation of the SSH. The 
optimum SD and HD by RSM (1st of May and 
25th of September, respectively), and the optimum 
moving RSM (4th of May and 23rd of September, 
respectively) were found to be similar. According 

to RDA (2011), SSH sown in early May is harvested 
for the first time in early-mid July, second in early-
mid August, and last in mid-late September. Even 
though the optimum date is appropriate regardless 
of the methodology, the fitness and optimum 
effect of RSM is worse than that of the optimum 
moving RSM. In particular, the critical drawback 
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of RSM is that it is difficult to apply to metadata 
due to poor fitness. Therefore, we propose that the 
optimum moving RSM is useful in the following 
two conditions:

�Generating an individual model representing a 
clear optimum point by the RSM in the metadata.

�Setting a fixed variable that can be considered as 
a given effect to others.

We expected that the optimum moving response 
surface methodology would be useful for detecting 
the optimum point in the metadata. However, dry 
matter yield variation of the sorghum- sudangrass 
hybrid was more sensitive to the harvesting 

date than the seeding date. Accordingly, farmers 
should sow and harvest within 9 and 6 days of the 
optimum seeding and harvesting dates for stable 
yield, respectively. Considering the good weather 
conditions in the Republic of Korea, the optimum 
seeding and harvesting times are early May and 
late September, respectively.
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Abstract
Sunn hemp (Crotalaria juncea L.) is a warm-season annual legume that has been widely used as cover 
crop; however, there is potential to use sunn hemp as forage in subtropical regions. The objective of 
this study was to evaluate management practices to improve the efficiency of using sunn hemp as a 
forage crop. The study was conducted in Ona, Florida, USA from 2016 to 2018 and tested the factorial 
arrangement of five sunn hemp genotypes (Crescent Sunn, Ubon, Blue Leaf, and AU Golden) and two 
harvest times (60 d after seeding or flowering) with four replicates. There was a cultivar × harvest period 
effect on HA, crude protein (CP), and in vitro digestible organic matter (IVDOM) concentrations. Herbage 
accumulation was greater at flowering than 60 d harvest for all cultivars; however, the magnitude of 
increase was greater for Blue Leaf and Crescent Sun than AU Golden and Ubon. AU Golden and Ubon 
flowered at 83 and 92 d after seeding, while Blue Leaf and Crescent Sun flowered or were harvested at 
166 d after seeding. AU Golden and Crescent Sunn had the greatest CP at 60 d harvest, and Blue Leaf 
and Ubon had the least CP concentrations. AU Golden and Crescent Sun had the greatest IVDOM at 
60-d harvest; however, AU Golden and Ubon had greater IVDOM than Blue Leaf and Crescent Sun at 
flowering. Sunn hemp may be a feasible warm-season annual legume to be used in forage systems in 
Florida and harvest 60 d after seeding would results in forage with greater nutritive value.

Introduction
Warm-season perennial grasses are the predominant 
forages in tropical and subtropical regions; 
however, there is a possibility of using warm-
season legumes in pure stands or overseeded into 
warm-season perennial grass pastures to increase 
herbage accumulation and forage nutritive value 
and supply biologically fixed N to grazing systems. 
Warm-season legumes can fix from 130 to 300 kg 
N yr-1 (Thomas et al., 1992), 

Sunn hemp is a warm-season annual legume and 
has been used primarily as a cover crop due to the 
rapid growth. Sunn hemp HA varies depending 
on its management and climatic conditions, being 
reported a range from 1 to 9 Mg DM ha-1 (Finney 
et al., 2016; Mahama et al., 2016; Young-Mathews 
2017)cover crops have been recognized for their 
ability to provide N for succeeding crops. The 
objectives of this study were: (i. Some articles 
reported superior CP concentrations, ranging 
from 110 to 180 g kg-1 (Foster et al., 2017). 
Additionally, La Guardia and Dereck (2018) 
showed concentrations from 520 to 620 g kg-1 of 

neutral detergent fiber (NDF) and 620 to 710 g kg-1 
of in vitro DM digestibility (IVDMD), using this 
legume as forage crop intercropped with corn (Zea 
mays L.). Similarly to many forages, it has been 
observed an inverse correlation between maturity 
and nutritive value in sunn hemp.  Lepcha et al., 
(2019) observed decreasing values of 178, 143 and 
117 g kg-1 of CP and 798, 678 and 508 g kg-1 DM 
of in vitro true dry matter digestibility (IVTD) at 
35, 45 and 55 d after seeding, with an increase of 
399, 573 and 615 g kg-1 in NDF during the same 
period of time. 

 Sunn hemp seeds and pods may contain 
pyrrolizidine alkaloids; however, several studies 
have shown a safe animal consumption of this 
legume without adverse effects, if consumed in 
the vegetative stages with no seedheads (Burke 
et al., 2011; Purseglove, 1981; Strickland et al., 
1987)using a rat bioassay and requiring only 400 
g of dried forage or 100 g of seed, is described. 
Vegetative material is included as 20%, or seed 
as 5%, of a nutritionally complete, 12% protein 
(casein.
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Therefore, the objective of this study was to 
evaluate forage characteristics of different 
genotypes of sunn hemp harvested at different 
physiological stages. 

Materials and methods 
The experiment was conducted at the University 
of Florida Range Cattle Research and Education 
Center, Ona, FL, USA (27°23 18”N lat; 
81°56’38”W long) from April to November 2016 
and 2017.

The soil in the study area was a Smyrna sand (sandy, 
siliceous, hyperthermic Aeric Alaquods), Before 
the initiation of the study, soil pH (in water) was 
6.5 and Mehlich-3 P, K, Mg, and Ca concentrations 
in the surface horizon (0–15-cm depth) were 49, 
24, 116, and 1151 mg kg-1 respectively. 

Treatments were a factorial arrangement of four 
sunn hemp genotypes (AU Golden, Crescent 
Sunn, Ubon, and Blue Leaf) and two harvesting 
times (60 d after seeding or flowering) distributed 
in a randomized complete block design with 4 
replicates.  As some sunn hemp entries may not 
flower, the harvested for these genotypes occurred 
at the end of the growing season. Plots were 5 × 5 
m with 2 m between plots. Sunn hemp was seeded 
in a prepared seedbed with a no-till drill (Pasture 
Pleaser, Agco-Tye, Batavia, IL) with a seeding rate 
of 16 kg ha-1 in April 2016 and 2017. Plots were 
fertilized with 30 kg ha-1 of N, 13.2 kg ha-1 of P 
and 25 kg ha-1 of K two weeks after germination. 

An area of 2 × 2 m was harvested at ground level 
in the center of the plot and used to calculate 
HA. A subsample was dried at 60°C for 48 h and 
ground to pass a 1 mm screen in a Wiley mill 
(Udy Corporation, Fort Collins, CO) and used for 
nutritive value analysis. Samples were analyzed 
for N concentration using a micro-Kjeldahl 
method, a modification of the aluminum block 
digestion technique described by Gallaher et al, 
(1975)whether it be a university, a government 
agency, or a medical or industrial facility, that 
conducts research on and is concerned with 
the elemental analysis of biological material 
has a need for equipment to ash or acid-digest 
samples. Often funds are not available with 
which to purchase commercial equipment and 
the researcher is required to be innovative and to 
design and engineer his own. Because of the lack 
of research funds and a need for soil and plant 
analysis equipment, this study was made to design 
and construct a large capacity, electrically-heated 

and thermostatically-controlled aluminum block 
digester for plant and soil samples. A drawing 
was prepared giving dimensions needed for shop-
work to be performed. A block of aluminum 10.2 
cm (4 inches.  Crude protein was determined by 
multiplying nitrogen (N) concentration by 6.25. 
The IVDOM was determined using the two-stage 
technique described by Tilley and Terry (1963) 
and modified by Moore and Mott (1974). 

Twelve Angus × Brahman crossbred heifers 
[(Bos. spp.); 388 ± 27 kg bodyweight (BW)] 
were allocated to individual pens (5 × 3 m) for 
voluntary DM intake and in vivo DM digestibility 
for a 17-d evaluation period. Treatments were 
proportions of sunn hemp and bermudagrass 
hay fed to beef heifers. Treatments consisted 
of 100% bermudagrass, 50% sunn hemp - 50% 
bermudagrass, and 100% sunn hemp, distributed 
in a complete randomized design with four 
replicates. 

The data were analyzed using PROC MIXED of 
SAS (SAS Institute Inc, 2006). Response variables 
were HA, CP, and IVDOM. Genotype and harvest 
time were considered fixed effects. Block and year, 
and their interactions, were considered random 
effects. Treatments were considered different 
when p<0.05. Interactions not discussed were not 
significant (p>0.05). Data are reported as least 
squares means and were compared using PDIFF 
(SAS Institute Inc, 2006). 

Results
There was a genotype × harvesting time interaction 
on HA. The interaction occurred because all 
genotypes harvested at flowering had greater 
HA than 60 d, but Crescent Sunn and Blue Leaf 
increased at a greater magnitude. Crescent Sunn 
had the greatest HA at 60 d (3.3 Mg ha-1) and 
flowering (15.0 Mg ha-1). AU Golden and Ubon 
had similar HA (mean = 1.9 Mg ha-1) and Blue Leaf 
had the least HA (1.5 Mg ha-1) when harvested at 
60 d. When harvested at flowering, Blue Leaf and 
Crescent Sunn had the greatest HA (mean = 15.0 
Mg ha-1), followed by Ubon (5.0 Mg ha-1) and AU 
Golden (3.9 Mg ha-1). In 2016, Crescent Sunn and 
Blue Leaf did not flower and were harvested at the 
end of the growing season. In 2017, Crescent Sunn 
and Blue Leaf were harvest in late September, 
without flowering, due to hurricane Irma. Crescent 
Sunn and Blue Leaf had the greatest time between 
seeding and flowering or termination of the 
growing season (mean = 166 d); while Ubon and 
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AU Golden flowered at similar times (mean = 87 
d). 

There was a genotype × harvesting time interaction 
for CP and IVDOM. The CP interaction occurred 
because AU Golden (160 g kg-1) and Crescent Sunn 
(115 g kg-1) did not decrease CP concentration 
from 60 d to flowering; however, Ubon and Blue 
Leaf had greater CP concentration at 60 d than 
flowering (from 140 to 120 g kg-1, from 130 to 
110 g kg-1, for Ubon and Blue Leaf, respectively). 
AU Golden had the greatest CP concentration at 
both harvest times. Crescent Sunn had the least CP 
concentration at 60 d (110 g kg-1) but there was 
no difference among Blue Leaf, Ubon, and AU 
Golden at flowering (mean = 117 g kg-1).

The IVDOM was greater for AU Golden (580 g 
kg-1) and Crescent Sunn (600 g kg-1) at 60 d and 
did not differ among the other genotypes (mean = 
530 g kg-1). However, AU Golden and Ubon had 
the greatest IVDOM at flowering (mean = 540 
g kg-1), while Blue Leaf and Crescent Sunn had 
lesser IVDOM (mean = 430 g kg-1). AU Golden 
and Ubon maintained the IVDOM from 60 d to 
flowering and there was a decrease in Crescent 
Sunn (from 600 to 430 g kg-1) and Blue Leaf (from 
530 to 410 g kg-1).

Heifers receiving 100% bermudagrass had greater 
forage DM intake than 100% sunn hemp (1.6 vs. 
1.2% BW). Additionally, the intake of 50% sunn 
hemp – 50% bermudagrass treatment did not 
differ from those with 100% inclusion. Heifers 
consuming 100% sunn hemp had lesser in vivo 
digestibility than those consuming 50% sunn hemp 
– 50% bermudagrass and 100% bermudagrass 
(480 vs. 520 g kg-1). 

Discussion
Crescent Sunn and Blue Leaf had the greatest HA 
at the end of the growing season likely because 
they did not flower during the experimental 
period. However, the long period decreased the 
nutritive value, possibly by the deposition of 
structural tissues with greater height of the plant 
(Mosjidis and Wang 2011). Harvesting sunn hemp 
at 60 d after seeding decreased HA but resulted in 
forage with greater nutritive value. Schomberg et 
al., (2007)but would help producers manage sunn 
hemp between summer and winter cash crops. We 
determined sunn hemp biomass and N content 
at 30, 60, 90, and 120 days after planting (DAP, 

evaluated HA of sunn hemp in two locations in 
Georgia (United States), harvesting at 30, 60, 90 
and 120 d after seeding and observed a location x 
harvesting time interaction and the HA at 60 and 
120 d after seeding was 4,800 vs. 11,000 kg DM 
ha-1. 

The decrease in CP happened likely due to increase 
in cell wall concentration and dilution of CP in 
the greater HA (Juarez-Hernandez and Bolaños-
Aguilar 2007). An exception was the AU Golden 
genotype and it is hypothesized that AU Golden 
may have a greater leaf:stem ratio that may have 
caused the greater CP at longer maturity (Mosjidis 
et al., 2013). This hypothesis may be supported 
to the greater IVDOM of AU Golden at 60 d and 
flowering. The Ubon and AU Golden did not 
decrease IVDOM from 60 d to flowering; however, 
they flowered shortly after the 60 d and have a 
limited increase in HA. Conversely, Blue Leaf and 
Crescent Sunn had significant increase in HA due 
to the longer growth period with decrease in CP 
and IVDOM. The decrease in CP concentration 
with greater maturity was observed by Lepcha et 
al., (2019), which observed a decrease from 131 to 
178 and from 106 to 117 g kg-1 N at 35 and 55 d of 
maturity respectively. 

Cattle receiving the 100% sunn hemp diet had 
lesser digestibility that likely decreased the forage 
DM intake. Consequently, greater in vivo DM 
digestibility of the diet with 50% sunn hemp 
– 50% bermudagrass or 100% bermudagrass 
may have led to greater intake. It is important to 
mention that the sunn hemp and bermudagrass had 
similar IVTD and the reason for the differences in 
the in vivo DM digestibility is unknown. It may 
be hypothesized that negligible concentrations 
of alkaloids in the sunn hemp leaves may have 
affected the in vivo DM digestibility or forage DM 
intake.

In conclusion, the relatively early flowering 
characteristics of Ubon and AU Golden may be a 
desirable trait due to superior nutritive value and 
potential seed production, which decreases the 
cost of seed in the USA. Conversely, genotypes 
that did not flower has greater potential to produce 
greater HA with limited nutritive value.
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Abstract
An array of technologies; growing improved wheat varieties, bulking and collective marketing of 
wheat grains, sheep breed improvement, ram sharing, feedlot sheep fattening for market, strategic 
sheep deworming, pasture establishment and conservation practices; were introduced to members of a 
community based organization (CBO) in Nturumenti, anti-female genital mutilation and anti-poverty 
organization (AFAPO) in 2014. The CBO members, composed of youthful 19 men and 7 females, were 
intensively exposed and involved in the new skills both theoretically and practically in the farmers’ field 
school model. Even though the 8 farming technology options were suitable for the study environment, 
their adoption and diffusion varied. However, one of the introduced ideas, bulking and collective 
marketing of wheat grains, was not attempted for application by the farmers. Instead, the farmers felt 
that individual marketing of wheat grains immediately after harvesting was convenient and a quick 
way of recouping the invested funds particularly for the resource poor farmers in Nturumenti. In 2019, 
a follow-up study, conducted approximately 5 years after the exposure to determine the adoption and 
technology diffusion rate, it was observed that close to 80% of the agro-pastoral farming CBO members 
adopted more of the technologies associated with pasture establishment, production and conservation 
albeit the fact that they were lowly ranked in terms of awareness, at 13.3% for pasture establishment, 
synonymous to reseeding, and 16.7% for harvesting and conservation of cereal crop residues referred 
to as feeding of wheat straw during the ex-ante study. Indeed, the adopted ideas were practiced at 
commercial level and even diffused to non-CBO members. The findings indicate that even though, field 
demonstration exposed the farmers to a wide “menu” of technology options, the farmers, starting with 
the early innovators, adopted the technologies that mostly suited their needs and guaranteed to improve 
their livelihoods; and others farmers ‘imitated’ them. 

Introduction
Technology dissemination, diffusion and adoption 
is a complex process. A number of factors, some 
based on the particular technology aspect (Comin 
and Mestieri 2013) and also intrinsic factors of 
the adopters (Bandiera and Rasul 2010; Gudrun 
Dahl 1987), affect the adoption plane. The phase 
of agricultural technology adoption in developing 
regions is even more intricate since societal 
factors also come to play (Bandiera and Rasul 
2006). A cross-sectional study of 23 randomly 
sampled famers from an area where 8 different 

technologies were promoted by a project funded 
by International Centre for Agricultural Research 
in Dry Areas (ICARDA) was conducted in 2019, 
approximately four years after end of the project. 
The aim of the study was to determine the level of 
adoption of three technologies, two of which were 
promoted by the project (pasture establishment 
and conservation; rearing of Dorper sheep) and 
one which was not (rearing of improved dairy 
cattle) but that was expected to be triggered by the 
presence of good pasture material emanating from 

mailto:Paulkatiku2012@gmail.com
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the establishment and promotion of conserved 
forage. 

Objective
The objective of the current study was to determine 
the adoption and rate of technology diffusion of 
pasture and livestock husbandry practices among 
an agropastoral farming community in a Kenyan 
arid and semi-arid land (ASAL).

Materials and methods 
A data capture tool was designed for the cross-
sectional study which was filled during farm 
excursions to the randomly selected respondents. 

Among other parameters, data was recorded on 
name, age category and gender of the farmer, 
years involved in farming, agricultural farming 
technologies applied in the farm, where technology 
was sourced, type and breed of livestock reared in 
the farm and whether the farmer had participated 
in the ICARDA project and or if was a member of 
the AFAPO – CBO.

Results
The randomly sampled farmers (Table 1) consisted 
of, 9 (39%) farmers who participated in the project 
(contact farmers) and 14, (61%) farmers who did 
not participate (non-contact farmers). 

Table 1: CBO membership status of farmers interviewed
Frequency Percent Valid Percent Cumulative Percent

Valid
Member 9 39.1 39.1 39.1
Non-member 14 60.9 60.9 100.0
Total 23 100.0 100.0

In terms of gender (Table 2), out of the 23 farmers interviewed, five (22%) were female and males were 
18 (78%).
Adoption of pasture, Dorper sheep and dairy 
cow rearing technologies

Overall, the adoption rate of the two technologies 
disseminated; pasture production and rearing of 
Dorper sheep, varied between the technologies 
and across the two categories; members and non-
members with the level of pasture technology 
adoption being the least 48% and sheep rearing 
being the highest, 91% (Table 2). However, when 
segregated into member and non-member status, 

it was observed that contact farmers had more 
adoption rate (56%) compared to non-members 
(43%). However, dependence test showed that 
the differences were not statistically significant 
(p=0.552). 

Table 2: Adoption rate of pasture, Dorper sheep 
and dairy cow technologies 

Farmer status Type of technology adopted (%)
Pasture Dorper sheep Dairy cow

Member (N=9) 55.6 88.9 77.8
Non-Member (N=14) 42.9 92.9 28.6
Mean (N=23) 47.8 91.3 47.8

The pasture production technology was further 
classified into two; up to 5 acres and above 5 acres 
(Table 3) planted. Overall, most of the respondents 
26% had up to 5 acres of their land parcels on 
pastures. Those who had more than 5 acres of 
their land on pastures were 22%. However, the 

adoption rate varied between the members and 
non-members and was 33% and 21% respectively 
for those having up to 5 acres on pasture. Similarly, 
adoption was higher, 22%, for members and 21% 
for those having pastures on more than 5acres of 
land portion.
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Table 3: Proportion of land under pasture production in Nturumenti. 

Farmer type Acre of land under pasture (%)
none 1 - 5 Above 5

Member (N=9) 44.4 33.3 22.2
Non-member (N=14) 57.1 21.4 21.4
Mean  (N=23) 52.2 26.1 21.7

Majority of farmers (52%) did not have land 
under pasture especially for farmers who were 
not members of the CBO (57%). Those with land 
under pasture ranging one to five acres were 26% 
(Table 4). Although more of contact farmers, 
(33%) had more land on pasture than the non-
contact (21%), the differences was not significant 
(p=0791). The technology of pasture production 
was being adopted by farmers with bigger parcels 
of land.

In Dorper sheep technology, non-contact farmers 
had slightly more adoption rate (93%) than 
members (89%). Overall and across the study area, 

grade dairy cow rearing technology adoption rate 
was 48% (Table 3). However, a big disparity in 
adoption rate between members (78%) and non-
members 29%) was observed, an indication that 
adoption rate depended on farmer status (χ2=5.316, 
p=0.021). In contrast, dairy cow rearing technology 
adoption rate was low, 48% (Table 4) but which 
also showed variation between the member and 
non-member status, 78% and 29% respectively. 
The dairy cows, averagely 2 cows per farmer, were 
reared by CBO members on approximately 4 acres 
of land as opposed to the Dorper sheep, 16 heads, 
on the same parcel (Table 5)

Tables 4: Rate of technologies adoption for CBO and non-CBO members in Nturumenti

Farmer status Acre pasture Dorper sheep Dairy cows
Project member (N=9) 3.9 (6.49) 15.8 (9.47) 1.7 (1.58)
Non-project member 2.8 (4.42) 13.6 (6.83) 0.6 (1.09)
Mean (23) 3.2 (5.21) 14.5 (7.83) 1.0 (1.38)

Flock sizes of Dorper sheep reared by either contact or non-contact farmers. 

Higher percentage of contact farmers (33%) had more than 20 Dorper sheep per household compared 
to non-members with only 21% who had more than 20 herd per household (Table 5). Most of the non 
–contact farmers had flocks of up to 19 sheep. However, dependence test showed that this differences 
was not significant (p=0.537). 

Table 5: Proportion of farmers belonging to CBO or not rearing Dorper sheep

Farmer type Number of Dorper sheep (%)
Less than 10 10 – 19 20 - 29

Member (N=9) 33.3 33.3 33.3
Non-member (N=14) 21.4 57.1 21.4
Mean  (N=23) 26.1 47.8 26.1

Size of dairy cow herd reared by either contact or non-contact of farmers

Largely, CBO members owned more cows than the non-members. The proportion of non-CBO member 
farmers (71%) did not own dairy cow as compared to farmers (22%) who participated in the project 
(Table 6). Majority of famers (56%) who were exposed to the technology owned between one and two 
dairy cows (Table 6). Dependence test showed that there was high correlation between exposure to 
technology and owning a dairy a dairy cow (χ2=5.807, p=0.055).
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Table 6: Proportion of farmers belonging to CBO or not rearing Dairy cows

Farmer type Number of Dairy cow Number (%)
none 1 – 2 3- 5

Member (N=9) 22.2 55.6 22.2
Non-member (N=14) 71.4 14.4 14.3
Mean  (N=23) 52.2 30.4 17.4

There was high significant positive correlation 
(p=0.017) between area under pasture and number 
of dairy cows per household. Households with 
larger area under pasture had more dairy cows 
meaning that the availability of plenty of pastures 
encouraged the rearing of grade cows. However, 
the correlation between area under pasture and 
flocks of Dorper sheep was not significant. There 
was some mild positive correlation between the 
number of Dorper and the number of dairy cow 
per household (p=0.246) meaning that farmers 
who were successful in rearing of sheep, were 
diversifying by rearing large ruminants, high 
yielding dairy cows.

Discussion
Overall, the adoption rate of the two technologies 
disseminated; pasture production and rearing of 
Dorper sheep, varied between the technologies 
and across the two categories; members and non-
members with the level of pasture technology 
adoption being the least 48% and sheep rearing 
being the highest, 91%. But when segregated into 
member and non-member status, the diffusion 
rate was high among the contact farmers (56%) 
as compared to the non-members (43%). Among 
the agropastoral community in the study, sheep is 
treated as petty cash and a must have (Wahome 
2018; Konig et al., 2016; Katiku et al., 2013) 
because of its many uses; cultural and economic. 
Among the Maasai community, sheep are reared 
for meat but also play a role of providing milk for 
domestic consumption (Wahome 2018; Benkhe 
and Muthami 2011). Comparatively, Dorper sheep 
yields more milk than the Red Maasai sheep 
explaining their higher rate of adoption (Konig 
et al., 2016). Farmers were adopting dairy cows 
in order to increase and diversify the sources of 
milk for initial home consumption and the surplus 
for sale (Quinlan et al., 2016; Gudrun dahl 1987). 
However, in terms of ranking for milk production 
and other benefits, the small stock is ranked 
behind cattle (Kosgey et al., 2008) meaning that 
if conditions were favourable particularly pasture 
availability, dairy cows would be reared. 

The initial adopters of pasture and Dorper sheep 
were officials of the CBO. They similarly had 
bigger flocks of sheep and bigger parcels of land. It 
is these members of the community that influenced 
the diffusion of the technologies because of their 
position in the community i.e. they are respected 
because of their positions of responsibility and 
leadership. Similar observations are reported by 
Sinja et al., (2004). The team while working with 
farmers in Northern part of Zimbabwe, found out 
that farmers’ decisions to adopt a new crop was 
influenced by their social hierarchy and networks. 

Size of pasture land, Dorper sheep and dairy 
cattle rearing 

On average, farmers who participated in the 
project had each 2 hectares (four acres) of land 
under pasture. They were also keeping on average 
16 Dorper sheep and two dairy cows. The figures 
for non-members were slightly lower, one hectare 
(3 acres) of land and 14 head of Dorper sheep and 
one head of cow (Table3) meaning that they were 
still in the process of adopting the technology from 
their neighbouring farmers. It’s reported that a 
farmer will imitate a neighbour’s behaviour when 
the neighbour is successful especially in cases 
where the farmer has little experience of his own 
(Conley and Udry 2010). Related to the extent 
of adoption is the cost of the technology, level of 
interactions among the farmers and the level of 
knowledge and specifically the extent of ‘learn 
on the job’ type of exposure (Comin and Mestieri 
2013). The contact farmers, CBO members, 
immensely benefited from this kind of learning 
through the innovation platform conducted during 
the dissemination of the two technologies, pasture 
establishment and sheep rearing.

There was no female headed households practicing 
pasture production. Male headed households had 
on average at least four acres of pasture with a herd 
of 15 Dorper sheep and one dairy cow as compared 
to female headed households who on average had 
13 Dorper sheep and rarely one dairy cow. These 
results agree with the reported norm (Miriti et 
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al., 2019) that in most ASAL communities, and 
more so for the Maasai community who are also 
more patriarchal, most resource, land and animals, 
belong to the male gender.

 Conclusion
It is concluded that when dealing with smallholder 
pasture and livestock technologies farmers, it is 
helpful for the disseminators to provide sufficient 
information on the idea and to initially target the 
more influential members of the community since 
they are trusted by the rest of the community. Other 

members of the community will eventually adopt 
practices that they observe being implemented 
by people in their locality and are in positions of 
leadership in the society.
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Abstract
Available empirical and mechanistic models to estimate total dry matter intake (DMI) and pasture dry 
matter intake (PDMI) of grazing lactating dairy cows have mainly been developed under intensive 
grazing conditions. The objective was to evaluate the adequacy of such existent models for use under 
semi-extensive grazing conditions, characterised by semi-natural grassland and less intensive resource 
use. Feed intake of lactating cows was measured on three commercial organic dairy farms in South 
Germany during one or two 6-d-periods/farm in 2019. Each period, DMI was determined in 10 or 20 
cows per farm from their daily faecal output measured using titanium dioxide as marker and the apparent 
total tract digestibility of ingested organic matter derived from faecal crude protein concentration. 
PDMI was then calculated by subtracting weighed DMI of supplement feeds from total DMI. Further, 
individual milk yield and body weight were recorded, and samples of milk, pasture forage, supplement 
feed, and faeces were taken. For further analysis, means of observed values per farm and period (n = 
7) were used, resulting in a diverse dataset of grazing systems differing in supplement feeding, daily 
pasture allocation, cow breed, and PDMI. Two semi-mechanistic PDMI models and six empirical and 
two semi-mechanistic models to predict total DMI were evaluated by their Mean Squared Error of 
Prediction, Relative Prediction Error (RPE) and Concordance Correlation Coefficient. One PDMI 
model produced acceptable (RPE < 20% of mean observed PDMI), and four total DMI models yielded 
satisfactory (RPE < 10%) prediction accuracy, however yet at a moderate precision (greatest Pearson 
correlation coefficient = 0.73). To further specify the grazing conditions under which the models reach 
both, satisfactory precision and accuracy, and due to the low number of observations, data of the present 
study will be complemented with data gathered on more farms in Southwest Germany in 2020.

Introduction
Reliable estimates of feed intake are a key factor 
within ruminant research and farming practices. 
In a grazing context, however, quantifying actual 
pasture dry matter intake (PDMI) of cows is 
particularly challenging. Thus, several estimation 
methods have been established. Quantifying the 
biomass removal from paddocks allows only 
for rough estimates on herd and paddock level, 
whereas using external and internal markers to 
quantify total faecal output and diet digestibility in 
order to estimate total feed intake of cows is labour- 
and cost-intensive. Alternatively, mathematical 
models have been developed to predict feed intake 
of cows from animal, feed, and management 
characteristics. These models can be applied in 
research, but also as integral part of decision-
support tools in grazing and feeding management 

(Tedeschi et al., 2019). Since these models were 
predominantly developed and validated under 
or for intensive grazing conditions, the question 
arises whether these models can also adequately 
predict PDMI of cows in semi-extensive grazing-
based production systems, such as organic farming 
systems where semi-natural, permanent grassland 
is used. It was, thus, hypothesised that existing 
models are not able to adequately predict the 
PDMI of grazing dairy cows under semi-extensive 
production conditions, due to differences in cattle 
breed, animal performance and feed intake level, 
pasture herbage availability, botanical composition 
of the pasture vegetation, and the type and intensity 
of supplement feeding. Therefore, the objective of 
the present study was to evaluate the adequacy 
of existing models for estimating PDMI and 
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total DMI of lactating dairy cows grazing under 
semi-extensive production conditions, using data 
gathered on organic dairy farms with semi-natural, 
permanent pastures.

Materials and methods 
Model selection

A literature research was conducted to identify 
existing models to predict PDMI and total DMI 
of cows.  Two semi-mechanistic models to predict 
PDMI (GrazeSim: Vazquez and Smith 2001; 
e-cow: Baudracco et al., 2012), as well as six 
empirical (AFRC: Vadiveloo and Holmes 1979; 
Cornell: Fox et al., 1992; De Souza: de Souza 
et al., 2019; Gruber: DLG 2006; NRC: NRC 
2001; Sauvant: Sauvant et al., 2014) and two 
semi-mechanistic models to predict total DMI 
(Conrad: Conrad et al., 1964; Mertens I: Mertens 
et al., 1987) were selected. It was further tested, if 
applying a greater intake capacity to the Mertens’ 
model improves its modelling adequacy (Mertens 
II: with an intake capacity of 1.65% instead 1.30% 
x bodyweight), because a higher intake capacity 
was observed by Vazquez and Smith (2001) with 
animals offered a high pasture allowance and 
forage supplementation. For the models GrazeSim, 
e-cow, Mertens I and Mertens II, the German 
animal nutrition system was used to determine 
metabolisable energy requirements (GfE 2001).

Data collection and dataset

From May to September 2019, experiments were 
conducted on three commercial organic farms in 
South Germany. Farms were visited once (farm 1) 
or twice (farm 2 and 3), to cover early and late 
summer grazing conditions. In each period on farm 
2, two different supplementation treatments were 
tested. Per farm or treatment, 10 lactating dairy 
cows were sampled. They had between 8 to 20 h/d 
of access to species-rich, semi-natural pastures. 
Upon visual inspection of the aboveground 
biomass, the pasture swards comprised on average 
(± standard deviation) 49 (± 22) % grasses, 24 (± 
19) % clover, and 28 (± 20) % herbs other than 
clover across all farms and the whole grazing 
season. Cows were supplemented with grass 
silage, grass hay, cut fresh clover-grass mixture, 
and/or concentrate feeds. Individual animal were 
noted per period. During five days of adaptation 
and six days of sampling, cows daily received 26 
g titanium dioxide (TiO2) in two equal dosages in 
early summer and 28 g TiO2 in late summer. During 
sampling periods, faecal grab samples were taken 

from the cow’s rectum daily. Samples of offered 
and refused feed were taken daily, and intake of 
supplemented feed by the entire herd or treatment 
group (farm 2) was measured by weighing total 
offered feed and refusals. Once per experimental 
period, pasture vegetation on grazed paddocks 
were sampled. The aboveground herbage mass 
was estimated by manual harvest in three 1-m2-
plots per paddock. Faecal samples were analysed 
for crude protein (CP), organic matter (OM), and 
TiO2. Feed samples were analysed for dry matter 
(DM), OM, CP, neutral detergent fibre (NDF), acid 
detergent fibre (ADF), and metabolisable energy 
(ME). Milk yield was measured and samples taken 
daily, alternating between morning or evening 
milking, and analysed for fat and protein. Body 
weight of cows was estimated once per period 
with a calibrated measuring tape. Total organic 
matter intake (OMI) was calculated from daily 
faecal excretion and apparent total tract OM 
digestibility (DOM) of ingested feed. Daily faecal 
OM output was determined from dosage and 
faecal concentration of TiO2 assuming a recovery 
in faeces of 100% (Glindemann et al., 2009), while 
DOM was estimated from faecal CP concentration 
(Lukas et al., 2005). Mean OMI on pasture (kg/
animal and d) per farm, period and treatment was 
derived as difference between mean OMI and herd 
supplement OMI. Total DMI and PDMI were then 
calculated using the mean OM concentration of 
the ingested diet or pasture herbage, respectively.

Statistical analysis

The models were used to estimate DMI and PDMI 
on individual-cow basis. For model evaluation, the 
mean predicted DMI and PDMI per farm, period 
and treatment (n = 7) were compared against mean 
observed DMI and PDMI. The Mean Squared Error 
of Prediction (MSEP) and Relative Prediction 
Error (RPE) were used to evaluate the accuracy 
of the models. The RPE was classified according 
to Fuentes-Pila et al., (1996), who assumed that 
the prediction accuracy is ‘satisfactory’ with an 
RPE < 10%, ‘acceptable’ between 10% and 20%, 
and ‘not acceptable’ with an RPE > 20%. The 
MSEP was further partitioned to evaluate whether 
deviations from the observed values were related 
to systematic errors in the models, i.e. prediction 
bias and line bias, or to random errors caused 
by variation in the observed data, i.e. random 
error (Fuentes-Pila et al., 1996). Additionally, 
the Concordance Correlation Coefficient (CCC) 
was used to evaluate model adequacy on a scale 
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from 0 to 1, where 1 signifies perfect concordance 
between observed and predicted values. The CCC 
is a product of the Pearson correlation coefficient 
(r) and bias correction factor (cb), which assess 
precision and accuracy, respectively (Tedeschi 
2006).

Results
The data set covered different grazing management 
systems (n = 7), seasons (early and late summer), 
types and intensities of supplement feeds offered, 
and herbage availabilities on pastures. Animals 
differed in breeds (Simmental, Brown Swiss, and 
German Holstein), days in milk (126–185d), and 
parity (3–5). Their mean (± standard deviation) 
observed PDMI and DMI was 13.0 (± 3.5) and 19.2 
(± 1.6) kg DM/d and they produced on average 
21.4 (± 2.7) kg milk/d with mean concentrations 
of fat and protein of 3.8 (± 0.20) and 3.2 (± 0.21) 
g/100 g milk, respectively. Daily supplementation 
ranged from 0.5 to 10.8 kg DM.

Among the two PDMI models, only e-cow yielded 
an acceptable RPE (17.4%) and a high CCC 
(0.65), with high prediction precision (r = 0.65) 
and accuracy (cb = 0.90) (Table 1). The RPE of 
GrazeSim (25.3%) was not satisfactory. Its CCC 
(0.46), however, implied a moderate prediction 
adequacy, which was mainly attributed to its 
high cb (0.99; i.e. high accuracy). All models to 
predict total DMI except the AFRC model yielded 
acceptable predictions (RPE < 20%).  A satisfactory 
prediction accuracy was achieved by the models 
Gruber, Cornell, Mertens I, and Mertens II with a 
RPE < 10% and a mean bias of 0.3–1.0 kg DM/d, 
indicating a general overprediction of DMI. The 
most adequate model to predict total DMI was 
Mertens II, as it yielded the lowest RPE (6.8%) 
and greatest CCC (0.58) among the nine tested 
DMI models. The greatest proportion of MSPE for 
model Mertens II (89.6%) constitutes the random 
variation in the observed data.

Table 1: Statistical evaluation of empirical and semi-mechanistic models to predict total daily dry 
matter intake (DMI) and of semi-mechanistic models to predict pasture dry matter intake (PDMI) of 
lactating dairy cows grazing on semi-natural, permanent grassland

Partitioning of MSEP, %  

MB,  
kg 

DM/d 4

MSEP 
5

Predic-
tion bias

Line 
bias

Random 
error

RPE, 
% 6

CCC 
7

r 8 Cb 
9

Empirical models to predict DMI 1

AFRC 4.6 22.9 91.4 0.4 8.1 25.0 0.07 0.48 0.15
Cornell 0.7 2.1 23.8 0.0 76.2 7.6 0.43 0.57 0.77
De Souza -0.6 8.9   3.7 71.6 24.7 15.5 -0.28 -0.30 0.92
Gruber 0.9 2.9 25.7 5.0 69.3 8.8 0.33 0.42 0.78
NRC -0.7 4.4 11.5 35.1 53.4 11.0 0.12 0.14 0.91
Sauvant 1.6 7.3 33.9 37.2 28.9 14.1 0.26 0.35 0.73

Semi-mechanistic models to predict DMI 2 

Conrads -1.9 5.9 58.9 20.7 20.4 12.6 0.48 0.71 0.67
Mertens I 1.0 2.7 36.8 6.5 56.6 8.6 0.50 0.60 0.82
Mertens II 0.3 1.7 4.8 5.7 89.6 6.8 0.58 0.60 0.96

Semi-mechanistic models to predict PDMI 3

GrazeSim 0.4 10.8 1.8 20.9 77.3 25.3 0.46 0.46 0.99
e-cow -0.1 5.1 0.3 2.1 97.6 17.4 0.65 0.73 0.90

1AFRC (Vadiveloo and Holmes 1979), Cornell (Fox et al., 1992), De Souza (De Souza et al., 2019), Gruber (DLG 2006), NRC 
(NRC 2001), Sauvant (Sauvant et al., 2014)   2Conrad (Conrad et al., 1964), Mertens (Mertens et al., 1987, using metabolisable 
energy requirements according to GfE (2001))   3GrazeSim (Vazquez and Smith 2001, using metabolisable energy require-
ments according to GfE (2001)), e-cow (Baudracco et al., 2012, metabolisable energy requirements according to  GfE (2001))   
5CCC: Concordance correlation coefficient   4MB: Mean bias   5 MSEP: Mean squared error of prediction 6RPE: relative predic-
tion error, % of observed mean PDMI and DMI  7CCC: Concordance correlation coefficient 8r: Pearson correlation coefficient 
9Cb: bias correction factor
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Discussion 
It was hypothesised that existing empirical and 
mechanistic models were unable to adequately 
predict PDMI of lactating dairy cows under 
semi-extensive production conditions. A low 
concordance between observed PDMI and PDMI 
predicted by models developed under intensive 
production conditions was expected, as grazing 
under semi-extensive conditions was assumed 
to entail differences, e.g. in supplementation 
intensity and pasture herbage quality and mass 
offered. Results, in contrast, show that one model, 
i.e. e-cow, yielded acceptable predictions (RPE < 
20%) for the PDMI of lactating cows under semi-
extensive grazing conditions. The differences 
between observed and predicted values, however, 
ranged from -3.4 to 3.6 kg DM/d. Therefore, no 
satisfactory prediction accuracy was achieved by 
this model. One reason for the overestimation of 
PDMI by e-cow for some observations could be 
that the model primarily considers grazing systems 
where pasture allocation, i.e. daily pasture mass 
offered to the animal (kg DM), is not a limiting 
factor. This means, the model assumes that pasture 
allocation is equal or greater than the potential 
DMI of the cows; the potential DMI being an 
intermediate model variable of e-cow, estimated 
based on lactation stage, energy requirements 
and intake capacity. In the dataset used for the 
present study, however, this pre-requisite is not 
met for every observation. For these observations, 
e-cow predicted a PDMI, irrespective of 
supplementation, that was up to 60% greater than 
the observed pasture allocation. Further, e-cow 
contains empirical equations based on data where 
cows were grazing lucerne- or ryegrass-dominant 
swards, and which were supplemented with hay, 
silage or concentrate. Our dataset, however, 
mainly contained grazing systems where cows 
were grazing on clover- and herb-rich pastures, 
and were supplemented with freshly cut forage in 
barn.

Further, six models were tested for their ability to 
predict the total DMI of grazing lactating dairy 
cows. With exception of the AFRC model, RPE 
were low and similar to the RPE determined by 
Jensen et al., (2015) who evaluated five DMI 
models (among these, also NRC and Gruber) with 
a Scandinavian dataset of barn-fed dairy cows 
(n = 94 treatment means, RPE = 5–4%). Hence, 
the models were able to predict total DMI of 
grazing dairy cows with a similar accuracy as of 

barn-fed animals, which is another evidence for 
rejecting the hypothesis of this study. The greatest 
prediction adequacy (i.e., lowest RPE and highest 
CCC) was achieved by the Mertens II model, 
which was derived from the original Mertens I 
model by assuming a greater feed intake capacity 
of grazing cows as compared to barn-fed cows, for 
which the Mertens I model was developed. The 
Mertens II model had not only a greater CCC and 
a lower RPE than the Mertens I model, but also a 
substantially lower share of systematic error of the 
MSEP (10.5 vs. 43.3%), indicating that the model 
structure was improved by the modification. A high 
adequacy was actually expected of the predictions 
by the Gruber model, because it was developed 
based on data from German, Austrian, and Swiss 
stall-fed dairy cows. This model, however, relies 
on empirical equations, primarily based on the 
observed relation between DMI and the lactation 
stage of barn-fed dairy cows. Hence, the superior 
prediction adequacy of Mertens II is likely a 
result of its semi-mechanistic structure, which 
estimates total DMI based on the animal’s energy 
requirements and intake capacity, as well as the 
nutritional quality of offered feeds, including the 
pasture herbage.

Contrary to the hypothesis, several models were 
identified that predicted PDMI with an acceptable, 
and total DMI with a satisfactory prediction 
accuracy. Among all tested models, however, 
precision was yet low (greatest r = 0.73) indicating 
that the models were unable to adequately predict 
the DMI for all grazing systems observed in this 
study. Considering the great variability between the 
observed farms and the low number of observations 
(n = 7), this highlights the need to further specify 
the conditions under which the models yield both, 
a high precision and accuracy. The present dataset 
will therefore be complemented with data gathered 
from more farms in Southwest Germany in 2020.
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Abstract
On pseudogamy process, pollen fertility affects endosperm development in Brachiaria apomictic hybrids. 
Also, it was well-known that self-incompatibility could affect the fertilization in cross pollination species. 
Evaluation of pollen viability and percentage of filled seed, and the demonstration of pollen induction 
technique for increasing filled seed percentage in Brachiaria spp. are presented in this paper. In the first 
experiment, 8 cultivars/breeding lines of Brachiaria, including 2 open-pollinated cultivars, an apomictic 
cultivar and 5 hybrids, were planted in randomized completely block design, with 3 replications at 
northeast Thailand. Each experimental unit consisted of 20 plants, 6 central plants were evaluated. 
Four anthers of each plot were collected, and pollen cells were stained by iodine-potassium iodide. The 
specimens were investigated under microscope, with stained cell was classified as viable pollen, whereas 
non-stained cell was non-viable one. Percentages of filled seed were determined by hand counting 
method. It was found that both traits showed variation significantly), however, there was no correlation 
between them. In the second experiment, a hybrid (tetraploid B. ruziziensis × B. decumbens) was planted 
with other genotypes in crossing cage, with 4 replications of completely randomized design. Because of 
the failure of inflorescence development in hybrid in some cages, hence, analysis of variance could not 
be performed. However, the data showed evidence that growing hybrid with tetraploid ruzigrass could 
improve filled seed percentage of hybrid. 

Introduction
Brachiaria species is one of major tropical forage 
crops. Thank to the success of interspecific 
hybridization, novel excellent apomictic hybrid 
cultivars have been released (Miles et al., 2004). 
However, the proper seed development in these 
hybrids is not satisfied for commercial seed 
production. Pollination is required, whether 
seeds develop sexually or apomictically (do Valle 
and Savidan 1996). On pseudogamy process, 
pollen fertility affects endosperm development 
in apomictic hybrids (Mendes-Bonato et al., 
2004). Moreover, we have assumption that self-
incompatibility, which is the common phenomenon 
in cross pollination species, could also prohibit 
the fertilization between sperm and polar nuclei. 
In this study, we demonstrated pollen induction 
technique for increasing filled seed percentage, 
complete seed development, in Brachiaria hybrid. 

Materials and methods 
Two experiments were conducted at 

Nakhonratchasima Animal Research and 
Development Centre, Thailand in 2019.

Experiment 1: Evaluation on pollen viability and 
filled seed percentage 

Ten cultivars/lines of Brachiaria (Table1) were 
evaluated in randomized complete block design 
with 3 replications. One genotype of individual 
cultivar/line was clonal replicated, except 
individual cultivar of  B. ruziziensis that consisted 
of 20 genotypes. Each experimental unit consisted 
of 20 plants, 6 central plants were evaluated. Four 
anthers of each plot were collected, and pollen 
cells were stained by iodine-potassium iodide. The 
specimens were investigated under microscope, 
with stained cell was classified as viable pollen, 
whereas non-stained cell was non-viable one. 
Percentages of filled seed were determined by 
hand counting method.

Experiment 2: Effect of alien pollen on filled seed 
percentage
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The experiment consisted of 4 treatments with 4 
replications. Each experimental unit consisted of 
the promising hybrid (tetraploid B. ruziziensis× B. 
decumbens) planted with 4 surrounded plants in  
crossing cage. The surrounded genotypes included 
diploid ‘Kennedy’, tetraploid ‘Okinawa’, tetraploid 
‘Pakchong’, and the hybrid itself (control). Six 
weeks after the anthesis, all surrounded plants 
were cut out, and seeds of each central plant was 
harvested individual by hand shaking. Filled seed 
and non-filled seed was classified by conventional 
method with hand, and percentages of filled seed 
were also determined by hand counting method.

Results
Experiment1 :

It was found that both pollen viability and filled 
seed percentage showed variation significantly 
(P=0.0405 and P=0.004 respectively), however, 
there was no correlation between them. The range 
of pollen viability was    10-70 %, with above 50% 
in 3 hybrids (Table 1), while that of filled seed 
percentage was 5-32 (Table 2).

Table 1: Pollen viability of Brachiaria species.

Genotypes Pollen viability (%)
Hybrid 'OB6'      70 A
 'Kennedy'     59 AB
Hybrid 'OB2'         57 AB
Hybrid 'OB4'        56 AB
  'Basilisk'    30 BC
Hybrid 'BR203'      28 BC
 'Okinawa-1'    25 BC
 'Mulato-2'  10 C

Means with the same letter are not significantly 
different at P<0.05 by Tukey HSD test.

Table 2: Pollen viability of Brachiaria species.

Genotypes Filled seed (%)
Hybrid 'Mulato-2' 32 A
 'Kennedy'    24 AB
Hybrid 'OB4'        22 AB
 'Okinawa-1'   20 AB
Hybrid 'OB2'        16 AB
 'Basilisk'   16 AB
Hybrid 'BR203'      5 B

Means with the same letter are not significantly 
different at P<0.05 by Tukey HSD test.

Experiment2

Because of the failure of inflorescence development 
in hybrid in some cages, hence, analysis of variance 
could not be performed. The ranking of filled 
seed percentage for experimental treatment was 
tetraploid genotypes 1 (68.5), tetraploid genotype 
2, (63.8), hybrids (17.3), and ‘Kennedy’ (6.9), with 
grand mean ± standard deviation of 39.1 ±31.6 
(Table 3). However, we recalculated the data using 
completely randomized design with 2 replications 
of treatments of growing hybrid with tetraploid 
ruzigrass and growing hybrid alone. The results 
showed that the first treatment gave higher filled 
seed percentage than the control with the values of 
66 and 17, respectively (P<0.05) (Table 4).          

Discussion 
Effect of pollen viability on filled seed percentage 
of Brachiaria hybrid.

Previous literature mentioned that one of the cause 
of seed set failure in Brachiaria hybrid was the 
sterile of pollen (Mendes-Bonato et al., 2004). 
However, the present study shows no relationship 
between these 2 traits. Although this work was not 
conducted in pollination control cages, the border 
plants of each experimental unit could be the 
barriers to pollen from other plots.

Table 3: Filled seed percentage of Hybrid ‘OB4’ planted with different surrounded genotypes

Cage No. Plants arrangement
1 (OB4)(OB4)(OB4)(OB4)(OB4) 1/ 26
2 (OB4)(OB4)(OB4)(OB4)(OB4) 1/ 8
3 (4×-PCh)(4×-PCh)(OB4)(4×-PCh)(4×-PCh) 2/ 64
4 (4×-OKI)(4×-OKI)(OB4)(4×-OKI)(4×-OKI) 3/ 68
5 (4×-KEN)(4×-KEN)(OB4)(4×-KEN)(4×-KEN) 4/ 7

Filled seed (%)

1/ Hybrid ‘OB4’ planted with 4 surrounded plants of hybrid itself.
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2/ Hybrid ‘OB4’ planted with 4 surrounded plants 
of tetraploid ruzigrass ‘Pakchong’
3/ Hybrid ‘OB4’ planted with 4 surrounded plants 
of tetraploid ruzigrass ‘Okinawa-1’

4/ Hybrid ‘OB4’ planted with 4 surrounded plants 
of diploid ruzigrass ‘Kennedy’

Table 4: Filled seed percentage of Hybrid ‘OB4’ 
planted with different surrounded genotypes

Treatment Filled seed (%)
Hybrid 'OB4' planted with 4 surrounded tetraploid ruzigrass 66 A
Hybrid 'OB4' planted with 4 surrounded hybrids itself 17 B

Means with the different letter are significantly different at P<0.05 by Tukey HSD test.

Effect of alien pollen on filled seed percentage of Brachiaria hybrid

The recalculated data showed the evidence that pollen from 4× ruzigrass could activate fertilization 
between its sperm and central-nucleus of hybrid successfully, which caused high filled seed percentage. 
Therefore, this pollen induction technique could be useful for maximizing seed production in Brachiaria 
hybrids.  
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Abstract
The use of companion crops when establishing perennial forages is desirable as it often reduces weed 
growth and increases forage biomass in the seeding year. In eastern Canada, oat (Avena sativa L.) is the 
main species used as companion crop; although other species are used, they have not been systematically 
evaluated. A field study was established in 2019 at three sites in Québec, Canada, to contrast the use of 
six annual species as companion crops for the establishment of lucerne (Medicago sativa L.)-timothy 
(Phleum pratense L.) mixtures. Species evaluated include berseem clover (Trifolium alexandrinum L.), 
annual ryegrass (Lolium multiflorum Lamarck), forage pea (Pisum sativum L.), forage oat, Japanese 
millet [Echinochloa esculenta (A. Braun) H. Scholz], and sudangrass [Sorghum × drummondii (Nees 
ex. Steud.) Millsp. & Chase]. The control treatment consisted of the perennial species seeded without 
companion crop. Treatments were seeded at three dates (mid-May to early-June, mid-June to early-July, 
and early August) and evaluated during the seeding year based on biomass production and botanical 
composition. Overall, across sites, for the first two seeding dates, highest annual forage yields were 
observed with sudangrass, Japanese millet, and oat as companion crops. The use of these species 
increased yields by 1.8 to 2.5 Mg ha-1 on a dry matter basis (DM) compared to the control which 
yielded an average of 3.7 Mg DM ha-1. For the early August seeding, response varied significantly 
across sites. Annual yields were the highest with the use of oat at two sites (avg. of 2.4 Mg DM ha-1), 
whereas no differences between treatments were observed at the other site. Companion crop species 
which maximized total forage yields in the seeding year often reduced weed biomass, but also that of 
perennial species. The impact of treatments on the survival of perennial forages and their production 
during the first post-seeding year will be presented in a later publication.

Introduction
In eastern Canada, timothy and lucerne are among 
the most widely cultivated perennial forage species. 
Since perennial forages generally establish slowly, 

low yields and weed encroachment can occur during 
the seeding year. To reduce weed competition, 
perennial forages can be direct seeded combined 
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with the use of herbicides. However, perennial 
forages are usually established in mixtures of 
grasses and legumes in eastern Canada, limiting 
herbicide selection. Another approach is to use 
annual companion crops to establish perennial 
forages which can offer weed control and can also 
increase forage yields in the seeding year (Hoy et 
al., 2002; Sheaffer et al., 2014). Oat is the most 
commonly used companion crop in the province 
of Québec (CRAAQ 2005). Other annual species 
can be used to establish perennial forages, but 
there have not been evaluated across multiple sites 
in the province of Québec. Therefore, the main 
objective of the study was to compare the effect of 
different annual companion crops used to establish 
a mixture of lucerne-timothy on forage yield, 
botanical composition, and weed control during 
the seeding year. The various companion crop 
treatments were seeded at three different dates 
during the growing season (mid-May to early 
June, mid-June to early July, and early August) 
to determine the best seeding period for each of 
the species evaluated. Finally, the experiment was 
conducted at three contrasting sites with different 
pedoclimatic conditions to determine their 
suitability among regions. 

Materials and methods 
Experimental plots were seeded in 2019 at three 
contrasting sites in Québec, Canada: Sainte-
Anne-de-Bellevue (2136 growing degree days 
on a 5°C basis [GDD5]; 45° 25’ N lat., 73° 55’ 
W long.), Saint-Augustin-de-Desmaures (1821 
GDD5; 46° 43’ N lat., 71° 31’ W long.), and La 
Pocatière (1506 GDD5; 47° 21’ N lat., 70° 1’ W 
long.). Experimental units were monitored for 
two consecutive years (i.e., the seeding and post-
seeding year) but only results of the seeding year 
are presented here because of space limitations. 
There were three blocks per site, resulting in a 
total of 63 experimental units at each site. These 
units were assigned to a randomized complete 
block design with split-plot restriction. The 
main experimental units corresponded to the 
seeding dates while the sub-units corresponded 
to the companion crop treatments. A total of six 
different annual companion crops with a mixture 
of lucerne and timothy were seeded, in addition 
to a control of lucerne-timothy (at rates of 9 and 
7 kg ha-1, respectively) established without a 
companion crop. The six annual companion crops 
evaluated consist in: berseem clover, forage pea, 
annual ryegrass, forage oat, Japanese millet, and 

sudangrass, seeded at rates of 5, 60, 6, 60, 20, and 
20 kg ha-1 on a pure live seed basis, respectively, 
based on local recommendations or previous 
studies. Each of these treatments were seeded at 
three different dates, depending on the location 
(from mid-May to early-June, mid-June to early-
July, and early-August). Depending on the site and 
the seeding date, 1 to 3 harvests were taken during 
the seeding year. The first harvest was done at the 
optimal stage of development of the companion 
crops, based on local recommendations or 
previous research. Subsequent harvests were done 
when lucerne reached the early flower stage of 
development. 

Harvests were done using an experimental flail 
mower and the weight of the harvested material in 
each experimental unit was recorded to determine 
forage yields. A 500-g sample of fresh material was 
taken at each harvest and dried to determine yields 
on a DM basis. Another biomass sample was also 
taken from each experimental unit to determine 
the botanical composition. Weight of each species 
was recorded on a DM basis and their contribution 
to yield were then determined. Data were analysed 
separately for each site: a two-way analysis of 
variance (ANOVA) was done using PROC GLM 
of the SAS software (SAS Institute 2014). Using 
the least square means difference and Scheffé’s 
adjustment for multiple comparisons, differences 
between means were determined and considered 
significant at P ≤ 0.05 level.

Results
Seeding date and companion crop treatment 
effects were significant at each site (P < 0.001) but 
a seeding date ´ companion crop interaction was 
observed at each site, illustrating that companion 
crop performance differed depending on the 
seeding date (P ≤ 0.05). Overall, at Sainte-Anne-
de-Bellevue and Saint-Augustin-de-Desmaures, 
annual forage yields were similar for the first 
two seeding dates and they were significantly 
higher than the yields for the August seeding. At 
La Pocatière, the total yields for the first seeding 
date were significantly higher than the one for the 
second seeding which was also significantly higher 
than the one for the third seeding. At Sainte-Anne-
de-Bellevue, sudangrass treatment resulted in 
significantly higher total forage yields for the first 
two seeding dates compared to the control seeded 
without companion crop and all other treatments 
(Figure 1). Oat and Japanese millet also resulted in 
significantly higher total forage yields compared to 
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the control and all other companion 
crop treatments, except sudangrass 
for the first two seeding dates. 
Weed biomass as well as lucerne 
annual yields were reduced by oat, 
Japanese millet, and sudangrass. 
Timothy yield was marginal and 
no difference among treatments 
was observed. Total forage yields 
were significantly higher with oat 
and Japanese millet treatments 
compared to all other treatments for 
the third seeding date. No difference 
among treatments was observed 
for weed biomass, and lucerne and 
timothy yields for this seeding date. 
At Saint-Augustin-de-Desmaures, 
for the first two seeding dates, the 
highest yielding treatment was oat, 
followed by Japanese millet and 
sudangrass. For the second seeding 
date, Japanese millet and sudangrass 
reduced weeds, but also lucerne 
and timothy yields compared to 
all other treatments. For the last 
seeding date, there was no difference 
among treatments in terms of forage 
yields. However, oat and Japanese 
millet contributed to yields and 
further reduced weeds compared 
to all other treatments. They also 
reduced lucerne yields compared 
to the other companion crops while 
no difference was observed among 
treatments for timothy yields. At 
La Pocatière, sudangrass and oat 
produced the highest yield, followed 
by Japanese millet compared to 
the other treatments for the first 
seeding date. However, with these 
companion crop treatments, lucerne 
yields were lower compared to 
other treatments while no difference 
was observed among treatments 
for timothy yield. For the second 
seeding date, total forage yields of 
oat, sudangrass, and Japanese millet 
treatments did not differ, but were 
higher when compared to the other 
treatments. With these companion 

crops, weeds were reduced, and no difference was observed for 
lucerne and timothy yields. For the third seeding, oat resulted in 
the highest yields compared to all other treatments. 

Figure 1: Seeding year forage dry matter yield and botanical composi-
tion of a lucerne-timothy mixture seeded with six companion crops at 
three different dates and three sites in Québec, Canada
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Conclusions/Implications
These preliminary results demonstrate that, 
although there are differences among sites, oat, 
Japanese millet, and sudangrass are suited to a 
wide range of pedoclimatic conditions. During 
the seeding year, sudangrass performed best when 
seeded later in the summer while oat yielded 
more when seeded in the spring. When seeded 
in May or June, and at all sites, these three crops 
increased total annual forage yields compared to 
other companion crop treatments and the control. 
When seeded in August, and at all sites, total 
annual forage yield of the mixture was the highest 
when the companion crop was oat. Oat, Japanese 
millet, and sudangrass, as annual companion 
crop species, also significantly reduced weeds 
when compared to the control for most seeding 
dates at all sites. However, they also significantly 
reduced lucerne and timothy yields at some of 
the seeding dates and sites. Therefore, they could 
have a negative impact on the establishment of the 

perennial species which will be further assessed 
in the post-seeding year. In conclusion, the use of 
oat, Japanese millet, and sudangrass as companion 
crop for the establishment of a lucerne-timothy 
mixture increase total annual forage yields in 
the seeding year, however, they could negatively 
impact their establishment and their productivity 
in post-seeding years. 
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Abstract
Wide scale adoption of diverse forages improves livestock productivity and farmers welfare. However, 
limited access to information and knowledge on forage production results in slow adoption in Kenya. 
There is need to enhance information and knowledge exchange among farming communities for efficient 
and effective adoption and decision-making. An inter-institutional pilot project was initiated in 2017 to 
scale-up forages in Kenya using a novel extension approach - the village knowledge centre (VKC). A 
VKC is an information and communication technology (ICT) digital platform-based linking farmers 
through smart phones and social media as a conduit for faster and effective information and knowledge. 
This paper shares the experiences of VKC intervention to scale up Urochloa grass technology among 
smallholder farmers for livestock productivity. Through the VKC support there has been increased access 
of information and knowledge on Urochloa grass management, conservation and livestock feeding. 
Approximately 702 farmers out of which 28% were women visited the VKC to seek information on 
Urochloa grass from May 2018 to May 2020. It has trained 22 lead farmers on the establishment and 
management of Urochloa grass. The VKC has created two WhatsApp groups for networking among 
farmers with over 330 members. Between September 2018 and May 2020, the groups shared 2550 
messages on Urochloa management, conservation, and livestock feeding with other farmers in their 
communities. Additionally, the VKC has improved availability of Urochloa grass seeds to farmers. 
Over 530 farmers received the seeds through the VKC, while 500 made request though mobile phone 
Short Message Services (SMS) and were supplied using courier services. It was evident that VKC 
intervention has not only improved the adoption rate, but also led to increased forage productivity and 
higher income for farmers. There is a need to continue using tools such as the VKC in the dissemination 
of information on Urochloa grass and explore suitable funding for sustainability of the centre after the 
end of the project.

Key words: Extension and advisory services, information and communication technology, smallholder 
farmers, Urochloa grass, village knowledge centre, Kenya.

Introduction
Information access among farming community is 
widely acknowledged as one of the critical factors 
for efficient and effective agricultural adoption 
decision-making (Birkhaeuser et al., 1991). 
However, there is limited access and exchange 
of information on good agricultural practices to 
enhance forage production among smallholder 
farmers in Kenya (Kidake el al., 2016). The 
dissemination of information on agriculture is 
skewed to food grains production while information 
on forages for livestock production is not regarded 
as a priority and as a result, adoption of forages 

is largely slow. Recent evaluation studies have 
identified high yielding and nutritious forages 
such as Urochloa grass but integration in the local 
farming system is limited. Wide scale adoption 
of forage intensification can improve livestock 
productivity and farmers income and welfare. 
Forages production is knowledge intensive, hence, 
effective demand based supply of knowledge and 
skills are necessary for management (Wambugu 
et al., 2011). Consensus exists that extension 
and advisory services (EAS) increases farmers’ 
knowledge and assists them to improve farm 

mailto:donaldnjarui@yahoo.com
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management practices (Feder et al., 2004), and 
thereby contribute to successful technology 
transfer. Furthermore, EAS play an important 
role in improving the information exchange 
between scientists, farmers and other stakeholders 
(Anderson and Feder 2007; Birkhaeuser et al., 
1991). 

Since 2010 when a new constitution was 
promulgated leading to devolution of extension 
services, there has been a decline in government 
funded extension services resulting in poor 
delivery of agricultural information in Kenya. 
This has resulted in poor logistical support for 
field staff and ineffective agricultural research-
extension linkage thus hindering timely access of 
information to farmers. The high extension officer 
to farmer ratio, which averages 1:1000, compared 
to FAO recommended ratio of 1:400 compounded 
the problem (Manfre and Nordehn 2013). 
Consequently, there is a need to explore innovative 
approaches to accelerate scaling up forages to 
farmers. Access of information and communication 
technologies (ICT) offers a great opportunity in 
facilitating the flow of information and knowledge 
at reduced cost (Aker 2011). Owning to the 
above challenges that slows down the adoption 
of forages in Kenya an inter-institutional project 
was initiated in 2017 to explore the effectiveness 
of using a novel extension approach - the village 
knowledge centre (VKC) in the upscaling forages 
technologies. In addressing the concept of scaling, 
we refer to reaching a greater number of people 
over time. The objective of this paper is to share the 
experiences on application of VKC in up-scaling 
Urochloa grass technology among smallholder 
farmers for livestock productivity in Kenya.

Overview of Village Knowledge Centre
A VKC is a ICT digital platform-based linking 
farmers through smart phones and social media 
as a conduit for faster and effective information 
and knowledge exchange. It has the potential 
to bridge the knowledge gaps, improve gender 
balance in agriculture extension, and improve their 
livelihoods and those of their households. A VKC 
that is gender sensitive can be effective tools to 
empower the community with timely knowledge 
on various dimensions of agriculture and 
livestock, including, inputs, marketing and rural 
development. The VKC concept was developed 
and implemented in India in 1980 and since 
then it has been used successfully to disseminate 

technologies to millions of smallholder farmers. 

Materials and methods 
A pilot VKC was established in Kangundo 
shopping centre due to its strategic location as 
headquarter of Kangundo sub county and major 
trading centre for crops and livestock. Kangundo 
in one of the eight sub counties of Machakos 
county. Machakos county lies between latitudes 
0º 45´and 1º 31´South and longitudes 36º 45´ 
and 37º 45´ East. It covers an area of 177 km2 
with about 22,000 households engaged in mixed 
crop-livestock production out of which 6,000 
households are involved in commercial dairy 
farming. The dairy cattle are kept mainly under 
stall-feeding where feeds are delivered. Napier 
grass is the major forage cultivated for livestock. 
Seasonal shortfall of feed resources is common 
due to frequent drought and erratic rainfall. The 
government mainly provides extension and 
advisory services (EASs) but because of limited 
budgetary allocation to the agricultural sector, the 
numbers of extension officers are few with limited 
coverage and low effectiveness. The VKC thus 
complements the work of local EAS and does not 
compete with them. It generates knowledge based 
on farmers demand on a regular basis.

Operation of Village Knowledge Centre

The VKC was jointly established by Kangundo 
Constituency Development Funds office and local 
community in May 2018 through InnovAfrica 
project. The centre is equipped with ICT digital 
tools such as computers, internet connectivity, 
web camera, micro-phones, voice recorder, 
phone and public address systems. Local project 
staff is responsible for running the VKC under a 
management committee composed of different 
stakeholders from the local community. The VKC 
maintains a database on Urochloa grass-dairy 
value chain being tested/scaled up by InnovAfrica 
project and other crops and livestock technologies 
developed by Kenya Agricultural & Livestock 
Research Organization (KALRO). The VKC has 
created two WhatsApp groups, Grow Brachiaria 
Group and Grow Brachiaria Group2 and mobile 
phone Short Message Services (SMS) for 
networking among farmers. Other dissemination 
avenues include notice boards, leaflets, posters, 
brochures and public address system. The centre is 
also involved in capacity building through training 
and awareness creation on new crops and livestock 
technologies and practices.
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Results and discussion
Dissemination of information

Approximately 702 people out of which 28% were 
women visited the VKC from May 2018 to May 
2020 (Figure 1). The visitors included farmers, 
extension agents from the public sector and non-
governmental organization and other stakeholders. 
About 49% of visitors to the VKC were over 50 

years old and slightly over 81% visited to obtain 
information on Urochloa grass. The VKC trained 
22 farmers on the establishment and management 
of Urochloa grass production. About 140 farmers 
from neighbouring villages were sensitised on 
various services offered by the VKC through open 
day and in chiefs’ meetings. 

Figure 1: Number of visitors to the Village Knowledge Centre from May 2018 to May 2020 in Kangundo, 
Kenya 
The VKC has significantly increased access to ICT 
based agricultural EASs and networking thorough 
connecting farmers to WhatsApp group (Figure 2). 
The WhatsApp groups, ‘Grow Brachiaria Grass’ 
and Grow Brachiaria Grass2 have a combined 
total of over 330 members. The groups consists 
of farmers, extension workers, scientists and 
other key actors along the Urochloa-dairy value 

chain. By May 2020, the groups had shared 2550 
messages on Urochloa management, conservation, 
and livestock feeding. 

Additionally, the VKC has improved availability 
of Urochloa grass seeds to farmers. Over 530 
farmers made requests and were supplied with the 
seeds through the VKC while approximately 500 
made requests through mobile phone SMS and 
were supplied through courier services. 

Figure 2: Screenshot of exchanges on 
WhatsApp groups, Kenya
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Lessons learnt on VKC

•	 There is a good potential for scaling up 
technologies using VKC because it provides 
advice tailored to the audience demand in a 
timely manner.

•	 The VKC can complement the public extension 
worker in areas they are unable to reach farmers 
effectively due to their low numbers.

•	 The VKC is able to reach a large number of 
farmers within a short period through its digital 
platform.

There is increased interest among different 
stakeholders including government departments 
on VKC relevance and needs. 

Challenges of Village Knowledge centre

Some constraints that hinder farmers from making 
best use of the ICT services from the VKC include:

•	 Socioeconomic factors such as low education 
level of farmers’ limits access of information 
on technology use. 

•	 The ICT infrastructure is inadequate with 
low network coverage and weak internet 
connectivity for some of the mobile service 
providers.

•	 The rising costs of mobile phone services and 
limited access to electricity for recharging 

phones have been cited as a problem.

•	 There is limited capacity of farmers to use 
the new technology or applications such as 
WhatsApp due to lack of smart phones

•	 Sustainability of VKC beyond the project 
period is a major challenge as guaranteed 
funding for continuity have not been secured.

Conclusion
The study provided an insight on dissemination 
of EASs on Urochloa grass among smallholder 
farmers using VKC. Evidence indicates that within 
a relatively short period the VKC has increased 
farmers’ access to seeds, information and knowledge 
on Urochloa cultivation, management and feeding 
to livestock thus considerably accelerating the 
scaling up of the grass. Nevertheless, there is 
need to continue using the VKC to disseminate 
information on Urochloa grass and explore 
suitable funding for sustainability of the centre 
after the end of the project, through public-private 
partnerships, increasing awareness and capacity 
building of youth , strengthening cooperation with 
EASs and improving infrastructure
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Abstract
A green manure crop, sunn hemp (Crotalaria juncea L.), legumes, has a nematode-suppressive effect. It 
is also used as feed in India. However, it is not used as feed in Japan because it contains natural toxins: 
Pyrrolizidine alkaloids (PAs). PAs has the negative effects for not only livestock but also human health. 
The PAs, which are abundant in sunn hemp seeds and which are contained only slightly in leaves and 
stems. Therefore, if sunn hemp harvested before flowering, then no poison problem is posed by PAs. 
However, if it is harvested at the podding stage, a poisonous concentration of PAs occurs. For increasing 
yield, it is necessary to harvest it as late as possible. For obtaining both safe feed without PAs and 
increase in yield, we clarify when the PAs concentration will be increased from flowering to podding.

We cultivated the varieties of crotalaria which are distributed currently in Japan and USA for green 
manure during July–October 2019. We observed the period from flowering to podding. We harvested 
bud, flower, immature pods (under 15 mm) and pods. Then one PAs component that is abundant in 
seeds, the trichodesmine content, was analyzed.

 In the case of late July seeding, the first flowers blossomed in about 50 days after seeding. No difference 
was found between varieties. The flowers wilted about two days after flowering. The ovaries grew to 
immature buds about five days after flowering. Trichodesmine in seeded seeds was greater than 1000 
mg/kg. That in buds, flowers, and immature pods was less than 1.0 mg/kg. Also, that in pods (over 15 
mm length) was greater than 10 mg/kg.

If harvested within one week from the first flower blooming, then sunn hemp can be used as forage with 
low PAs concentration.

Introduction
Sunn hemp (Crotalaria juncea L.), Legumes, 
with a nematode-suppressive effect (Kushida et 
al., 2003) is used worldwide as a green manure 
crop. Moreover, sunn hemp is used traditionally 
as feed in India (Narayanan and Dabadghao 
1972).  Nevertheless, it is not used as feed in Japan 
because it contains natural toxins: pyrrolizidine 
alkaloids (PAs). PAs are abundant in sunn hemp 
seeds and are contained only in small quantities 
in leaves and stems (Mosjidis et al., 2012). If it is 
harvested before flowering, no poison problem is 
posed by PAs. Therefore, in recent years, research 
on feed use has become active in the USA (e.g. 
Lepcha et al., 2018, Jaramillo et al., 2020, Garzon 
et al., 2021). For increasing yield, it is necessary 
that it be harvested as late as possible. However, 
no report describes PAs concentrations between 
flowering to podding. In this study, we clarify 
when PAs concentration in sunn hemp will be 

increased from flowering to podding for forage use 
without PAs.

Materials and methods 
Sunn hemp was cultivated at Kyushu Okinawa 
Agricultural Research Center, NARO, Kumamoto, 
Japan (32°53’N, 130°44’E, 78 m a.s.l.) during 
July–October 2019. The respective average 
monthly temperatures in January (lowest) and 
August (highest) were 5.1°C and 26.8°C in 2019. 
The annual mean precipitation was 1882 mm. 
As a basal fertilizer, a compound fertilizer (N: 
P2O5: K2O, 16%:16%:16%) was applied at rates 
equivalent to 60 kg N/ha immediately before 
sowing seeds. The plot size was 3 × 4 m2 with 
three replications. The three varieties of sunn 
hemp, Nekobukira, Nemakorori, and Kobutorisou, 
that are currently distributed in Japan for green 
manure and the one variety from USA were sown 
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on July 25, 2019. The seeding rate was 60 kg/ha. It 
was suppressed with a roller after sowing.

We recorded the day of first flowering and observed 
the period from flowering to podding for each plot. 
We harvested buds, flowers, immature pods (under 
15 mm length), and pods (over 15 mm length) of 
the two varieties: Nemakorori and a variety from 
the USA on Oct 15 (Figure 1). Dried (60°C, 72 hr) 

and powdered 4 g samples were extracted with 150 
ml extraction solvent (acetone: water (2:1)). The 
extracts were adjusted with acetone and diluted 
with ethanol. Then one PAs component that is 
abundant in seeds, the trichodesmine content in 
seeded seeds and harvested bud, flower, immature 
pods, and pod, was analyzed using LC-MS/MS 
(Triple Quad 6500+, AB Sciex Pte. Ltd., MA, 
USA).

Results
The average days of first flowering of all varieties 
were found to be 47 days from seeding with no 
differences among varieties. Petals withered 
around 3–4 days after flowering with immature 
pod appearance. Pods grew to 10 mm length at 5 
days from flowering and 15 mm length at 6 days 
from flowering.

Trichodesmine content of Nemakorori and a 
variety from USA were, respectively, 1800 and 
1300 mg/kg in seeded seeds, 0.2 and 0.1 mg/kg 
in buds, 0.7 and 0.8 mg/kg in flowers, 0.8 and 0.7 
mg/kg in immature pods (less than 15 mm length), 
and 24 and 13 mg/kg in pods (over 15 mm length).

Discussion
Sunn hemp grow under short-day conditions, 
flowering at 47 days, irrespective of variety. At 
around 4 days after flowering, the flowers withered; 
pods appeared and matured. At 5 days after 
flowering, pods are immature and of less than 15 
mm length without an increase of trichodesmine. 
Our results show that trichodesmine does not 
increase until the seed-setting stage. Sunn hemp 

seeds include over 1000 mg/kg trichodesmine. 
Therefore, trichodesmine probably increases 
rapidly with seed maturity. In this study, the greater 
than 15 mm length pod division included various 
sizes and maturity levels.  Pods of greater than 
15 mm length include immature ones that might 
include less PAs. Further subdivision analysis 
will engender extension of the periods with low 
concentrations of trichodesmine.

Implications
The trichodesmine concentration of flower and 
immature pods was less than 1 mg/kg, similar to 
those of leaves and stems which can be used for 
feed (Mosjidis et al., 2012). Therefore, sunn hemp 
can be used as forage without toxicity within 5 
days after first flowering.
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Abstract
Natural grasslands on Southern Brazil comprise the so called “Rio de La Plata Grasslands” in South 
America. They are an important fodder source for ruminant pastoral systems and contribute to regional 
ecosystem services. Strength of these grasslands is its floristic diversity that poses a dilemma to farmers: 
how to choose management protocols that could be applied for hundreds of species. We propose to use 
a functional ecophysiological approach based on groups of grasses, the most abundant on aerial biomass 
of this natural grasslands. We clustered the most frequent grasses in two groups based on its leaf traits 
(leaf dry matter content and specific leaf area). These traits are functional clues to growth rhythms and 
nutritive value that could separate grasses in “resource capture” and “resource conservation” groups, 
both important for forage production and ecosystem services. Evaluating the most frequent grasses in 
each group we found they have an average of 375 degree-days, for “resource capture” and 750 degree-
day for “resource conservation” groups, as its leaf elongation duration. So we evaluated a rotational 
grazing system based on this morphogenic trait for beef heifers rearing on natural grasslands from 2010 
to 2019. We chose these experimental animals, as a model by its nutrient requirements and relevance 
for regional rearing and breeding systems. Our results indicate an average daily gain that is adequate 
to reach mating age and weight targets (0,3 kg/heifer/day to mate at 24 months) and allowed a higher 
stocking rate and gain per area when compared to regional standards (1,100 kg of live weight/ha and 370 
kg/ha versus 600 and 70 kg/ha). All this animal performance was obtained without changing floristic 
diversity and also enhancing ecosystem services as CO2 sequestration. We concluded that this approach 
could allow farmers to conciliate the dilemma of production and conservation in pastoral ecosystems.

Introduction
Natural grasslands on Southern Brazil are included 
in the so called “Rio de La Plata Grasslands” in 
South America. In Brazil, it is called the Pampa 
biome and presents a flora with great biodiversity, 
around 3 thousand vascular plant species, grasses 
being the most abundant and diverse family 
with about 450 species (Boldrini 2009). There 
is also a great cultural national and regional 
heritage linked to this biodiversity. Since Iberian 
colonization, free-ranging livestock (cattle and 
sheep) on these natural grasslands had been the 
regional main economic activity. In addition 
to providing important economic results it has 
allowed natural grasslands conservation, and also 
developed the culture of a unique human type of 
transnational relevance, the so called “gaucho” 
(Suertegaray and Silva 2009).The progressive 
introduction and expansion of crops and forests 
monocultures, mainly soybeans and eucalyptus, 
had greatly degraded and uncharacterized Pampa 
natural grasslands. Therefore, for the maintenance 

of livestock activity and the preservation of 
this biome, it is necessary to propose and use 
management practices appropriate for both 
conservation and animal production. One of 
the alternatives to support management is the 
functional approach (Cruz et al., 2010). These 
authors proposed the classification of the most 
abundant grasses in two large groups, the group of 
species that captures resources and that of resource 
conservators, which can also be subdivided into 
two others. As a consequence of the different leaf 
attributes, these groups present different rhythms 
of expansion of their tissues and formation of new 
organs (ecophysiological processes). The resource 
capture group has a shorter duration of leaf 
expansion, resulting from a shorter phyllochron. 
The resource conservation group recorded greater 
phyllochron and duration of leaf expansion. This 
work presents an ecophisiological approach, based 
on grasses functional groups, to manage natural 
grassland in a rotational grazing system in a long-
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term trial. Considering that, in this region, most 
of the breeding systems carry out the rearing of 
heifers until their mating in natural pastures, we 
choose them as our experimental animal units. For 
economic reasons in breeding, this mating must be 
done, on average, at 24 months of age. 

Materials and methods 
The trial was carried out in an experimental 
area at the Federal University of Santa Maria, in 
the state of Rio Grande do Sul, southern Brazil, 
with geographic coordinates 29º43’S, 53º42’ W. 
In Koeppen’s classification, the region’s climate 
corresponds to the mesothermal, humid subtropical 
type of Cfa class with an average annual rainfall 
of 1769 mm; annual average temperature of 19.2 
° C; maximum monthly temperatures of 30.2º C 
in January and minimum monthly temperatures of 
9.3º C in June. The area received a management 
under the rotating grazing system over the period 
2010 to 2019, with rest intervals of 375 and 
750 degree-day (DD) based on the thermal sum 
required for leaf elongation of 2.5 and 1.5 leaves 
of grasses of resource use and conservation groups, 
respectively (Machado et al., 2013). The soil 
presents slightly wavy relief, with naturally acidic, 
deep soils and with sandy surface texture, classified 
as Arenic Red Dystrophic Argisoil in the hillside 
areas and Eutrophic Haplossol in the lowland 
areas. The experimental area had 22.5 ha where 
the two treatments and the three area repetitions 
were distributed according to the relief (top, 
slopes and lowland), totalling six experimental 
units. Each experimental unit in the 375 DD had 
7 subdivisions (paddocks), while those in the 
750 DD had 8 subdivisions. Each subdivision 
had 0.5 ha, where the animals had unrestricted 
access to water. The experimental animals were 
Angus and Braford heifers from 6 to 24 months 
of age, with average initial and final weights 
ranging between 160 and 300 kg live weight. The 
definition of instantaneous stocking rate to be used 
per paddock was calculated in order to achieve a 
forage disappearance of 4.5% of the live weight 
over 70% of the leaf blade forage mass. Forage 
disappearance accounts for intake and losses of 
forage mass. Forage mass and its components (leaf 

blades, pseudo stems, senescent material, and other 
components), as well as floristic composition, 
were evaluated by visual estimations calibrated by 
a double sampling procedure based on BOTANAL 
method (Tothill et al., 1992). A flow measurement 
tower was installed at the experimental site in 
2013 to estimate the surface flows obtained by 
the Eddy Covariance technique over five years. 
Each paddock received a minimum of four tester 
heifers plus regulators to achieve the above 
disappearance rate, so that both treatments receive 
a similar grazing intensity, varying only grazing 
frequency. Heifers were weighed after a period of 
12 hours of fasting every 28 days, approximately, 
to calculate the average daily gain, the average and 
instant stocking rates and the production per area. 
During the ten years of evaluations, the sampling 
of the warm season corresponded to an average of 
210 days, while the cool season was 98 days. The 
data were analyzed in a randomized block design 
through analysis of variance.

Results
The annual carbon estimates, or Net Ecosystem 
Productivity (NEP), in the balance from January 
to December, for all years of analysis, showed 
a positive sign. The annual variability showed 
values   varying between + 109.4 g C m-2 year-

1 (2014) and + 507.2 g C m-2 year-1 (2015), with 
average annual value, for the complete five years 
analyzed, from + 349 g C m-2 year-1. Over the ten 
years evaluated, the botanical composition did not 
show significant differences, maintaining a similar 
Shannon diversity index between treatments (H 
‘= 2.2), with 57 species recorded. Considering 
that there were no significant differences when 
comparing long-term treatments, the animal 
production variables were presented as means of 
the two treatments in Table 1. 

Table 1:  Animal production variables (heifers’ 
average daily gains; stocking rates and production 
per area) recorded by season (warm and cool 
season) and in an annual basis, indicating the 
range of best and worst years during 10 years of 
evaluation (Santa Maria site, Southern Brazil, 
2010 to 2019).
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Variable Best year Worst year Average
Warm season (210 days)
Average daily gain (kg/day) 0.5 0.2 0.3
Stocking rate (kg/ha) 1980 855 1350
Cool season (98 days)
Average daily gain (kg/day) 0.5 0.1 0.3
Stocking rate (kg/ha) 945 378 562
Production per area
Warm season (210 days) (kg/ha) 565 190 280
Cool season (98 days) (kg/ha) 193 35 90
Annual production per area (kg/ha) 758 225 370

Discussion and Conclusions
According to Table 1, we can see that the body 
development goal of heifers to achieve the 
recommended mating weight has been achieved. 
This statement can be confirmed by the pregnancy 
rates of heifers that varied between 75 and 100%, 
with an average of 86% (Soares et al., 2013). 
Greater efficiency in the use of natural grassland 
was achieved through the registered average 
stocking rates, both in the cool and warm seasons, 
as well as the annual average. The recorded 
values can be compared with the regional average 
stocking of 600 kg live weight / ha, in overgrazed 
areas on Southern Brazil (Carvalho et al., 2011). 
The same authors report that the annual production 
per area, in overgrazed natural grasslands is 70 kg 
/ ha, which represents only 19% of the average 
values in our records. Even the worst year had 
an annual production three times higher. The 
production of this worst year was similar to the 
values registered in the best combination of 

forage on offer in continuous grazing proposed by 
Carvalho et al., (2011). NEP recorded along five 
years implies that the natural grassland ecosystem 
acts as an atmospheric carbon drain (Acosta 2019). 
The biggest difference between the treatments 
was registered in relation to the pasture structure, 
which presented a higher frequency of the tussock 
stratum in the treatment of 750 DD, consequence 
of favouring the growth of resources’ conservation 
grasses. In the long run, the increase in the tussock 
stratum may imply the need for mechanical 
mowing strategies to maintain a favourable 
structure for animal intake. We concluded that 
this approach could allow farmers to conciliate 
the dilemma of production and conservation in 
pastoral ecosystems.
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Abstract
In Costa Rica pasture-based grass is the basis for both dairy and beef production. The Caribbean region 
with a rainfall exceeding 3000 mm has four seasons: dry (Feb-May), rainy (May-Aug), less rainy (Sep-
Oct) and intermediate (Oct-Feb). Many pastures are dominated by Ischaemum ciliare (“Retana”), of 
poor nutritional quality and permanently grazed with low stocking rates (one animal per ha). To assess 
the potential of combining improved grasses with rotational grazing, a trial with Urochloa hybrid 
cv. Cayman was implemented at the INTA research station in Guápiles, Limón province, during four 
years (2014 to 2018). An intensive pasture management system based on the Voisin rational grazing 
methodology was applied in 21 paddocks of 0.2 ha, using 10-15 Brahman or Brahman x Simbrah steers, 
with 2.3 days of grazing and 46 days of pasture regrowth. 

For each year, the effect of growing season was determined on botanical composition, biomass 
production, intake and live weight gain. The botanical composition remained generally unchanged, with 
some encroachment of I. ciliare. Dry matter production increased during the first three years from 3.8 to 
6.7 Mg, stabilizing in the fourth year; biomass availability was highest during the rainy season (6.6 Mg 
of DM/ha) and lowest during the dry season (4.2 Mg of DM/ha). Intake was 2.4% of live weight. Dry 
matter digestibility and crude protein content were 61% and 7% respectively. Average stocking rate was 
2.4 Livestock Units (of 450 kg LW) per ha.  The climatic seasons affected significantly LWG, which 
varied from 0.40 (intermediate season) to 0.82 (dry season) kg day-1 animal-1. 

Intensive rotational grazing with improved grass cv. Cayman lead to superior forage availability, stocking 
rates and LWG. However, very humid conditions reduce daily live weight gain by 50% and ways must 
be sought to improve animal wellbeing during the rainy periods. 

Introduction
In Costa Rica pasture-based grass is the basis for 
both dairy and beef production. Many pastures are 
dominated by Ischaemum ciliare (“Retana”), of 
poor nutritional quality and permanently grazed 
with low stocking rates (one animal per ha). 

In the humid tropics of Costa Rica, pasture research 
has demonstrated that short grazing periods 
increase animal performance (Ibrahim 1994; 
Hernández et al., 1995; Hernández et al., 2014). 
Rotational grazing (like Voisin-style rational 
grazing) improves forage utilization and promotes 
nutrient cycling to maintain primary productivity 

through short (one to three days) grazing periods 
with high stocking rates (Sánchez et al., 1997; 
Senra et al., 2005; Sorio; 2012) preventing animals 
grazing the same plant twice. 

To assess the potential of combining improved 
grasses with rotational grazing and compare 
biomass yield, botanical composition and 
liveweight gain of cattle for different climatic 
seasons, a trial with Urochloa (also known as 
Brachiaria) hybrid cv. Cayman was implemented 
from October 2014 to December 2018.
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 Materials and methods 

The research was conducted at the INTA (Instituto 
Nacional de Innovación y Transferencia en 
Tecnología Agropecuaria) research station “Los 
Diamantes”, located in Guápiles, Limón Province, 
Costa Rica, with an  annual precipitation of 4332 
mm and an average daily temperature of 24.6 °C. 
The site is characterized by four climatic seasons: 
dry (15 Feb- 14 May), rainy (15 May- 31 Aug), 
less rainy (1 Sep- 15 Oct) and intermediate (16 
Oct- 14 Feb).

In 2012 a pasture of 4.35 ha was sown with 
certified seed of U. hybrid cv. CIAT BR02/1752 
Cayman® (Semillas Papalotla), by broadcasting 
at a rate of 7 to 8 kg per ha.  In 2014 the pasture 
was divided into 21 paddocks, of which 14 with 
two days (Mondays to Thursdays) and 7 with three 
days (Fridays to Sundays) occupancy resulting in a 
weighted average of 2.4 grazing days per paddock 
with 46 days of pasture regrowth. Each year, 
the effect of growing season was determined on 
botanical composition, biomass production, intake 
and live weight gain. Five groups (four Brahman, 
one  Brahman x Simbrah cross) of 10-15 animals 
each were used with an initial average weight of 
358 kg. Every 30 days the animals were weighed. 

Forage availability and botanical composition 

Every two grazing cycles prior to the entry of 
the animals forage availability was estimated 
using the dry weight range method proposed by 
Haydock and Shaw (1975).  In each paddock, three 

representative sites were selected and evaluated on 
a scale from 1 to 3, representing lowest and highest 
forage availability respectively, and dry matter 
biomass was determined.  Using these data as a 
calibration, observers visually assessed 30 points 
and estimated forage production using regression. 

Botanical composition was determined every four 
grazing cycles, using the dry weight range method 
proposed by ‘t Mannetje and Haydock (1963).  For 
this, a 0.25 m2 frame was used at the same sampling 
points for the estimation of forage availability and 
species were ranked in terms of dry matter weight.

Pest and disease incidence was assessed using a 5 
point scale, where 1 is absence of damage and 5 is 
very severe damage (Toledo 1982). 

Results
No interaction year x season was found for any of 
the agronomic variables. 

Botanical composition did not differ between the 
different seasons, but between years significant 
differences were found for Cayman, I. ciliare and 
broadleaf species other than legumes. 

Cayman yield differed significantly between years. 
Dry matter production increased during the first 
three years from 3.8 to 6.7 Mg, stabilizing in the 
fourth year (Table 1). 

Table 1: Pasture botanical composition, yield of 
Urochloa hybrid Cayman under rational Voisin 
grazing

Year 2015 2016 2017 2018
Botanical composition (%)
U. hybrid cv Caymán 90.1 a 90.8 a 86.9 ab 78.3 b
I. ciliare 4.2 a 5.3 a 7.7 a 15.9 b
Other grasses 0.8 a 0.2 a 0.3 a 0.7 a
Legumes 1.5 a 3.1 a 3.3 a 3.2 a
Other broadleaf species 0.2 a 0.1 a 0.4 a 1.1 b
Cyperaceae 2.7 a 1.2 a 1.4 a 0.84 a
Yield (Mg DM/ha) (42 days) 3.8 a 5.8 b 6.7 b 6.5 b

DM: Dry Matter; Means with a common letter in the same row are not significantly different (p > 
0.05).

U. hybrid cv Cayman maintained a good cover, with some gradual encroachment of I. ciliare and other 
broadleaves than legumes. 

Estimated dry matter intake was 2.43% of liveweight.  The average nutrient composition of U. hybrid cv 
Cayman was as follows: Dry Matter 21.5%, Crude Protein 7.0%, Neutral Detergent Fibre 64.3%, Acid 
Detergent Fibre 37.7, ash 11.4%, lignin 3.2% and Dry Matter digestibility 61%.
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Stocking rate varied between 2.1 and 2.9 animals/ha with an average of 2.4. Differences were caused 
by variations in animal numbers, initial weight and liveweight gain. Cayman grass performed well at all 
stocking rates. 

Table 2 shows the yield of Cayman and the daily liveweight gain of the steers for the different climatic 
seasons. 

Table 2: Effect of season on yield of U. hybrid cv Cayman and liveweight gain

Season Yield Cayman 
(Mg DM/ha)

Liveweight gain (g/
animal/day)

Dry (15 Feb- 14 May) 5.9 ab 0.83 a
Rainy (15 May- 31 Aug) 6.6 a 0.61 b

Less Rainy (1 Sep- 15 Oct) 5.7 ab 0.55 b

Intermediate (16 Oct- 14 Feb) 4.2 b 0.39 c

Means with a common letter in the same row are not significantly different (p > 0.05).

Liveweight gain is highest in the dry season (p < 0.05), whereas biomass yield is one of the highest, but  
not significantly differing from the rainy and less rainy seasons. However, the rainy season with highest 
biomass production shows a significantly lower liveweight gain in comparison to the rainy season.  
During the intermediate season, liveweight gain is significantly lower than during the other seasons, 
with also lowest biomass availability. 
Discussion
The relatively high intake of the pasture can be 
related to the good digestibility and low lignin 
levels. In rotational grazing (in this case Voisin-
style rational grazing) with Cayman grass in the 
Caribbean region of Costa Rica, variations in 
liveweight gain respond both to the effect of climate 
on the animals and biomass availability. The three 
rainy seasons showed lower liveweight gain than 
the so-called dry season. Therefore, potential 
of improved pastures may be underestimated. 

Adapting grazing conditions leading to increased 
animal welfare can increase performance, 
especially in critical weather conditions such as 
high humidity and excess rainfall. 
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Abstract
The study was conducted to evaluate the interactive role of bacteria and fungi on forage degradation 
in vitro. Samples of Cynodon spp. were incubated in a 48-h in vitro gas assay with incubation medium 
containing or not antimicrobial substances. Treatments were: antibiotic (Ab), antifungal (Af), negative 
control (i.e. without antimicrobials) or positive control (i.e. with both Ab and Af). Three replicate assays 
were conducted and, in each assay the gas volume was measured at 3, 6, 9, 12, 24, 36 and 48 h of 
incubation. Data of cumulative gas production in each flask in each assay was fitted to a one-pool 
logistic model which generated three kinetic parameters: total gas production, rate of gas production 
and lag time. For statistical analysis, data of triplicates in each run were averaged and each run was 
considered a replicate. All variables were significantly affected by treatments (P < 0.05). Compared to 
negative control treatment, Ab decreased total gas production and the rate of gas production by 26 and 
13 %, respectively, and increased the lag time by 5.5 hours. The inclusion of Af also decreased total gas 
production and the rate of gas production by 5 and 29%, respectively, whereas decreased the lag time 
by 1 hour. When both Ab and Af were included in the incubation medium, gas production was almost 
completely inhibited and no convergent data of fermentation parameters was generated. In conclusion, 
bacteria had a major role on forage degradation what, however, was increased by fungi activity. The 
mechanisms by which fungi interact with bacteria for degrading forage into the rumen needs to be 
elucidated.

Introduction
Ruminants have the ability to utilize fibrous 
carbohydrates from forages as cellulose, 
hemicellulose and pectin due a symbiotic 
relationship with microorganisms inhabiting the 
rumen. These microorganisms, mainly bacteria 
and fungi, produce enzymes which catalyse the 
hydrolysis of these carbohydrates releasing free 
sugars. These compounds are then metabolized 
by rumen microorganisms producing volatile 
fatty acids, methane and carbon dioxide, among 
other products (Van Soest 1994). The species 
and function of rumen bacteria have been longer 
studied (Hungate 1966) whereas not consistent 
information is available on the role of fungi on 
rumen fermentation. The presence of rumen 
fungi species was first reported by Orpin (1975), 
which observed that part of the fungi life cycle 
was strongly associated with the fibre. Moreover, 
Mountfort et al., (1982) observed that the rumen 
fungi species show high cellulolytic activity and, 
in addition, they are capable to degrade lignified 
tissues of forage samples (Bauchop 1979; Trinci 
et al., 1994). Also, Lee et al., (2000) and Zhang 
et al., (2007) reported that forage degradation 

was increased by fungi presence. However, 
other studies have reported that soluble proteins 
produced by some species of cellulolytic bacteria 
have the potential to inhibit the cellulase activity 
of rumen fungi in vitro (Wolin and Stewart 1997; 
Dehority and Tirabasso 2000), indicating a negative 
interaction between bacteria and fungi. The 
present study was conducted to evaluate whether 
the forage degradation in vitro is consequence of 
a summative or interactive activity of bacteria and 
fungi.

Materials and methods 
The study was conducted in 2019 at the 
Universidade Federal de Santa Maria, Santa Maria, 
RS, Brazil. The substrate used in this experiment 
was Cynodon spp. which was cut from a local 
pasture in its vegetative stage. Forage sample was 
dried at 55°C for at least 72 h and ground through 
a 1-mm screen. Total dry matter was determined 
by drying at 105°C for at least 16h. Ash was 
determined by combustion at 600°C during 3h and 
organic matter (OM) by mass difference. Total N 
was assayed by the Kjeldahl method (AOAC 1997) 
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and crude protein (CP) calculated as N × 6.25. 
Neutral detergent fibre (NDF) analysis included 
ash but did not include either alpha amylase or 
sodium sulphite. This analysis was performed 
according to Mertens (2002) except that samples 
were weighed into polyester filter bags and treated 
with neutral detergent in autoclave at 110°C for 
1 h (Senger et al., 2008). Acid detergent fibre 
(ADF) and sulfuric acid lignin were analysed 
according to AOAC (AOAC 1997). The Cynodon 
spp. contained 896, 710, 370, 65 and 154 g/kg (dry 
matter basis) of OM, NDF, ADF, lignin and CP, 
respectively. Three replicate in vitro assays were 
conducted to evaluate the impact of antimicrobial 
substances on Cynodon spp. degradation. In each 
assay, forage samples were weighed (1.5 g) in 
triplicate in 160 mL flasks and incubated in vitro 
during 48 h in medium containing 50 mL buffer 
(Mould et al., 2005) plus 50 mL rumen inoculum, 
added or not with antimicrobial substances. The 
inoculum was collected under continuous CO2 
flushing from the rumen cannula of a steer grazing 
a pasture of Cynodon spp. and supplemented 
with concentrate feedstuffs. A mixture of 
penicillin, chloramphenicol and streptomycin 
(500 mg/L of each) was used as antibiotic 
whereas cycloheximide (50 mg/L) was used as 
antifungal. In vitro fermentations were conducted 
anaerobically in a slow-stir water-bath system at 
39°C. Treatments were: antibiotic (Ab), antifungal 
(Af), negative control (i.e. without antimicrobials) 
or positive control (i.e. with both Ab and Af). 
Bottles without substrate were included as blanks. 
Gas volume was manually recorded at 3, 6, 9, 12, 
24, 36 and 48 h of incubation using a three-outlet 
valve. The first outlet was connected to a needle 
(0.6 mm), which was inserted in the bottle across 
the rubber cap. The second outlet was connected 
to a graduate column filled with distilled water and 
the third remained free to remove the gases from 
inside the bottle after each reading. The volume 
of gas was measured in mL, corresponding to 
the displacement of the water in the graduate 
column. Data of cumulative gas production in 
each flask in each assay was corrected for blanks 
and fitted to the unicompartimental logistic model 
of Schofield et al., (1994) which generated three 
kinetic parameters: total gas production (mL), rate 
of gas production (%/h) and lag time (h). Final pH 
of incubation medium was also recorded at 48 h of 
incubation. For analysis, data of triplicates in each 
assay were averaged and each assay was considered 
a replicate. Statistical analysis was carried out 

using a general linear model and treatment means 
were compared through the Student t test.

Results
The curves of gas accumulation through the 48 
hours of incubation in the different treatments 
are shown in Figure 1. All kinetic parameters 
of gas production were significantly affected 
by treatments (P < 0.05, Table 1). Compared to 
negative control treatment, Ab decreased total gas 
production and the rate of gas production by 26 
and 13 %, respectively, and increased the lag time 
by 5.5 hours. The inclusion of Af also decreased 
total gas production and the rate of gas production 
by 5 and 29%, respectively whereas, however, 
decreased the lag time by 1 hour. When both Ab 
and Af were included in the incubation medium, 
gas production was almost completely inhibited 
and no convergent data of fermentation parameters 
were generated. The initial pH of the incubation 
medium was similar for all treatments and was on 
average 7.1 whereas the final pH decreased to on 
average 5.6 in most treatments excepting in C+, 
which final pH remained near the initial pH. 

Table 1: Effect of antimicrobial substances on gas 
production parameters of Cynodon spp. samples 
incubated in vitro during 48 hours. 

Variables
Treatments† s.e.m. 

‡C- Ab Af C+
Gas produc-
tion, mL 148a 106c 137b NC 1.2

Rate of gas 
production, 
%/h

5.6a 4.8b 4.0c NC 0.07

Lag time, 
hours 1.8b 7.3a 0.8c NC 0.13

Initial pH 7.1a 7.1a 7.1a 7.1a 0.20
Final pH 5.5b 5.7b 5.5b 6.6a 0.28

a, b, c Means with different superscripts within a row 
are different by Student t test (P ≤ 0.05); NC, curve 
of gas production did not converge to the logistic 
model and parameters were not generated.
† C-, negative control (without antimicrobials); 
Ab, antibiotic (penicillin + chloramphenicol + 
streptomycin, 500 mg/L of each); Af, antifungal 
(cycloheximide, 50 mg/L) and C+, positive control 
(with Ab and Af).
‡ Standard error of means where n = 3 per treatment.



534

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

Discussion 
The isolated addition of either Ab or Af impacted 
the kinetic of gas production in vitro in different 
ways. For example, total gas production was 
partially and more negatively affected by Ab than 
by Af whereas an inverse effect was observed on 
the rate of gas production, i.e., the negative impact 
of Af on this variable was more evident than that 
observed with Ab addition. The lag time, in turn, 
was negatively affected by Ab and positively 
affected by Af. However, when both antimicrobials 
substances were added to the incubation medium, 
the fermentation was completely supressed. This 
result strongly indicates that both bacteria and fungi 
had a synergistic activity on forage degradation as 
reported by Lee et al., (2000), even though bacteria 
had a major role on this process. The increased 
contribution of rumen bacteria species on forage 
degradation compared to fungi is coherent with the 
differences on their microbial mass and metabolic 
activity into the rumen (Raskin et al., 1997; Arcuri 
et al., 2011). Moreover, the fibrolytic bacteria 
species seems to contain multienzyme complexes 
for plant cell degradation with higher affinity/
specificity for cell-binding with substrate than 
those found in rumen fungi species (Chesson and 
Forsberg 1997), what would be coherent with the 
impact of antimicrobials on lag time. The addition 
of Ab, a condition by which it would be expected 
lower bacteria competition and, consequently, 
higher fungi growth and activity, increased the 

lag time from average 1.8 to 7.3 hours whereas, in 
an opposite way, the inclusion of Af, a condition 
by which only bacteria would be acting on forage 
colonization and degradation, decreased the lag 
time of fermentation to only 0.8 hours. These 
results indicate that fungi species needs more 
time for reaching high levels of colonisation and 
multiplication on plant tissues into the rumen 
than bacteria species (Heat et al., 1986; Dijkstra 
et al., 2002; Edwards et al., 2008). In addition, it 
has been reported that rumen fungi species use to 
colonize and degrade preferentially more lignified 
plant tissues with lower digestibility (Bauchop 
1979; Joblin et al., 2002), what would be coherent 
with the higher negative impact of Ab on total gas 
production than that observed with Af addition. 
However, despite the increased lag time, the 
inclusion of Ab resulted in lower negative impact 
on the rate of forage degradation than the inclusion 
of Af. This result indicate that fungi species needs 
more time than bacteria for colonizing the forage 
particles but their fibrolytic activity is similar or 
even higher than that of rumen bacteria species.    

Figure 1: Effect of antimicrobial substances on 
kinetics of cumulative gas production of Cynodon 
spp. in a 48-h in vitro gas production assay. C-, 
negative control (without antimicrobials); Ab, 
antibiotic (penicillin, chloramphenicol and 
streptomycin 500 mg/L of each); Af, antifungal 
(cycloheximide 50 mg/L) and C+, positive control 
(with Ab and Af). 
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Excepting for the positive control treatment, 
where the fermentation was completely supressed 
and the pH of the incubation medium remained 
near the initial pH, the final pH of other treatments 
decreased to values below 6.0 after 48 hours of 
fermentation, a condition by which the activity 
and/or growth of fibrolytic rumen bacteria species 
are greatly and negatively affected (Mould and 
Ørskov 1983; Martin and Michalet-Doreau 1994; 
Zhang et al., 2018). However, it is not known 
which would be the impact of low pH on rumen 
fungi activity or even on the interaction between 
rumen fungi and bacteria on forage degradation. 

In conclusion, bacteria had a major role on forage 
degradation what, however, was increased by 
fungi activity. However, the mechanisms by which 
fungi interact with bacteria for degrading forage 
into the rumen needs to be elucidated. Data of 
biomolecular (i.e. qPCR and DNA sequencing) 
and microscopy techniques may contribute for this 
task.  
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Phenotypical Characters Associated with whe Loss of the seed and the Production of Biomass In 
Panicum coloratum var. makarikariense  
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Abstract
Since the beginning of humanity, plants have been manipulated by humans by artificial selection to 
obtain changes in their characteristics. This progress has been achieved through the domestication of the 
species. Panicum coloratum is a species of summer perennial grass, megathermic, tolerates waterlogging, 
cold and slightly saline soils. It is of African origin and used as fodder in various parts of the world. In 
Argentina around 130.500 hectares are sown, the most widespread varieties are: var. coloratum, and var. 
makarikariense Goossens. Its characteristics of determined flowering and ununiform ripening within 
the panicle, added to a very low retention of the seeds after maturation, establish serious difficulties 
in harvesting quality seeds. Megathermic forage species are good producers in forage quantity and, in 
turn, possess good quality. The objective of the work was to study the dynamics of seed dehiscence and 
the forage production of two cultivars of Panicum coloratum var. makarikariense (cv. Kapivera and cv. 
Bambatsi). The seed fall was evaluated weekly for 70 days between March-May 2017 and 2019 on 15 
random inflorescences of each cultivar. Once the seed harvest was completed in May 2017 and 2019, 
the panicles were cut and the panicle height, panicle length, rachis length, wet weight, dry weight and 
percentage of dry matter were analyzed. Through a χ² distribution, it was found that there is experimental 
evidence that indicates that the dynamics of seed fall are different among cultivars. An analysis of main 
components was carried out in each year under study to simultaneously evaluate all the variables related 
to biomass, in the two ACPs mentioned there was not a defined grouping of the plants according to the 
cultivation to which they correspond.

Introduction
Starting in 1970, Argentine agriculture underwent 
an expansion of its productive frontier, favored by 
the expansion of the area destined for planting export 
crops and the incorporation of a truly promising 
technological package. The advancement of this 
model has caused a shift of livestock to marginal 
areas with less productive skills due to both 
environmental and edaphic limitations. These 
aspects restrict the choice of forage species to 
those that due to their origin have adaptation 
characteristics at the physiological, morphological 
and productive level (quality and quantity of forage 
produced) (Pérez 2005). Panicum coloratum is a 
species of summer perennial grass. It has a habit of 
tussock growth, erect bushes with short rhizomes, 
slow establishment, tolerates puddling, cold and 
slightly saline soils. It belongs to the Poaceae 
Family, Panicoideae Subfamily, Paniceae Tribe. 
Its African origin has allowed it to evolve in a 

tropical and subtropical environment, developing 
adaptations that increase its efficiency in the use 
of light, temperature and water resources. In 
Argentina, the most widespread varieties are two: 
P. coloratum L. var. coloratum, and P. coloratum 
L. var. makarikariense Goossens (Armando et al., 
2013). It has a good production and presents high 
quality forage in summer compared to other C4 
grasses, which allows it to be conserved as deferred 
forage towards winter (Petruzzi et al., 2003). 
However, its determined flowering characteristics 
and uneven maturation within the panicle, added to 
a high seed dehiscence after maturation, establish 
serious difficulties in harvesting quality seeds. 
Dehiscence is the phenomenon by which the fruits 
reach maturity and open naturally to let out and 
spread the seeds. In Argentina around 7.8 million 
hectares are sown with forage pastures, of which 
1.4 million are cultivated with type C4 grasses and 
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of these, 130,500 hectares are sown with Panicum 
coloratum (INDEC 2002). The fruits have evolved 
through various mechanisms to mediate between 
the maturation and dispersal of their seeds. Since 
manipulation of dehiscence could improve crop 
yield, scientists have focused their attention on 
this process.

The increase in summer temperatures, in response 
to climate change, has established a marked interest 
in evaluating the productive and reproductive 
behavior of new megathermic grass species in the 
Argentine Pampeana region.

The objective of this work was to study the 
dynamics of seed dehiscence and forage production 
of two cultivars of Panicum coloratum var. 
makarikariense (cv. Kapivera and cv. Bambatsi).

Materials and methods 
During November 2015, were planted two cultivars 
of Panicum coloratum var. makarikariense (cv. 
Kapivera and cv. Bambatsi) in plastic cups on a 
substrate composed of earth and vermiculite. In 
March 2016, the transplant of 90 plants from each 
cultivar was carried out to an experimental lot 
located in the town of Zavalla, Santa Fe, Argentina 
(33 ° 01 ′ S; 60 ° 53 ′ W). The lot belongs to 
the Faculty of Agricultural Sciences (National 
University of Rosario) and consists of two 
consecutive plots of identical dimensions with a 
separation between plants of 1 meter, on which no 
previous chemical applications were made, neither 
during nor after transplant. This locality presents a 
temperate climate with annual precipitations close 
to 990 millimeters, typical/vertic Argiudol soil 
made up of moderately well-drained fine clays and 
insufficiently provided with organic matter.

•	 Seed dehiscence: Seed drop was evaluated 
weekly for 70 days between March-May 
2017 and 2019 by placing traps on 15 
random inflorescences of each cultivar 
when 80% of them had 2/3 of anthesis. 
These traps consist of a vertical iron 
structure covered by a lycra mesh to which 
two rings of equal diameter are attached 
at a distance of 30 centimeters between 
them, containing a seed collection funnel 
at the base of the second ring (Fig. 1). The 
inflorescences were incorporated into the 
trap through a slot made on the funnel. 
The collections were carried out until 
approximately 80% of the inflorescences 

had lost all of their seeds. Using a χ² 
distribution, the results obtained were 
analyzed.

Figure 1: Seed trap.    
  

•	 Panicle production: After the harvest 
of seeds during the years under study, 
the panicles were cut and transferred 
to the laboratory where the following 
measurements were made: Panicle height: 
length in centimeters from the base of 
the panicle to the apex. Panicle length: 
measured in centimeters from the apex 
to the knot of the flag leaf. Rachis length: 
distance in centimeters from the upper 
end to the first branch of the panicle (Fig. 
2). The panicles were weighed (weight h) 
from the apex to the node of the flag leaf, 
discarding the leaves and were placed in 
an oven at 60 ° C for 72 hours. Then, they 
were weighed (weight s) again to obtain 
the dry matter (dm %) of them. A principal 
component analysis (PCA) was carried 
out for each year under study in order to 
simultaneously evaluate all the variables 
and explore correlations between themAll 
analyzes were performed using the 
Infostat program (Di Rienzo et al., 2008).

Results
Seed dehiscence: The results indicate a similar 
seed drop for both genotypes until week 5, after 
which differences in the dehiscence process begin 
to be seen in both cultivars, being notably greater 
during the final 20 days of the experiment (Fig. 3). 
There is experimental evidence indicating that the 

Figure 2. Panicle morphological 
variables
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dynamics of seed drop is different between cultivars, both for the accumulated number of seeds dropped 
during the trial and for the number of seeds dropped per week. The Bambatsi cultivar evidences a greater 
total dehiscence of seeds in the 2 years under study. 

 

Figure 3: Seed drop dynamics (α=0,05. DF=7) Yellow ellipses indicate the peak of seed fall.

Forage production: The analysis of variance 
showed that in the two years there is experimental 
evidence indicating the existence of significant 
differences between cultivars for the variables 
“panicle l” and “rachis l”. In the two PCAs 
mentioned, a defined grouping of the plants 
according to the cultivar to which they correspond 
is not displayed. The yellow triangles represent 
individuals of the Kapivera cultivar, and the blue 
triangles represent individuals of the Bambatsi 
cultivar.

PCA 2017: In the biplot it can be seen that the 
variables “dry w” and “wet w” (correlation 
coefficient: 0.96) and the correlated variables 
“rachis l” and “panicle l” (correlation coefficient: 
0.86) (Fig. 4).

PCA 2019: two groups of correlated variables are 
also displayed, on the one hand we find “rachis 
l” and “panicle l” (correlation coefficient: 0.82), 
and on the other “dry w” and “wet w” (correlation 
coefficient: 0.93) (Fig. 5).

 
Figure 4: PCA for the year 2017.
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Figure 5. PCA for the year 2019.

Discussion 
Numerous studies on phenotypic traits in forage 
grasses of great agronomic interest have been 
reported, evidencing the importance of selecting 
certain species that are useful in intensive systems 
with abiotic stress conditions. In Argentina, 
the Pampeana region is characterized by high 
temperatures, concentrated rains and high 
evapotranspiration in the summer. It also shows 
low temperatures and lack of rain in the winter. 
The amount of product that a farmer obtains for 
each unit of surface depends on multiple natural 
and human factors. In this sense, seed dehiscence 
is a major component of yield loss in many cereal 
crops worldwide. The first seeds began to detach 
from the mother plant 15 days after flowering 
began, in correspondence with what Burson 
(1983) stated in his research. The peak of fall for 
the data set for the years 2017 and 2019 is given 
on the same date for both cultivars, although that 
means different weeks.

In the evaluation of the characters related to 
biomass, the expected correlations between a 

certain groups of variables can be visualized. 
Furthermore, according to the length of the vector, 
they seem to have a similar importance when 
discriminating crops. The variables “rachis l” and 
“panicle l” present a phenotypic correlation, and 
possibly a genetic correlation due to the significant 
differences found for both in the ANOVA. 
Regarding the variables “dry w” and “wet w”, the 
correlations are phenotypic (environmental) both 
in 2017 and in 2019.
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INDEC. (2002). Superficies implantada en las EAP con y sin límites definidos, por grupo de cultivos, 
según período de ocupación y provincia. Retrieved from https://www.indec.gob.ar/indec/web/
Nivel4-Tema-3-8-87
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Abstract
Despite years of research on the antimethanogenic potential of condensed tannins (CT), their large-
scale application is inhibited by a substantial variability in previous studies with regards to their impact 
on ruminant nutrition. This variability mainly results from the complexity of CT structures, and their 
impact on methane emissions is often unaccounted for. Hence, this study (a) evaluated the variability in 
antimethanogenic potential across six forage species, (b) linked methane emissions to tannin activity, 
and (c) determined the impact of CT structural features on methane abatement. Six forage species 
were grown in a greenhouse under controlled environmental conditions, namely, sainfoin (Onobrychis 
viciifolia), birdsfoot trefoil (Lotus corniculatus), big trefoil (Lotus pedunculatus), plantain (Plantaga 
lanceolata), sulla (Hedysarum coronarium) and lucerne (Medicago sativa). The plants were harvested 
at the flowering stage and leaf samples were analysed for chemical composition, condensed tannin 
concentration and structural features, before being incubated in rumen fluid for 24 hours. Lucerne was 
used as negative control (without tannins) and an additional polyethylene glycol (PEG) treatment was 
included, to inactivate tannins and link any effect on fermentation characteristics to tannin activity only. 
A strong variability across the species (P<0.0001) was observed on methane emissions. Sulla had the 
highest antimethanogenic potential and decreased methane emissions by 47% compared to lucerne. 
All species rich in CTs decreased both methane and total gas production, yet the PEG treatment did 
not alter the methane proportion in the total gas produced. In addition to CT concentration (R= -0.78), 
methane emissions were found to be negatively correlated with the CT structural features, prodelphinidin 
percentage (R= -0.6) and mean degree of polymerisation (R= -0.57). This study demonstrated that 
antimethanogenic potential of forages depends on CT concentration as well as on structural features and 
incorporating them in the studies can efficiently assess their impact on ruminant nutrition.

Introduction
Incorporating tannin containing forages in ruminant 
feed has been found to benefit animal health by 
improving nutrient utilisation, reducing incidences 
of bloat and parasitic burden. Concomitantly, 
they have have the potential to reduce methane 
emissions (Mueller-Harvey 2006). The latter is very 
important from an environmental perspective, as 
methane is a potent greenhouse gas and it has been 
calculated that 20% of the radiative forcing since 
1750, are resulted from methane emissions, which 
are largely generated from enteric fermentation 
in ruminants (Thorpe 2008). Although, a number 
of studies have analysed the antimethanogenic 

potential of these forages, studies incorporating 
structural features of tannins and structure-
activity relationships are limited. Astringency 
of tannins is usually measured with their ability 
to form complexes with macromolecules such as 
proteins. It is crucial to understand CT-protein 
interactions and their impact on biological systems 
as when supplied in excessive quantities, they are 
found to exert antinutritional effects by reducing 
palatability and digestibility of the feed (Zeller 
2019). As, CTs are vastly diverse even within 
individual plants, characterisation is usually 
done by analysing their structural features such 
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as the mean degree of polymerisation (mDP) and 
prodelphinidin percentage (PDP) (Adamczyk et 
al., 2011; Mueller-Harvey et al., 2017). Affinity of 
CTs to bind proteins has been found to increase 
with polymer size (mDP), as well as with 
increasing PDP, but so far it has rarely been tested 
how these structural characteristics affect methane 
formation in ruminants (Naumann et al., 2017; 
Aboagye and Beauchemin 2019). In this study a 
range of CT containing temperate forages with 
promising agronomic potential were grown under 
constant climatic conditions. The forages were 
subsequently analysed for their antimethanogenic 
potential and CT composition. Hence, the aim of 
our study was to determine to which extent these 
structural characteristics influence the methane 
abatement potential. 

Materials and methods 
A greenhouse experiment was conducted with 
five CT containing species, namely Hedysarum 
coronarium (HC), Lotus corniculatus (LC), Lotus 
pedunculatus (LP), Onobrychis viciifolia (OV) 
and Plantago lanceolata (PL). Medicato sativa 
(MS) was used as a tannin-free negative control. 
Plants were grown in 24x24x40 cm (LxWxH) 
flower pots with five plants per pot. The total of 
24 experimental pots were arranged in a complete 
randomised design (6 species x 4 replicates). 
Harvesting was done at the flowering stage and 
plants were separated into leaves, stems and 
flowers, before being freeze dried and stored at 80 
℃ to maintain structural integrity of CTs. Samples 
were ball milled and subsequently extracted with 
80% aqueous acetone solution and analysed with 
UPLC-MS/MS system as described in the protocol 
by Malisch et al., (2015). In addition to quantifying 
polyphenol and tannin concentration, this method 
also analysed structural features of CT such as 
PDP and mDP. Antimethanogenic potential of the 
species was analysed using the Hohenheim gas test 
(Menke 1988), an in vitro fermentation technique 

using in 6 replicates (2 consecutive days of 3 
replicates). To separate the effect of tannin from 
forage quality effects or other bioactive compounds 
present in the plants, a treatment including 
polyethylene glycol (PEG) was added, as PEG 
precipitates the CT and allows the quantification 
of methane emissions in absence of CT. Total gas 
and methane production were measured after 8 
and 24 hours of incubation. An infrared methane 
analyzer (Pronova Analysentechnik GmbH & 
Co. KG, Berlin, Germany) was used to measure 
methane concentration in the total gas (Jayanegara, 
Makkar, and Becker 2015). Statistical analysis of 
the data was performed using R programming 
language. The effect of the factors was determined 
using linear mixed effect model with species, 
treatment and their interaction as fixed factors 
with pot and replicates used as random factors. 
Pearson correlation formula was used to determine 
the association between methane production and 
structural features of CT. 

Results and Discussion
Condensed tannin concentration and structural 
characteristics across the forage species

The distribution of CT composition in the leaves 
varied widely among species (P< 0.05) and ranged 
from 0% in MS and PL to 2.6% in HC (Table 
1). The concentration of CT and its structural 
characteristics for the plants overlapped with the 
values reported in previous studies for OV, HC, LC 
and LP (Piluzza et al., 2000; McNabb et al., 1993; 
Malisch et al., 2015). PL and MS leaf extracts 
were void of CTs and had only minor polyphenol 
concentrations. Condensed tannins in plantain are 
reportedly within the range from 0.4 -1% (Stewart 
1996). 

Table 1: Polyphenol and condensed tannin 
concentration across the species, as well as 
the mean degree of polymerization (mDP) and 
prodelphinidin percentage (PDP) of condensed 
tannins

Plant
Total polyphenols 

(mg/g DM)

CT  

(mg/g DM)

mDP

(n)

PDP 

(%)
HC cv. Sudda 25.5  ±  2.8 25.2  ±  2.8 19.3 ± 1.3 91 ± 1 
LC cv. Bull 3.1  ±  1.1 2.3  ±  1.1 9.7 ± 1.0 33 ± 8 
LP cv. Lot 29 21.4  ±  2.2 19.9  ±  2.3 16.7 ± 0.2 91 ± 2 
MS cv. Galaxy 0.2  ±  0.1 NA NA NA
OV cv. CPI 
63750 20.2  ±  1.7 17.0  ±  1.2 14.3 ± 0.7 83 ± 4 

PL cv. PLA60 0.6  ±  1.3 NA NA NA
Antimethanogenic potential of the forage species 
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A significant effect (P< 0.0001) of PEG treatment 
as well as the species was observed on total gas, 
methane production and proportion of methane 
in total gas (Table 2). With the addition of PEG, 
total gas production of all tannin containing 
species were similar to MS, indicating that forage 
quality at the flowering stage in absence of CT has 
a negligible effect on digestibility across species. 
In the absence of PEG, CTs from sulla and big 
trefoil were able to decrease methane emissions 
by 44 and 31% respectively. However, in both the 
species there was a concomitant decrease in total 
gas production, indicating their negative effect on 
ruminal fermentation. This is in accordance with 
previous findings, in which both HC and LP have 
been reported to possess anti nutritional effects 
when supplied as a sole diet, due to their high 
tannin concentration (Douglas and Foote 2000; 

Tavendale et al., 2005). Methane suppression by 
OV in absence of PEG was comparatively less than 
former species i.e. 17%. These findings confirm 
that the antimethanogenic potential of these species 
is a direct result of their CTs (Jayanegara, Makkar, 
and Becker 2015). However, despite its absence of 
CTs, PL leaves produced the lowest methane and 
total gas emissions, and in line with the absence 
of CTs, the PEG treatment had no effect. This is 
probably due to presence of bioactive compounds 
in PL such as aucubin acetoside and catapol. These 
compounds are found to possess antimicrobial 
property and can influence ruminant fermentation 
(Stewart 1996; Navarrete et al., 2016). 

Table 2: In vitro total gas, methane emissions and 
methane proportion in total gas produced during 
in vitro fermentation of temperate forage species 
with or without the addition of polyethylene glycol 
(PEG). 

Plant
Total gas Methane Methane in total gas (%)

No PEG With PEG No PEG
With 
PEG No PEG With PEG

HC cv. Sudda 121.82 Bb 225.28 Bca 28.12 Eb 50.43 Ca 23.23 Aba 22.42 Aa
LC cv. Bull 226.23 Aa 238.36 AB 54.52 Aa 55.84 Aa 24.16 Aa 23.48 Aa
LP cv. Lot 29 132.86 Bb 215.69 Ca 33.61 Bb 49.32 Ba 25.77 Aa 23.07 ABa
MS cv. Galaxy 225.28 Ab 241.2 Aa 54.04 Aa 54.53 Aa 24.02 Ab 22.6 Aa
OV cv. CPI 
63750 212.97 Ab 247.92 Aa 47.14 Ca

51.36 
ABCa 22.19 Bb 20.7 BC

PL cv. PLA60 220.11 Aa 226.8 BCa 41.94 Da 44.6 Ba 19.09 Ca 19.61 Ca

 Different upper-case letters denote the differences 
between cultivars for each treatment, while 
different lower-case letters denote differences 
between treatments for each species. Column 
means without a common superscript differ (P< 
0.05).

As hypothesized, among the CT containing 
species, those with high CT concentration, as well 
as high mDP PDP (LP and HC) had the highest 
antimethanogenic potential, which was clearly 
linked to CT by the difference between methane 
emissions with and without PEG.  

Figure 1: Correlation between CT concentration and composition with methane production.
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Consequently, correlations were conducted 
between the produced methane and the CT 
concentration of the species resulted in a 
negative correlation with R of 0.79 (P< 0.0001). 
Prodelphinidin percentage (R = -0.6, P< 0.0001) 
and mDP (R= -0.57, P< 0.0001) were negatively 
correlated to methane production (Figure 1). 
The correlation coefficients strongly suggest 
that CT structural characteristics in conjunction 
with its concentration, play an important part in 
determining the extent of methane suppression. 
This is in accordance to the study by Hatew et al., 
(2015), where the differences in PD percentage 
were found to be an important source of variation 
in methane production for sainfoin cultivars. 

Conclusion
In vitro techniques are useful screening tools 
in understanding the potential impact of CTs 
on ruminant nutrition. The extent of methane 
reduction varied greatly across the species and 

could be attributed to both CT concentration and 
their structural features. The assessment of their 
structural features and bioactivity is important in 
order to strategically decrease methane emissions 
in ruminants while preventing their negative 
impact on animal productivity. Consequently, 
a large degree of the variability in previous 
findings can likely be traced back to the missing 
characterisation of the CTs structural features. 
However, the simultaneous reductions in total gas 
will make  the in vivo trials necessary, to identify 
the impact on the production from potentially 
reduced forage digestibilities. 
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Red clover improves the energy to protein balance of lucerne-grass herbage 
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Abstract
Low ratio of readily fermentable carbohydrate to soluble protein concentrations in lucerne (Medicago 
sativa L.) leads to inefficient use of herbage N by ruminants. To improve the energy to protein balance 
in lucerne-grass herbage, four proportions of lucerne:red clover (Trifolium pratense L.) were compared 
in mixtures with and without grasses: timothy (Phleum pratense L.) and tall fescue (Schedonorus 
arundinaceus Schreb. Dumort.) in Quebec (QC, Canada). In the first post-seeding year, red clover 
proportion averaged (across grasses and four harvests) 0, 37, 59, and 74% in herbage mixtures. Increasing 
the proportion of red clover caused a slight but significant decrease in herbage total nitrogen (TN) 
concentration (32 to 31 g kg-1 DM) but substantial decreases in non-protein N (PA), rapidly (PB1) and 
moderately (PB2) degraded protein fractions, and a significant increase in the slowly degraded protein 
fractions (PB3+PC) (157 to 308 g kg-1 TN). With the inclusion of 74% of red clover, the ratio of soluble 
sugar to crude protein (CP) in herbage increased from 0.25 to 0.36 because of the increase in the soluble 
sugar concentration (48 to 66 g kg-1 DM). The inclusion of red clover in mixture with lucerne improved 
the energy to CP balance compared to lucerne alone, and caused a linear increase in the herbage in vitro 
neutral detergent fiber digestibility from 568 to 639 g kg-1 aNDF with similar herbage dry matter yield 
(10.3 Mg ha-1).

Introduction
Optimizing N use efficiency (NUE) in the rumen 
is at the core of dairy farm profitability while 
minimizing environmental impacts of dairy cattle 
production, especially when cows are fed mostly 
herbage. Herbage legume and grass N is found in 
protein and non-protein N compounds. Excessive 
degradation of herbage protein in the rumen can 
lead to reduced NUE by the cow. In situations 
where energy is limiting, rumen microorganisms 
will use protein degradation products as a source 
of energy thus releasing ammonia, which can then 
be lost after excretion (Kingston and Theodorou 
2000). With sufficient energy in the rumen, herbage 
N compounds are incorporated into microbial 
proteins, which can then be used by lactating 
cows therefore reducing the potential for N losses 
through urea (Fox et al., 2004). Consequently, 
to optimize ruminal NUE, rumen energy and N 
concentrations must be properly balanced.

Carbohydrates, the primary source of energy 
for ruminant, are essentially classified as non-
structural and structural. Degradability of starch 
depends on size and shape of molecules, but 
soluble sugars are the most readily available 
carbohydrates (Lanzas et al., 2007). Total nitrogen 
(TN) is present in several protein fractions which 
can be categorized as non-protein nitrogen (PA), 
quickly degraded protein (PB1), intermediately 
degraded protein (PB2), slowly degraded protein 
(PB3), and unavailable protein (PC). While it is 
simple to estimate NUE as soluble sugar/CP ratio 
(Parsons et al., 2011), CP may be misleading 
because it includes slowly degraded (PB3) and 
non available proteins (PC) which are not as 
good indicators of N efficiency (Fox et al., 2004). 
Therefore, ratio involving specifically PA+PB1 
fractions would better predict the synchrony of 
readily available carbohydrates and N compounds 
in rumen.
Lucerne, the most widely grown herbage 
legume in Canada, has relatively low readily 
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fermentable carbohydrate concentration and 
high soluble protein concentration. Red clover 
could be expected to increase the energy to N 
balance in alfalfa dominated herbage because of 
his high concentration of soluble sugars (Sousa 
et al., 2020). In addition, red clover contains 
polyphenol oxidase (PPO) which reduces protein 
degradability in the rumen (Hart et al., 2016), thus 
potentially increases the (soluble sugars+starch)/
(PA+PB1) ratio by lowering the proportion of 
the PA and PB1 fractions. Our objective was to 
evaluate the potential of improving the energy to 
protein balance of lucerne-based herbage mixtures 
through the addition of red clover.

Materials and methods 

Experimental plots were seeded in 2017 at Saint-
Augustin-de-Desmaures, QC, Canada (46 48’N, 71 
23’W). A total of 12 treatments were established as 
the combination of four proportions of lucerne:red 
clover (100:0,75:25, 50:50, and 25:75) times 
three grass treatments (no grass, timothy, and 
tall fescue). Plots were assigned to a randomized 
complete block design with four replications. In 
the seeding year, P and K fertilizers were applied 
at seeding based on soil test recommendations for 
lucerne grass mixes. Following the first harvest 
in the seeding year, 40 kg N ha-1 was applied to 
all plots to stimulate tillering of grasses. No N 
fertilizer being applied in the post-seeding year.

Here we report results from the first post-seeding 
year. Herbage was harvested four times at the late-
bud stage of lucerne from 0.6×5 m plot areas at 
a 7-cm height using a flail mower and weighed. 
Samples of approximately 500 g were weighed 
fresh, dried, and reweighed to determine DM 
yields. Dried herbage samples were ground to pass 
through a 1-mm screen using a Wiley mill (Arthur 
H. Thomas Co., Philadelphia, PA) and preserved 
for laboratory analysis. Botanical composition 
of the herbage was determined by pre-harvesting 
herbage from a permanent quadrat (50×50 cm) in 
each plot. After sampling, each seeded herbage 
species and weeds were separated by hand and 
dried to determine their contribution to yield on a 
dry matter basis.

All herbage samples were scanned by visible near-
infrared reflectance spectroscopy (VNIRS) using 
a Foss DS6500 monochromator. A calibration and 
validation set of herbage samples was selected 
and chemically analysed for ash, crude fat (CF), 
neutral detergent fiber assayed with a heat stable 
α-amylase and sodium sulfate (aNDF), neutral 
detergent insoluble crude protein (NDICP), total 
N (TN), crude protein (CP=TN×6.25), in vitro 

true digestibility of dry matter (IVTD), in vitro 
NDF digestibility (NDFd), total carbohydrates 
(TC=1000-CF-CP-ash), structural carbohydrates 
(SC=aNDF-NDICP), non-structural carbohydrates 
(TC-SC), and protein fractions (PA, PB1, PB2, and 
PB3+PC) as described by Simili da Silva et al., 
(2013). Soluble sugars and starch were analysed 
by high-performance liquid chromatography 
following Bertrand et al., (2018). All nutritive 
attributes were then predicted by VNIRS for all 
hebage samples and the energy/protein ratios were 
calculated from predicted values.

Nutritive attributes were weighted for DM yield 
observed at each harvest as a proportion of the 
seasonal yield. Data were analysed with the 
MIXED procedure of SAS (SAS institute, Cary) 
in a model including block as random effect 
along with grass, red clover proportion (RC), 
and grass×RC interaction as main effects. As 
there was no grass×RC interaction, data from the 
three grass treatments were averaged. Polynomial 
contrasts were used to compare proportions of 
red clover. Only significant effects are discussed 
with emphasis herein the response to red clover 
proportions.

Results
Dry matter yield and botanical composition
Red clover proportions in mixtures during the 
first post-seeding year averaged 0, 37, 59, and 
74% among treatments (Table 1). They differed 
from the seeding proportions but incremental red 
clover proportions in mixtures were established 
as indicated by the significant linear response. 
Herbage yield per cut as well as seasonal herbage 
yield did not differ among red clover proportions, 
averaging 2.6 and 10.3 Mg DM ha-1, respectively.

Herbage digestibility
In vitro true digestibility (IVTD) of dry matter 
increased linearly from 834 to 857 g kg-1 DM and 
neutral detergent fiber digestibility (NDFd) from 
568 to 639 g kg-1 aNDF with an increase in red 
clover proportions from 0 to 74% (Table 1).

Carbohydrates
Herbage total and non-structural carbohydrate 
concentrations increased linearly with red clover 
proportions from 664 to 679 g kg-1 DM and 309 
to 343 g kg-1 DM, respectively. Soluble sugar 
concentration increased from 48 to 66 g kg-1 DM 
but in a quadratic manner. In contrast, structural 
carbohydrate and starch concentrations decreased 
from 355 to 336 g kg-1 DM and 43 to 32 g kg-1 
DM, respectively, with an increase in red clover 
proportions.

Proteins
All nutritive attributes related to proteins (i.e., TN, 
PA, PB1, PB2, and PB3+PC) were significantly 
affected by an increase of the red clover proportion 
in lucerne-based herbage mixtures (Table 1). 
Concentrations of PA, PB1 and PB2 decreased 
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with an increase in red clover proportion; this decrease ranged from 284 to 234 g kg-1 TN for PA, 155 to 
111 g kg-1 TN for PB1, and 404 to 348 g kg-1 TN for PB2. On the other hand, the PB3+PC concentration 
increased from 157 to 308 g kg-1 TN with an increasing proportion of red clover.

Table 1. Effects of increasing the red clover proportion (RC) in lucerne-based mixtures on herbage yield 
and nutritive attributes in a first post-seeding year at Saint-Augustin-de-Desmaures, QC (Canada)

Red clover at seeding (RC, 
%) P-value

Variables 0 25 50 75 SEM RC Lin Quad

Lucerne proportion (%) 90 58 34 21 3 <0.01 <0.01 0.60
Red clover proportion (%) 0 37 59 74 3 <0.01 <0.01 0.93
Yield per cut (Mg DM ha-1) 2.6 2.6 2.5 2.6 0.1 0.85
Seasonal yield (Mg DM ha-

1) 10.4 10.5 10.1 10.2 0.4 0.85
Digestibility
IVTD (g kg-1 DM) 834 844 850 857 2 <0.01 <0.01 0.48
NDFd (g kg-1 aNDF) 568 616 626 639 5 <0.01 <0.01 0.05

Carbohydrates (g kg-1 
DM)
Total 664 674 675 679 2 <0.01 <0.01 0.44
Structural 355 348 339 336 4 <0.01 <0.01 0.62
Non-structural 309 326 337 343 4 <0.01 <0.01 0.99
aNDF 389 398 394 397 3 0.08
Soluble sugars (SS) 48 53 60 66 1 <0.01 <0.01 0.02
Starch 43 35 33 32 1 <0.01 <0.01 0.10

Proteins
Total N (TN, g kg-1 DM) 32.3 32.0 31.5 30.7 0.3 <0.01 <0.01 0.08
PA (g kg-1 TN) 284 261 244 234 3 <0.01 <0.01 0.63
PB1 (g kg-1 TN) 155 134 117 111 4 <0.01 <0.01 0.97
PB2 (g kg-1 TN) 404 368 358 348 5 <0.01 <0.01 0.29
PB3+PC (g kg-1 TN) 157 237 281 308 6 <0.01 <0.01 0.48

Ratios
SS/Crude protein 0.25 0.28 0.32 0.36 0.01 <0.01 <0.01 0.02
(SS+Starch)/(PA+PB1) 1.1 1.2 1.4 1.5 0.1 <0.01 <0.01 0.03

Carbohydrate/protein ratios
An increase in all energy/protein ratios was observed as the proportion of red clover in the herbage 
mixture increased, but more importantly for RC proportions greater than 50% (Table 1). The soluble 
sugars/CP and (soluble sugars+starch)/(PA+PB1) ratios increased from 0.25 to 0.36, and 1.1 to 1.5, 
respectively.

Conclusions/Implications
Past studies have suggested that an increase in herbage carbohydrate to protein ratio can potentially 
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improve N utilization by rumen bacteria and 
hence increase N use efficiency (Parsons et al., 
2011). Our hypothesis was that this ratio could be 
improved by the inclusion of red clover in lucerne-
based mixtures, due to its greater concentration of 
soluble sugars and lower protein degradability 
when compared to lucerne.
Our results confirm that increasing the red 
clover proportion increased the soluble sugar 
concentration along with the non-structural 
carbohydrate fraction in lucerne-based mixtures. 
However, the increase in the red clover proportion 
reduced the starch concentration in the mixture. 
Sousa et al., (2011) also observed a greater 
concentration of soluble sugars in red clover than 
lucerne (62.2 vs 36.7 g kg-1 DM).
Increasing the proportion of red clover caused 
a slight but significant decrease in herbage total 
nitrogen (TN) concentration, substantial decreases 
in non-protein N and rapidly and moderately 
degraded protein fractions, and a significant 
increase in the proportion of slowly degraded 
and unavailable protein fractions. Similar results 
were obtained by Sousa et al., (2020). This 
change in protein fractions strongly suggests 
that PPO presents in red clover did lower protein 
degradability in the herbage mixture. Past studies 

have already reported the action of PPO in red 
clover and its role in reducing protein degradability 
(Hart et al., 2016).
The addition of red clover in lucerne-grass herbage 
mixtures significantly improved their energy to 
protein ratios in the first post-seeding year, thus 
confirming our hypothesis. In addition, dry matter 
and NDF digestibilities increased linearly with 
the addition of red clover in the mixture with no 
negative impact on herbage yield during the first 
post-seeding year. Adding red clover to lucerne-
based herbage mixtures could be an approach 
to increase N use efficiency in dairy cattle by 
increasing soluble sugars and reducing protein 
degradability with the added benefits of improving 
herbage digestibility and not affecting herbage 
yield.
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Abstract
Smallholder dairy farmers produce more than 54% of the total milk produced in Kenya. These are 
farmers with less than 10 cows and 10 hectares of land. Due to land scarcity, high yielding fodder crops 
are grown and fed to the dairy cows in a cut-and-carry system. However, these farms are characterized 
by low milk production (1,400 litres per lactation), long calving intervals (<600 days) and high calf 
mortality (< 24%) due to inadequate feeding. Napier grass (Cenchrus purpureum Syn. Pennisetum 
purpureum) is the main fodder crop grown by smallholder farmers due to its high fodder yield and 
ease of establishment. The productivity of Napier grass however, has been seriously affected by Napier 
headsmut disease caused by Ustilago kameruoniesis and stunting cause by a mycoplasma. These two 
diseases have worsened the feed situation and efforts to identify alternative fodder crops are plausible 
and on-going on. One alternative under consideration is Megathyrsus maximus. Seventeen CIAT 
accessions, 3 commercial cultivars (Cv. Mombasa, Tanzania and Maasai) and 5 local ecotypes of M. 
maximus were established in KALRO Kakamega and their performance was compared on plant height, 
tillering and dry matter yield  (DMY). There was a large variation in plant height ranging 113 cm to 
70.5 cm from tiller base to the last leaf. The number of tillers varied from a low of 14 to 103 tillers/
clump. The accessions/cultivars/ecotypes can be divided into 3 distinct groups based on DMY. The yield 
varied from 120 to 1,000 g/clump.  In conclusion, there is enough variability among the M. maximus to 
allow for selection of suitable lines for the sub-humid region of western Kenya. However, more work 
is required to determine how materials would perform in different agro-ecological zones and develop 
agronomic practices for these M. maximus materials. 

Introduction
The livestock sub-sector supports livelihoods 
of a large number of rural households and is an 
important driver in poverty alleviation. In Kenya, 
the livestock sub-sector contributes 12 percent 
to the national GDP and about 42 percent of the 
agricultural GDP (aGDP). Further, smallholder 
dairy, a component of the livestock sub-sector in 
Kenya and contributes 14 percent of the aGDP 
and 6 percent of the national GDP (USAID/
GOK 2006; IFAD 2006).  The smallholder dairy 
producers own 80 percent of the dairy cattle and 
produce 54 percent of total milk produced in 
the country (Peeler and Omore 1997).These are 
farmers with less than 10 cows and 10 hectares 
of land. Due to land scarcity, high yielding fodder 
crops are grown and fed to the dairy cows in a 
cut-and-carry system. However, these farms are 
characterized by low milk production (1,400 
liters per lactation), long calving intervals (<600 
days) and high calf mortality (< 24%) due to 
inadequate feeding (Njarui et al 2006). Napier 

grass (Cenchrus purpureum) is the main fodder 
crop grown by smallholder farmers due to its high 
biomass yield and ease of establishment. However, 
the productivity of Napier grass has been seriously 
affected by Napier headsmut disease caused by 
Ustilago kameruoniesis and stunting cause by a 
mycoplasma (Kabirizi et al 2015, Mwendia et al 
2006)). These two diseases have negative effect 
on roughage production warranting seeking for 
alternative fodder crops. We therefore sort to 
evaluate a number of M. maximus to identify best 
bets with potential to address the gap.

Materials and Methods
Location, soils and climate

A study was carried out at the Kenya Agricultural 
and Livestock Research Organization Centre in 
Kakamega. The site is located in the western part 
of Kenya latitude N 00O 16.962’ and longitude 
E 034O46.073. The sites has a bimodal rainfall 
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with the main season from April – June and the 
second from September to November with an 
annual rainfall of 1,200 mm. The annual mean 
temperature is 20.5oC with a day temperature of 
30.8oC dropping to 9oC during the night. Soils are 
deep well weathered with pH 5.5, low organic 
carbon of less than 2%, high bulb density and low 
in basic cations.

Description of Accessions and plant 
management

Thirty six apomictic accessions and ecotypes 
of Megathyrsus maximus (formerly Panicum 
maximum) were evaluated on height, tiller 
numbers and dry matter yield. These included 17 
CIAT accessions, 16 locally collected ecotypes and 
3 commercial cultivars. The seeds were planted 
in a greenhouse on the 26th March 2019 and 
transplanted to the field on 9th April 2019. Each 
accession/ecotype was planted in a single row with 
a spacing of 50 cm between plants. The spacing 
between rows was 1 m. The plot was kept weed 
free through manual weeding as necessary. The 
first cutting was carried out 60 days after planting. 
Data on plant height (m), number of tillers and dry 
matter yield (DMY) was collected from 10 clumps 
for each accession/variety/ecotypes. The plants 
were cut at 5cm stubble height and weighed for 
biomass yield. The material harvested from the 
10 clumps was mixed and a sub-sample of 1kg 
collected for dry matter and chemical analysis. The 
dry matter was determined by drying the sample in 

an oven at 60oC for 72 hours. Dry matter yield is 
calculated based on a population of 20,000 clumps 
per hectare. 

Data analysis 

Statistical analysis focused on Analysis of variance 
(ANOVA) following procedures of SAS version 
8E. 

Results
Plant Height

MK4 and MK3 had significantly taller plants than 
all the other accessions/ecotypes (Table 1). A total 
of 19 accessions/ecotypes had plant heights of over 
a meter. MK14 had the shortest plants among all the 
accessions/varieties/ecotypes. Cultivar Tanzania 
had taller plants than Maasai and Mombasa (Table 
1). CIAT 36000 had the tallest plants among the 
accessions. 

Dry Matter Yield

Accession CIAT 688 had the highest dry matter 
yield with a mean of 1 kg/stool (Table 1). A 
number of accessions had DM yield higher than 
0.5 kg/clump; including cultivar Maasai, CIAT 
6944, CIAT 6095, CIAT 16057, CIAT 36000, 
MK1, MK3, MK4, MK6 (Table 1). Another 15 
accessions/ecotypes produced 0.2-0.1 Kg DM/
clump. 

Table 1: Plant height (cm) and dry matter yield 
(kg/stool) of Panicum Accessions in Kakamega

Accession/Ecotype Plant Height (cm) Dry Matter 
Yield  (Kg)

Calculated Dry Matter 
yield (t/Ha) **

CIAT 688 121.7bcdef 1.0a 20.0
CIAT 6944 88.0 0.57bcde 11.4
CIAT 6945 83.5 0.18ijkl 3.6
CIAT 16019 101.7fghijklmn 0.33 cdefghijk 6.6
CIAT 6849 77.2 0.12l 2.4
CIAT 16044 104.0efghijkl 0.42cdefghijk 8.4
CIAT 6095 98.3fghijklmn 0.65bc 13.0
CIAT 673 118.7bcdef 0.24 hijk 4.8
CIAT 622 105.7befghijkl 0.39 cdefghijk 7.8
CIAT 6954 92.8ghijklmno 0.46 bcdefg 5.2
CIAT 6497 102.9efghijklm 0.18 ijkl 3.6
CIAT 16005 82.9 0.17ijkl 3.4
CIAT 16057 108.7cbefghijk 0.60bcd 12.0
CIAT 6798 92.1hijklmno 0.26ghijkl 5.2
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Accession/Ecotype Plant Height (cm) Dry Matter 
Yield  (Kg)

Calculated Dry Matter 
yield (t/Ha) **

CIAT 36000 133.0abc 0.67bc 13.4
CIAT 16035 81.3 0.26 ghijkl 5.2
CIAT 6960 83.3 0.15jkl 3.0
MK1 126.4bcde 0.56bcde 11.2
MK2 131.2bcd 0.27efghijkl 5.4
MK3 141.5ab 0.51bcdefgh 10.2
MK4 157.7a 0.55bcdefg 11.0
MK5 84.8 0.28efghijkl 5.6
MK6 116.8bcdefgh 0.58bcd 11.6
MK7 75.4 0.12 jkl 2.4
MK8 116.2bcdefgh 0.25hijk 5.0
MK9 82.9 0.17 ijkl 3.4
MK10 107.2cdefghijkl 0.14 jkl 2.8
MK11 92.6hnklmno 0.20ijkl 4.0
MK12 70.2 0.27 efghijkl 5.4
MK13 93.8ghijklmno 0.24 hijk 4.8
MK14 104.0efghijklmn 0.41 cdefghijk 8.2
MK15 96.2fghijklmno 0.15 jkl 3.0
MK16 114.4cdefghij 0.44bcdefghi 8.8
Tanzania 127.6bcde 0.25 hijk 5.0
Maasai 113.9cdefghij 0.73a 14.6
Mombasa 96.5fghijklmno 0.32 cdefghijk 6.4
LSD 26.6 cm 0.29

Figures with the same superscript in a column do not differ 

LSD0.01 – Least Significant Different ** assuming 20,000 clumps/ha with a spacing of 50cm x 50 cm

Discussions Conclusions and Implications
The accessions can be divided into 3 groups based 
on DMY as follows; Group 1 with DMY 11-20 
t/ha (9 accessions), Group 2 DMY 5-10 t/ha (15 
accessions) and Group 3 with DMY 2.4 – 4.8 t/ha.  
Cultivars Mombasa and Tanzania had lower DMY 
yields than the 15.5 and 12.5 t/ha respectively 
reported from the Brazilian savannah (Fernarndes 
et al 2013). However, Maasai yield was similar to 
the 14.6 t/ha reported from the Brazilian savannah 
(Fernarndes et al 2013). Other accessions or 
ecotypes that had similar yields to those reported 
by other authors include CIAT 36000, CIAT 6095, 
CIAT 16057, CIAT 6944, CIAT 688, MK1, MK4 
and MK1. 

A number of the accessions produced high dry 

matter yield and are promising as suitable improved 
forage grasses in the humid region of western 
Kenya. More work is required under different agro-
ecologies and to develop the agronomic practices 
for these grasses in western Kenya. 
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Abstract

Megathermic grasses allow giving productive and environmental stability to the cattle raising system 
in the temperate region of Argentina, due to their high radical and aerial biomass production, increased 
water consumption, soil structuring and salt washing of the soil profile. Panicum coloratum var 
makarikariensi (cv Bambatsi, and cv Kapiviera) is a perennial grass of spring-summer growth, which 
could increase both the protein concentration and the yield of the grass if it’s grown in an association 
with legumes. We proposed to incorporate Lotus corniculatus, a perennial legume with spring-summer 
growth, which in spite of slow initial growth once implanted produces high competition and high 
persistence due to reseeding. The objective of this work was to systematically evaluate the productivity 
of P. coloratum and L. corniculatus sown alone or in mixture, managed with two remaining heights, 
and measuring leaf number and length, growth rate, primary production, forage quality (protein; 
neutral detergent fiber, NDF; total digestible nutrients TDN), normalized difference vegetation index 
(NDVI), and soil parameters (pH, N, P, organic C: initial condition and one a year from the on). The 
experiment was a randomized complete block with three repetitions; differences among treatments were 
stated using ANOVA. Kapiviera had greater production in May, due to a higher proportion of roots 
allowing an increment of quantity and quality of the organic matter of the soil, improving its structure. 
Panicles appeared earlier in Bambatsi, therefore Kapievara was livestock quality forage for a longer 
period. Total dry matter accumulation of Panicum was 8961.1 kg / ha, excellent productivity. When 
production decreased, there was an increase in Lotus productivity, reaching two months at 1488.9kg / 
ha accumulated. The Panicum + Lotus association has been successful due to compensating maximum 
production peaks of the different species, allowing a sustained contribution of dry matter production.

Objective 
To evaluate the behavior of mega-thermal 
pastures of Panicum coloratum in south central 
Santa Fe, through coverage throughout the year, 
the proportion of roots, leaves and stems, the 
production of the total supply and by components 
in Kg. DM / ha, the quality of the total supply and 
by component percentages of crude protein (CP), 
neutral detergent fiber (NDF), acid detergent fiber 
(ADF), ashes and the production of seeds of both 
cultivars.

Materials and Methods 
Study Site

The experiment was conducted in the laboratories 
and in the JF Villarino Experimental Field, 
Zavalla, Santa Fe (33ºS, 61ºW) of the Faculty of 
Agrarian Sciences, National University of Rosario, 

Argentina., On a vertic Argiudol soil, with 35 ppm 
P, 3% MO,

a) In the laboratory:

150 5-liter pots were planted. The dry matter 
evaluation of the aerial and radical part of the 
species under study was carried out, from 88 days 
after sowing every 30 days for 6 times, 

c) In the field plots:

The experimental design used is a randomized 
complete block with three replications. Each block 
or repetition has an area of 37.5 m² (5 m x 7.5 m), 
with 3 plots of 12.5 m² (5 m x 2.5 m) corresponding 
to each of the treatments. The cuts (0.5 m²) were 
made in the center of each plot in order to avoid 
the edge effect. Analysis of variance (ANOVA) to 
determine the existence of statistical differences 

mailto:msacido@hotmail.com
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between treatments (α = 0.05). Subsequently, the 
Tukey’s minimum significant difference mean 
comparison test was applied, with a significance 
level of α = 0.05. The INFOSTAT software will be 
used (Di Rienzo et al., 2011).

Evaluations: On March 8, 2016, the plants were 
transplanted to Lot 4 and it was done at a distance 
of one meter between rows, and the same distance 
between plants in the same row. This is considered 
“isolated plants Samples were taken on June 8 and 
19, and August 11 and 16. In total, 7 traps were 
placed in the commercial material, and 4 in the 
improved material, the number of traps placed 
in each cultivar was only due to the presence of 

inflorescences at that time, which were more 
abundant in the commercial material. Then, in 
October, the traps were again accommodated in the 
new panicles (that is, from the regrowth), placing 
an inflorescence for each one of them and it was 
in November that the seeds began to be collected 
again. This, until the month of December, could 
only be done in one of the cultivars, cv. Bambatsi, 
since in cv. Kapivera had no panicles emerged for 
trapping.

Results and Discussion
Graph Nº 1: Dry weight of the whole plant over 
time of both cultivars (Plants in pots)

Both cultivars of P. coloratum had the same initial behavior, but after 160 days, the cv. makarikariense 
accumulated more root and aerial biomass.

Graph 2: Aerial and radical biomes accumulated throughout the cycle of P. coloratum 

          

    cv Kapivera (a),                                                  
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    cv. Bambatsi (b)

The cultivar Kapiviera presents higher production in May, due to a higher proportion of roots, a situation 
that over time, despite the recovery of Bambatsi, does not overcome it, it would allow increasing the 
quantity and quality of soil organic matter, improving its structure. . On the other hand, the accumulated 
underground DM per plant, in a similar way to that reported by other authors (Mouselet al., 2005), was 
reduced with frequent defoliation. After a defoliation event, carbon is assigned mostly to the production 
of leaf tissue (Briske and Richards, 1995), affecting root growth. In defoliated bluegrass plants 
(Bouteloua gracilis (Willd. Ex Kunth) Lag. Ex Griffiths), for example, it was found that 53% of the 
growth corresponded to leaf tissue and only 18% to roots, compared with 33% and 29 %, respectively, in 
control plants (Detling et al., 1979). As a consequence, the results found suggest that frequent defoliation 
could affect the exploratory capacity of the roots and, thus, the extraction of water in deep soil horizons. 

The latter would increase the sensitivity to drought in semi-arid environments and, in addition, could 
decrease the storage of organic C in the soil.

Graph 3: ratio of root/aerial biomass to average temperature
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Here we can observe the relationship that exists 
between the weight (grams) of the root biomass and 
the aerial biomass, differentiating two moments 
throughout the year. The proportion of roots 
deposited by the plant in the months of November 
to June is 1.22 (± 0.11) and in the months of July to 
October the proportion is 0.88 (± 0.06).
In the figure it marks how the proportion of 
root / aerial biomass accompanies the average 
temperatures. (Something else to put)

Pearson’s correlation analysis was carried out for 
each proportion separately and it shows a positive 
relationship greater than 70% in each case.

The relationship between total biomass production 
(aerial + radical) is directly correlated by aerial 
biomass production,

Conclusion
The annual production achieved is 1600 to 2000 
kg DM / ha / year. Protein 6 and 6.3%, in the 
different years and months. It contributes quantity 
and quality to the animal diet during the summer.
The Bambatsi cultivar is earlier in terms of 
inflorescence production, with Kapiviera being 
later, which would allow a longer time for the use 
of quality forage by cattle. It can be concluded 
that the Kapivera INTA cultivar would present 
advantages of greater accumulation of biomass for 
the same time and greater% of protein throughout 
the year, which would ensure not only a greater 
supply of forage, but that the accumulation in 
roots would allow having reserves for regrowth 
after the first year. Constant seed fall until week 
five. Subsequently, noticeable difference in the 
dehiscence process Greater seed harvest -The data 
presented here show that the species Panicum 
Coloratum, cv Kapiviera, expresses a better 
behavior in this environment

References
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Abstract
Forages make up a large part of the feed requirements of beef cattle, and grazing remains the most 
economical form of feed delivery. However, several years after pasture establishment, forage 
productivity and longevity usually decline. Maintaining productive forage stands in the long 
term becomes a major challenge that beef producers face. A 3-yr on-farm study was conducted 
to determine the comparative effects of several pasture rejuvenation methods, such as spraying 
of herbicides to control weeds and brush, Spray herbicide + direct seed in spring (RSS), forage 
seeding methods, fertilizer application (FERT), and pasture rest as well as aeration/spiking 
in fall (AF) and aeration/spiking in spring (AS) on forage dry matter (DM) yield and forage 
quality. Breaking & reseeding (B&R), which is a grassland renovation method, was compared 
to these four pasture rejuvenation methods.  A no treatment method (control) was included for 
comparison. Three years after treatments were implemented, pasture rejuvenation methods did 
significantly affect (P<0.05) grass botanical composition but did not significantly influence 
(P>0.05) total DM yield and legume botanical composition. The only method that involved 
land cultivation and reseeding (B&R) showed higher total input costs than other methods. 
Overall, RSS as well as AS, AF and FERT had greater 2-year total forage production, revenue 
and returns, and profit over control than the other treatment methods.
Introduction
Years after establishment, the productivity, 
quality and longevity of pastures usually 
declines as a result of reduced plant stand 
vigor and loss of productive forage species. 
This is mostly a consequence of seasonal 
drought, pests, weeds, brush invasion and 
overgrazing in pastures. Controlling weeds and 
brush in pastures will restore pasture health 
and productivity, and improve and sustain 
forage quality (Bradley and Kendig 2004). 
Rejuvenation can be a pasture management 
strategy for rapid improvement of existing 
and/or depleted forage stand/pasture that can 
bring new vigor or usefulness to a pasture and 

thereby restore it to its original state. Breaking 
and reseeding old forage stands is the traditional 
method of pasture rejuvenation, but this can 
be a complex and costly challenge, as well as 
time consuming for producers (Omokanye et 
al., 2018). The high costs associated with the 
traditional method has encouraged livestock 
producers to search for alternative strategies 
and technologies for improving and sustaining 
pastures. In western Canada, several methods 
of rejuvenation have been investigated 
for the purpose of increasing pasture and 
livestock production and these include: 
grazing management during growing season), 
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bale grazing during winter season, fertilizer 
application, direct seeding of legumes into an 
existing pasture and pasture resting (Durunna 
et al., 2015; Jungnitsch et al., 2011; Kemp 
et al., 2000; Khatiwada 2018; Lardner et al., 
2000; Omokanye et al., 2018). However, most 
of these studies have only examined a few 
methods at a time. The objective of this study 
was to investigate several methods of pasture 
rejuvenation at the same time to enable a 
proper assessment of different methods on-
farm. 

Materials and methods 
From 2016 to 2018, an on-farm study was 
conducted at Oyen (51°21′N, 110°28′W; 
770 m), Alberta Canada. The initial 
(before treatments) surface soil (0-15 cm) 
characteristics showed a pH of 6.4, an organic 
matter of 1.4% and an electrical conductivity 
of 0.16 dS/m. Soil texture was sandy loam. 
The soil group/natural sub-region is brown 
chernozemics/dry mixed grass. The site has a 
subarctic climate (also called boreal climate), 
which is characterized by long, usually very 
cold winters, and short, cool to mild summers. 
The pasture had been established for over 15 
years before the study and consisted of tame 
hayland: [mainly: bromegrasses (Bromus 
biebersteinii), alfalfa (Medicago sativa) and 
June grass (Koeleria macrantha), Frobes: 
Dandelion (Taraxacum officinale), Yarrow 
(Achillea millefolium).

The treatments were arranged in a randomized 
complete block design with 3 replications. The 
following 10 pasture rejuvenation methods 
were investigated:
1. Check (control): No treatment was done.
2. Summer rest (REST): Pasture rest in 2016 

only.
3. Broadcast seed + aerate/spike in spring 

(BSAS): Seeded at 12.35 kg/ha on June 
21, 2016

4. Broadcast seed + aerate/spike in fall 
(BSAF): Seeded at 12.35 kg/ha on 
October 27, 2016

5. Aerate/spike in fall (AF): October 27, 
2016.

6. Aerate/spike in spring (AS): June 22, 
2016

7. Spray GrazonTM herbicide + seed in 
spring (GRSEED): Sprayed GrazonTM at 
3.7 L/ha on June 8, 2016 and seeded at 
12.35 kg/ha on June 22, 2018

8. Fertilizer application (FERT), kg/ha: 
Broadcast 112 lb/ha N on June 20, 2016

9. Spray herbicide + direct seed in spring 
(RSS): Sprayed Roundup at 4.9 L/ha on 
June 8, 2016 and seeded forage at 12.35 
kg/ha on June 21, 2018.

10. Complete renovation method (B & R): 
Double disced and rototilled June 13, 
2016. Rototilled again June 2

0 and seeded forage mixture at 12.35 kg/ha on 
June 22, 2016

Plot size was 30 m x 30 m (0.09 ha). The 
forage seed mixture used consisted of 40% 
coated MB-A meadow bromegrass (Bromus 
riparius), 16% AC Grazeland alfalfa 
(Medicago sativa), 8% Dahurian wildrye grass 
(Elymus dahuricus), 7% slender wheatgrass 
(Elymus trachycaulus), 15% Kirk crested 
wheatgrass (Agropyron cristatum) and 15% 
Duramax tall fescue (Festuca arundi nacea). 
Direct seeding was done with a custom seed 
drill, 1.4 m in width with 0.28 m row spacing 
center to center paired rows 0.08 m apart and 
broadcast seeding was done with a Frontier, 
3-point hitch mounted spinner spreader.

Forage botanical composition (% grass and 
% legume) and forage dry matter yield were 
determined from a target area within a plot on 
done on July 6, 2016; July 11, 2017 and July 
13, 2018. The forage quality parameters (% 
DM bases) were determined in a commercial 
laboratory (A&L Canada Laboratories Inc.) 
using standard laboratory procedures for 
wet chemistry and near infrared reflectance 
spectroscopy (or NIRS). 

Direct input costs and output revenue (forage 
DM yield multiply by hay price) were used 
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to determine returns/ha. Hay price used was 
CAD $180/t of forage DM yield. Marginal 
returns was calculated as: revenue minus 
total input costs. Profit/loss over control was 
calculated as: marginal returns for a particular 
treatment minus marginal returns for control. 
Capital items including land costs and paid 
capital interest were not used for the partial 
budget analysis in this study. 

For the data analysis (GenStat statistical 
package (2009, 12thEdition), where ANOVA 
indicated significant treatment effects, the 
means were separated by the least significant 
difference (LSD) at the 0.05 probability level. 
Significant differences in the text refer to 
P<0.05. 

Results and Discussion
Botanical Composition and Forage Yield

In both 2017 and 2018, GRSEED recorded the 
highest amount of grasses than other methods 
(Table 1). In 2017, RSS, AF and BSAF 
showed significantly higher % legume than 
other methods. In 2018, BSAS showed some 
slight improvement in the amount of legumes 
present in the forage stands over the respective 
previous years.

In the year following treatments (2017), forage 
DM yield appeared to be far lower for AF and 
BSAS than their respective previous year 
forage DM yields (2016) (Table 9). In 2017, 
the control had significantly (P<0.05) higher 
yield than all pasture rejuvenation methods 
investigated. 

In the present study, no methods seemed to 
have any significant effects on total forge 
production than control. In 2018, the total 

rainfall from April-September was 164.8, 77.9 
and 92.3 mm lower than 2016, 2017 and long-
term average respectively. April-September 
of 2016-2018 appeared to be warmer than 
long-term average maximum temperatures, 
but April-September were much colder than 
long-term minimum temperatures (data not 
provided). The differences in weather observed 
particularly in 2017 and 2018 were thought to 
be responsible for the lack of any significant 
effect on forage production. The high sand 
component of the soil at study site would have 
compounded the effect of low precipitation 
due to the low water holding capacity of sand.  

Though weather was thought to have 
contributed to the lack of any significant 
forage DM yield improvement in the present 
study, other earlier reports have shown that 
some of the methods investigated here did not 
greatly improve pasture production as well. 
For instance, Lardner et al., (2000) found that 
aeration reduced forage DM yield at two sites, 
but had no effect at three other sites in the year 
following treatment. The effect of spiking 
showed only slightly greater increases in forage 
DM yield over the control in years 1 and 2, 
across all sites. Malhi et al., (2000) indicated 
that mechanical aeration was not consistently 
beneficial for pasture rejuvenation. The effects 
of applied dry fertilizer may only last for 2-3 
years (Omokanye et al., 2018, b; Lardner et 
al., 2000). Omokanye et al., (2018) did not 
observe significant improvements in forage 
DM yield following resting a pasture for a 
year. 

Table 1: Forage dry matter (DM) yields and 
forage botanical composition from 2016-2018 
for different methods.

 Forage DM yield  Forage composition (%)
Method (kg ha-1)  2016 2017 2018

 2016 2017 2018 Grass Legume Grass Legume Grass Le-
gume

Control 3345d† 3574a 3248a  54.9f 45.1d 76.6h 23.4bc 73.2b 26.8a

AF 3936b 2503e 3572a  47.3h 52.7b 66.5j 33.5a 66.9bcd 33.1a

AS 2669g 2115j 3564a  51.7g 48.3c 78.2g 21.8c 67.1bcd 32.8a
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B&R NA‡ 1798k 3440a  NA  NA 81.9e 18.1cd 72.5bc 27.5a

BSAF 5733a 2317h 3327a  86.2a 13.8i 65.4k 34.6a 59.5cd 40.4a

BSAS 1413i 1762l 3327a  62.7c 37.3g 79.8f 20.2c 62.7bcd 37.3a

FERT 2754f 2585c 3049a  62.1d 37.9f 84.9c 15.1d 63.4bcd 36.6a

GRSEED    NA 2584d 2716a   NA  NA 100a  100.0a

REST 2789e 2430f 3351a  45.1i 54.9a 72.8i 27.2b 56.9d 43.0a

RSS NA 2416f 3770a   NA  NA 61.8l 38.2a 72.4bc 27.6a

‡NA, not available because treatments had been sprayed out before forage harvest.
† Means within a particular column followed by different superscripts differ significantly 
(P<0.05).

Forage Nutritive value

Of the several forage nutritive value parameters 
measured, only forage crude protein (CP) and 
Mg were significantly affected (P<0.05) by 
pasture rejuvenation methods investigated. In 
2018, REST had significantly higher forage 
CP (except for AS) than other methods. The 
control was mostly in the bottom 2 for forage 
CP (data not provided).  In 2018, BSAF showed 
significantly higher forage Mg content than 
other pasture methods (except for AS, BSAS 
and FERT). REST had the lowest forage Mg 
content (data not provided). 

Partial budget analysis

For both production years combined (2nd and 3rd 
years after treatments), total forage production 
varied from 5084 kg ha-1 for BSAS to 6815 
kg ha-1 for control (Table 2). The revenue was 
highest for control (CAD $1232/ha). Most of 
the methods had > CAD $1000/ha in revenue. 
The 2 methods that involved land cultivation 
and reseeding (B&R) had higher total costs 
than other methods. Both AF and AS had the 
least total costs with only CAD $20/ha. The 
returns were generally positive for all methods 
with the control recording the highest of CAD 
$1232/ha, while B&R had the lowest with 
CAD $593/ha. Apart from the control, only 3 
of the actual treatment methods (AF, AS and 
REST) had a returns > CAD $1000/ha. The 
profit over control for each method were all 
negative. The greatest loss was B&R, followed 
by GRSEED, BSAS and BSAF in that order 
with > CAD $400/ha in loss. The lack of 
any profits from any methods over control 

was because control consistently produced 
comparable forage DM yield in 2017 and 
2018 with methods investigated. In addition to 
the comparable forage DM yield, the control 
did not incur any input costs, so it had a higher 
marginal returns over the combined 2 years of 
forage production. Again, the weather during 
the study period, particularly in 2017 and 
2018, was thought to be responsible for the 
non-apparent effects of investigated methods. 

Conclusions
A good pasture is critical to beef cattle 
production systems, but maintaining 
productive forage stands years after pasture 
establishment is a major challenge that beef 
producers face in Alberta, Canada. Instead 
of replacing a pasture, rejuvenation can be a 
pasture management strategy that can bring 
new vigor or usefulness to a pasture and 
thereby restoring it to its original state. Three 
years after treatments, pasture rejuvenation 
methods did significantly affect the amount 
of grasses in total forage production but did 
not significantly influence total DM yield 
and amount of legumes in the total forage 
production. The 4 methods which had 
aeration reduced forage production in the year 
following the aeration treatments. Weather 
condition was thought to be responsible for 
the different forage yield pattern following 
aeration. The only method that involved land 
cultivation and reseeding (B&R) had higher 
total costs than other methods. The returns 
were generally positive for all methods with 
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the control recording the highest (CAD $1232/ha), while B&R had the lowest with CAD $593/
ha. 

Table 2: Summary of economic comparisons of pasture rejuvenation methods for 2 years’ 
forage production combined (2017 & 2018).

Total DM 
yield Revenue Total costs Marginal returns Profit/Loss over 

control
 Method (kg ha-1) $/2 years/ha
Control 6815 1232 1232
AF 6069 1098 20 1078 -154
AS 5674 1026 20 1006 -226
B&R 5233 946 353 593 -639
BSAF 5639 1020 210 810 -422
BSAS 5084 919 210 710 -522
FERT 5629 1018 173 845 -387
GRSEED 5295 958 271 687 -545
REST 5775 1044 1044 -188
RSS 6180 1118 236 882 -350

Note: This is only a simple cost analysis and is not intended as an in depth study of the cost of 
production. 

CAD $1=US $0.76.
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Abstract
Alfalfa (Medicago sativa L.) plays an important role within the integrated farming systems in 
Northwestern Loess Plateau of China, because of its traits on a high productivity, prolonged 
growing season, and excellent nutritive value. However, water use efficiency (WUE) is a crucial 
indicator for forage production under different water conditions in the semiarid regions. To explore 
the responses of alfalfa growth and water use to precipitation variability, we set precipitation 
shelters to manipulate precipitation scenario as 30% precipitation increased (P+30), normal 
precipitation (CK), and 30% precipitation decreased (P-30) with the measurement of dry matter 
yield and soil water content. An alfalfa variety Zhongmu No.1 was sown in autumn of 2018 and 
harvested at flowering. Soil water was sampled in the depth of 0-2.0 m by a soil auger in 2019. 
The results showed that the total biomass yield for three cuts among the precipitation treatments 
had significant difference (P<0.05), with 12125.5, 11685.3, and 11167.2 kg ha-1 under treatment 
P+30, CK and P-30, respectively. The WUE of dry matter yield in P-30 treatment had the highest 
value, higher 25.5% and 10.3% than that in P+30 and CK treatment, respectively (P<0.05). We 
conclude that increasing precipitation could not improve the WUE of alfalfa, which indicates 
the wide adaptability of alfalfa in variable rainfall conditions in semiarid region. 

Introduction
Alfalfa (Medicago sativa L.) is a common 
high-quality leguminous forage to support the 
livestock production in Loess Plateau regions 
of China, however, alfalfa’s production was 
strongly restricted by the uneven precipitation. 
Li and Huang (2008) reported that soil water 
storage at planting and growing season 
precipitation are critical water resources for 
plant growth in the Loess Plateau of China and 
30% of yield for alfalfa is mainly dependent 
on the soil water storage at planting (Li 2002). 
However, there was little knowledge on the 
investigation about how alfalfa consume soil 
water over the growing season. Therefore, 
the objective of this study is to analysis 
the evapotranspiration (ET) and water use 
efficiency (WUE) of alfalfa under different 
precipitation conditions.

Materials and methods 
The experiment was conducted at Qingyang 
Loess Plateau Experimental Research Station 
of Lanzhou University (35°39′ N, 107°51′ 
E; elevation 1298 m). We designed three 
precipitation situations by using rain shelters 
to simulate 30% precipitation increased 
(P+30), normal precipitation (CK), and 30% 
precipitation decreased (P-30). The alfalfa 
was sown in late August of 2018, and three 
cutting periods were imposed in 2019 (June 
6, August 4, and September 17). Soil samples 
were taken by 40 mm diameter augers in the 
depth of 0-2 m (every 20 cm soil layer served 
as a soil sample) from each plot at sowing and 
harvest stages and dried at 105°C for 48 hours 
to calculate soil water content. The ET (kg 
ha-1 mm-1) and WUE (mm) were calculated by 
using the equations (1) and (2), respectively 

mailto:yy.shen@lzu.edu.cn
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(Wan et al., 2007):

ETi=Pi+ΔS       (1)

ET represents the alfalfa’s water use, and ETi 
expressed as ET in the ith cutting period (kg 
ha-1 mm-1). Pi is the precipitation (mm) at the 
same time as ETi, and ΔS is the change of soil 
water storage (mm) from the sowing stage to 
the first cutting period, second cutting period, 
and third cutting period.

WUEi=Yi/ETi     (2)

where WUEi (mm) is the WUE at the same 
time as ETi, and Yi represents the alfalfa’s dry 
matter production in the ith cutting period (kg 
ha-1).

Results
Dry matter production under different 
precipitation situations

There was no significant difference in dry 
matter production of alfalfa during the three 
cutting periods (Fig.1). Total dry matter 
production of alfalfa in P+30 treatment was 
the greatest, which was 3.8% and 8.6% greater 
than that under CK and P-30 treatment, and 
there was significant difference with P+30 and 
P-30 treatment (P<0.05).

Figure 1: Dry matter production of alfalfa for 
3 cut under different precipitation situations 

Evapotranspiration and water use efficiency 
under different precipitation situations

The evapotranspiration of alfalfa under 
different precipitation situations had significant 
difference (P<0.05; Table 1). The ET1, ET2, 

and ET3 of alfalfa in P+30 treatment had the 
greatest value among the three precipitation 
situations, respectively, indicating that 
increasing precipitation enhanced alfalfa’s 
water use. The total ET of alfalfa in P+30 
treatment was 17.9% and 35.7% greater than 
that in CK and P-30 treatment, respectively 
(P<0.05). The WUE1, WUE2, and WUE3 of 
alfalfa in P-30 treatment had a greatest value 
of for alfalfa among the three precipitation 
situations (P<0.05). At the third cutting times, 
the WUE3 of alfalfa in P+30 treatment was the 
least among the three precipitation situations 
(P<0.05). The total WUE of alfalfa in P-30 
treatment had the greatest value, greater 
25.5% and 10.3% than that in P+30 and CK 
treatment.

Discussion
The water use efficiency of alfalfa grassland 
was directly proportional to water supply, 
and the change rate of water use efficiency 
was greater than that of alfalfa dry matter 
accumulation. Therefore, the water use 
efficiency of alfalfa was inversely proportional 
to precipitation (Feng et al.2016; Kang et 
al.2020). We provide scientific guidance and 
theoretical basis for the stable development of 
agriculture in the dryland of the Loess Plateau 
under three precipitation situations. Alfalfa 
system in decreasing precipitation had greater 
water use efficiency, but could reduce the dry 
matter production of alfalfa. We concluded 
that precipitation increasing 30% reduced the 
water use efficiency of alfalfa and enhanced 
the alfalfa’s evapotranspiration.
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Abstract
The University of Kentucky (UK) Horse Pasture Evaluation Program began in 2005 to improve 
pasture quality and quantity on Kentucky horse farms. This on-farm program collects detailed 
data of pasture species composition, tests for tall fescue (Schedonorus arundinaceus (Schreb.) 
Dumort.) toxicity, and provides farm managers with comprehensive recommendations for 
management. Species composition is determined using the occupancy method. In 2019, 
the UK Horse Pasture Health Score Card was developed to provide useful, survey-level 
information on pastures and allow evaluators to cover far more acres in less time, requiring 
fewer resources. The objective of this research was to compare accuracy and efficiency of the 
traditional occupancy method for botanical composition with the UK Horse Pasture Health 
Score Card. The score card, based on a similar tool developed by USDA-NRCS, includes a 
1-5 scoring system of ten categories of pasture health, including desirable grass cover, weed 
pressure, and grazing management.  In 2020, a summer intern evaluated the accuracy of the UK 
Horse Pasture Health Score Card by comparing to traditionally gathered species composition 
data. All four quantifiable categories resulted in more than 65% of fields being scored within 1 
point of the correct species composition, though two categories showed increased likelihood of 
underestimation, suggesting the score card may need to be adjusted and that additional training 
should be provided to the evaluators. While the UK Horse Pasture Health Score Card would not 
be acceptable for scientific research, this study suggests that, after small modifications, it will 
be a useful tool for commercial horse pasture evaluations. 

Introduction
Lexington, KY is often referred to as the “Horse 
Capital of the World.”  Central Kentucky is 
rich with rolling pastures, and is dominated by 
thick, fertile soils resting on top of a limestone 
base. The limestone filters the many streams 
that criss-cross the area and provide calcium 
and phosphorous to the soils above them, 
both needed for bone growth in young horses. 
Because the area has an excellent combination 
of clean water, productive soils and a long 
growing season, Kentucky has become a 
destination for horse breeders from around 
the world. Today, Lexington also boosts 
three large, equine-only veterinary clinics, 
several equine only feed mills, Keeneland 
Race Course, and close proximity to the world 

renowned Churchill Downs, home of the 
Kentucky Derby. 

In 2011, Kentucky was home to an estimated 
242,000 horses, residing on about 35,000 
farms (KY Equine Survey 2012). Equine 
pasture represents just over 1 million acres of 
land in Kentucky (9% of agricultural land), 
making horse farms a significant part of the 
agricultural community and environmental 
landscape. Unlike producers in the beef 
cattle industry, horsemen typically have little 
agronomic background, and are often not 
focused on maximizing pasture productivity 
and minimizing environmental impacts. High 
stocking rates and continuous overgrazing are 
common on horse farms, creating a great need 
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for education and outreach. 

In 2005, the University of Kentucky (UK) 
Horse Pasture Evaluation Program was 
launched in response to the outbreak of Mare 
Reproductive Loss Syndrome of 2001/2002. 
While this event was eventually attributed 
to the population explosion of the Eastern 
Tent Caterpillar (Malacosoma americanum, 
Webb et al., 2004), many first assumed the 
widespread foal losses were attributed to 
the presence of naturally occurring toxic tall 
fescue (Schedonorus arundinaceus (Schreb.) 
Dumort.) and caused many farm managers to 
give new and critical consideration to pastures. 

The primary goal of the Pasture Evaluation 
Program is to improve pasture quality and 
quantity on Kentucky horse farms. This 
on-farm program collects detailed data of 
pasture species composition, tests for tall 
fescue toxicity, and provides farm managers 
with comprehensive recommendations 
for management. Species composition is 
determined using the occupancy method 
(Vogel and Masters 2001). The naturalized 
tall fescue in Kentucky is known to be 
infected with a toxic endophyte that can 
cause difficulty foaling (Putnam et al., 1991), 
prolonged gestation (Monroe et al., 1988), and 
poor milk production (Kosanke et al., 1987) 
in broodmares. Due to significant sampling 
and education from this program, many farms 
have reduced their tall fescue toxicity via 
eradication or improved management. 

As the UK Horse Pasture Evaluation Program 
has grown, so has the size of farms evaluated. 
In 2010, the largest farm was around 325 total 
acres, 15 pastures were evaluated, which took 
the team of two individuals a total of three 
days to evaluate. In 2019, the largest farm was 
nearly 1000 acres, with 78 individual pastures 
and paddocks evaluated, taking a team of six 
undergraduate students eight days to complete 
and generated roughly 1000 pages of data and 
information. In addition to the time required 
to sample these farms, the amount of data 
collected and presented was overwhelming for 
farms. In response to these challenges, the UK 
Horse Pasture Health Score Card was created 
in 2018 and consists of a ranking of 1 to 5 for 
10 critical areas of pasture health as observed 
by a trained undergraduate. These criteria are 
based on the NRCS Pasture Health Score Card 
(Ogles et al., 2020) and are: 1) desirable grass 
cover, 2) desirable grass diversity, 3) legumes, 
4) bare soil and warm season annual grasses, 5) 
broadleaf weeds, 6) perennial weedy grasses, 
7) grazing management, 8) stage of growth, 9) 
loafing areas, and 10) thatch and color. Table 
1 contains the score card chart, with each of 
the ten categories, and a description of the 
rankings for each.

The objective of this research was to compare 
accuracy and efficiency of the traditional 
occupancy method for botanical composition 
with the UK Horse Pasture Health Score Card. 
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Materials and methods 
In 2020, an undergraduate intern’s research 
project was to compare the UK Horse Pasture 
Health Score Card to traditional botanical 
composition data from randomly selected 
client pastures.  For each selected pasture, 
the evaluator first walked in a semi-circular 
pattern around the pasture, then scored 
the pasture using the score card. Botanical 
composition was then determined using the 
occupancy method. Occupancy grids were 
0.7 x 0.7m wire mesh, containing 25 squares 

(each 15 x 15cm) and the grid samples were 
taken from 10-20 random locations in each 
pasture, depending on pasture size. 

For the four categories that can be quantified 
(desirable grass cover, bare soil and warm 
season annual grasses, broadleaf weeds, and 
perennial weedy grasses), the score given was 
compared to the score it should have received 
based on the actual botanical composition 
data. The given score is then subtracted from 
the actual score. For example, if a pasture 



571

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

should have received a score of 3 based on 
botanical composition, but was scored a 4 
instead, then it was incorrectly scored by +1. 
For desirable grass cover, bare soil and warm 
season annual grasses, perennial broadleaf 
weeds, and perennial weedy grasses, the given 
and correct scores were compared to evaluate 
the accuracy of this method. 

Results
Desirable Grass Cover (Figure 1) is defined as 
the collective percent of tall fescue, Kentucky 
bluegrass, and orchardgrass. Thirty-six 
percent of pastures were scored correctly, and 
an additional 48% were scored within 1 point 
of the correct score and resulted in a normal 
distribution, suggesting that desirable grass 
cover can be closely estimated using the score 
card method. 

Bare Soil and Warm Season Annual Grasses 
(Figure 2) are combined because these 
grasses, which include crabgrass (Digitaria 
sanguinalis), yellow foxtail (Setaria pumila), 
and goosegrass (Eleusine indica), will die off 
in the fall, leaving bare soil. Only 12% were 
scored correctly, but 56% were underestimated 
by 1 point. A normal distribution was observed, 
but was not centered over the midpoint. 
This suggests that the evaluator frequently 
underestimated the percentage of bare soil 
and warm season annual grasses. Additional 
training or an adjustment of the score card 
parameters may be needed.   

Broadleaf Weeds (Figure 3) mainly includes 
broadleaf forbs (no legumes). The most 
common species were plantain (Plantago 
major and Plantago lanceolate), dandelion 
(Taraxacum spp.), common ragweed 
(Ambrosia artemisiifolia), and Carolina 
horsenettle (Solanum carolinense). While the 
distribution was heavily skewed to the right, 
60% of pastures were scored correctly, with 
an additional 36% underscored by 1 point, 
suggesting this method provides a reasonably 
accurate estimation of broadleaf weeds in 
pastures.

Perennial warm season grasses (Figure 4) 
includes nimblewill (Muhlenbergia schreberi), 
johnsongrass (Sorghum halepense), and 
bermudagrass (Cynodon dactylon). Just 
20% were scored correctly, with 44% 
underestimated by 1, and a normal distribution 
centered over -1. This suggests that these 
weedy grasses are frequently underestimated 
using the score card and the score card may 
need to be modified. 

Discussion
These results suggest that the UK Horse 
Pasture Health Score Card is not suitable for 
scientific research, but it has the potential for 
accurate and time efficient evaluation of large 
horse farms when used for general pasture 
management recommendations.  Several 
categories, including desirable grass cover and 
broadleaf weeds, were accurately estimated, 
while other categories, such as bare soil/warm 
season annual grasses and perennial weedy 
grasses, were significantly underestimated. 
These results suggest that the score card may 
need to be modified and additional training 
should be developed for evaluators. Multi-
year and multi-evaluator data will be needed 
to ultimately determine the accuracy of this 
method.  

The most useful feature of the Pasture Score 
Card is the reduced time required to evaluate 
large farms, and the simplicity of data 
generated. It is estimated that the UK Horse 
Pasture Health Score Card can be completed 
8-10 times faster than the occupancy method, 
and generates significantly less data for 
farms to consider. Both provide the same 
management recommendations, but the score 
card data is less time consuming to collect, 
analyse, and review. Once perfected, the 
Score Card should allow more land area to be 
covered at a reduced cost to landowners.

Acknowledgements
The authors would like to thank UK interns 
Reilly Fardy (2020), Kelsey Hargadon (2019), 
and Sydney Beidleman (2015-2018) for their 



572

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

work on this sample method. Additionally, the UK Horse Pasture Evaluation Program could not 
function without the assistance from countless undergraduates and summer employees. Finally, 
the authors would like to thank Pin Oak Stud for allowing the testing of this method. 

References
Kentucky Equine Survey. 2012. University of Kentucky, Kentucky Agricultural Development 

Fund and the Kentucky Horse Council. https://equine.ca.uky.edu/kyequinesurvey. 

Kosanke, J. L., Loch, W. E., Worthy, K., Ellersieck, M. R. 1987. Effect of toxic tall fescue on 
plasma prolactin and progesterone in pregnant pony mares. Proceedings of the Tenth 
Equine Nutrition and Physiology Symposium (Fort Collins, CO), 663–668.

Monroe, J. L., Cross, D. L., Hudson, L. W., Hendricks, D. M., Kennedy, S. W., Bridges, W. 
C. 1988. Effect of selenium and endophyte-contaminated fescue on performance and 
reproduction in mares. Equine Vet. Sci. 8:148–153. doi: 10.1016/S0737-0806(88)80038-
8

Olges, K., Shelton, V., Vance, K. 2020. Natural Resources Conservation Service Guide to Pasture 
Condition Scoring. United States Department of Agriculture publication. https://www.
nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcseprd1540025&ext=pdf

Putnam, M. R., Bransby, D. I., Schumacher, J., Boosinger, T. R., Bush, L., Shelby, R. A. 1991. 
Effects of the fungal endophyte Acremonium coenphialum in fescue on pregnant mares 
and foal viability. Am. J. Vet. Res. 52, 2071–2074.

Vogel, K.P., Masters, R.A. 2001. Frequency grid-a simple tool for measuring grassland 
establishment. J. Range Man. 54:653-655.  

Webb, B.A., Barney, W.E., Dahlman, D.L., DeBorde, S.N., Weer, C., Williams, N.M., Donahue, 
J.M., McDowell, K.J. 2004. Eastern tent caterpillars (Malacosoma americanum) cause 
mare reproductive loss syndrome. Journal of Insect Physiology, 50(2-3):185-193. 
https://doi.org/10.1016/j.jinsphys.2003.11.008.

https://equine.ca.uky.edu/kyequinesurvey
https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcseprd1540025&ext=pdf
https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcseprd1540025&ext=pdf
https://doi.org/10.1016/j.jinsphys.2003.11.008


573

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

Cactus forage productivity modelling using PHYGROW software in a semiarid environment  
 

Cândido, M.J.D1; Maranhão, S.R2; Araújo, G.G.L 3; Macedo, A4; Campos, F.S5; Silva, 
T.G.F5  

1Federal University of Ceara; 2Federal University of Ceara; 3 Brazilian Agricultural Research 
Corporation - EMBRAPA Semiárido; 4Federal University of Vale do São Francisco; 5 Federal 

Rural University of Pernambuco

Key words: climate vulnerability; feed stockpiling; forage biomass; ‘Opuntia stricta’; stochastic 
modelling 

Abstract
Plant growth modeling has been shown an increasing strategy to cope with the high demand 
for food supply, mainly in climate vulnerable areas, providing them to be used in agriculture 
worldwide. Concerning semiarid regions, the PHYGROW software has been promising to 
model plant growth, as cactus forage (‘Opuntia stricta’ cv. “Mexican elephant ear”) which was 
used in this study. Production data from 2017 and 2018 in Petrolina, Permambuco state, Brazil, 
with 12 replicates each year were considered. This region shows a very hot and dry climate 
and has an erratic and seasonal rainfall, which varies a lot in quantity, frequency and intensity 
from one year to another. After the PHYGROW software parameterization, we performed 
the generation of the synthetic series and, afterwards, we add the field data to calibration and 
validation. The results showed a high prediction capacity of PHYGROW software, even in such 
an erratic climate as Brazilian Semiarid, considering the model performed as calibrated. In 2017 
and 2018, the observed cactus forage biomass were 1745 ± 505.83 and 2016 ± 584.58 kg DM 
ha-1 and the estimated data were 1795 and 2314 kg DM ha-1, respectively. This relatively high 
deviation suggests an opportunity to add more data, in order to get the model more accurate. 
Although there was a high difference in precipitation from 2017 to 2018 (166 and 301 mm, 
respectively), cactus forage was capable to offset this fluctuation, which makes it a strategic 
resource to reduces the biomass variation and stockpiling necessity on the farm level. This study 
also demonstrated the importance of modelling to help the farmer to cope with the weather and 
feed variation in climate vulnerable areas, allowing them to anticipate and adopt strategies to 
cope with drought more efficiently.

Introduction
Plant growth modelling has become an 
important strategy to cope with high feed 
demand, mainly in climate vulnerable areas, 
thus contributing to support feed demand 
around the world. In semiarid areas, the 
climate variability is a critical factor to plant 
biomass production, mainly in exclusively 
rainfed systems. By means of modelling and 
computational tools, it is possible to estimate 
under a confidence level, the plant yield, 
providing to producers more security to invest 

in agriculture. Among the software’s used 
to plant growth modelling, the PHYGROW 
(STUTH et al., 2003) has been promising to be 
used in semiarid regions, as it is a simulation 
model that works on a daily basis, using 
climate, plant, soil and livestock parameters 
to estimate plant growth, forage intake and 
hydrological processes. On the other hand, 
among the forage resources available to use 
in dry areas, cactus forage has been proved a 
very strategic feed, because of its high-water 
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stress tolerance, thus becoming an important 
feed and water source to livestock along the 
most critical periods during drought. In this 
context, to evaluate the cactus forage biomass 
prediction capacity by using the PHYGROW 
software, in a semiarid environment, this study 
was carried out.

Material and Methods
Study Site

The data to do the simulations were obtained 
from a field study conducted at the Biossalin 
Agriculture Prospection and Research field 
of Embrapa Semiarid, with the following 
coordinates: - 09º 04¢ 16,4¢¢ of latitude and  - 
40º 19¢ 5,37¢¢ of longitude, being 379 meters 
above sea level. The climate is characterized 
as a BSwh¢¢ type (KÖPPEN 1936). The soil 
is classified as Plinthic Abrupt Eutrophic 
Yellow Argisol (SOLOS 2013), with plain 
relief and middle texture. The cultivar “Orelha 
de Elefante” of cactus forage [Opuntia stricta 
(Haw.) Haw.], was sowed in April 2015, in 
a 1,6 x 0,4 m spacing, performing 15,625 
plants/ha. Two data set were used each one 
with 12 replicates to model its growth. The 
first data set was obtained from Harvest sis 
months after uniformizing mowing (named 

year 2017) and the second 12 months after the 
first harvest (named year 2018). Afterwards, 
the cactus forage growth was parametrized in 
PHYGROW, by inserting plant, climate and 
soil data specific from the study area. The 
last step after the model has been calibrated 
consisted of evaluation of the model capacity 
to predict the plant growth by statistical 
criteria, that is, the Determination Coefficient 
“R2”, the  Absolute Mean Error, (average 
absolute difference between the simulated and 
observed values), the  Prediction Mean Error 
(estimation bias that reflects the normalized 
difference between the simulation model output 
and the observed data) and the concordance 
index “d” (values close to 1 indicating perfect 
agreement between the simulation output and 
the observed data).

Results

The cactus forage growth simulation model 
used two data set, one for 2017 year and the 
other for 2018 year, when the model was 
calibrated (Fig 1). The cactus forage biomass 
observed in the field was 1745 ± 505.83 and 
2016 ± 584.58 kg MS ha-1, in Years 2017 and 
2018, respectively, whereas the mean biomass 
estimated by PHYGROW was 1795 and 2314 
kg MS ha-1, respectively (Tab 1). 

Figure 1. Cactus forage biomass (kg DM ha-1) predicted by PHYGROW model in Petrolina, 
Pernambuco, Brazil.
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Table1. Statistics to evaluate the PHYGROW model capacity to simulate cactus forage growth 
in Petrolina, Pernambuco, Brazil 

Statitics
2017

Observed x Estimated

2018

Observed x Estimated
Observed means (kg DM ha-1) 1745 2016
Estimated means (kg DM ha-1) 1795 2314
Standard error (kg DM ha-1) 505.83 584.58
Absolute mean error (kg DM ha-1) 49.89 297.58
Prediction mean error (%) 2.85 14.75
r² 0.67 0.17
D 0.99 0.97
N 12 12

Note: r² (determination coefficient); d (concordance index); n (samples number).

Discussion [Conclusions/Implications]
By means of statistical analysis, it is possible 
to verify a slight overestimation of the model 
to year 2018, being necessary a new data 
set to validate the model. Despite this, an 
overestimation is acceptable, being a result of 
human error by time of sample harvest. As a 
rule, the linear regression showed a reasonable 
correspondence between simulated and 
observed data, being checked by determination 
coefficient and concordance index (Table 1).

Although a big difference in precipitation in 
Years 2017 and 2018 was observed (166 and 
301 mm, respectively), the cactus forage was 

capable of compensate this fluctuation, being 
characterized as a strategic forage resource 
to reduce biomass variation and demand for 
stockpiling on a farm level. This study also 
demonstrated the importance of modelling 
to help the farmer to cope with climate and 
feed fluctuations in climate vulnerable areas, 
giving them the opportunity to anticipate the 
scenarios and adopt strategies to cope with 
drought more efficiently.
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Abstract
Smallholder farms in southern Africa are predominantly mixed crop-livestock systems and often 
characterized by low productivity. Therefore, providing sufficient forage becomes a challenge 
that results first in feed gaps, i.e. the difference between the demand for and supply of forage, and 
secondly, in nutrient mining of the soil due to the overuse of the resources. However, the availability 
of forage follows potentially seasonal patterns. Hence, a key entry point for any intervention strategies 
for improvement is an assessment of forage quantity and quality throughout the year. Against this 
background, we investigated six locations, smallholders’ cattle production systems and their adaptation 
options in periods of feed deficit across three distinct agro-ecological zones in the Limpopo province 
(South Africa). We interviewed 90 farmers from May to September 2019 and found that farmers struggle 
in winter-spring (June – September) to access feed resources for their livestock. Most farmers mentioned 
that feed deficit in that period is a regular phenomenon. Mixed crop-livestock farmers stated that they 
rely on on-farm resources (crop residues) while sole livestock farmers stated that reducing herd size is 
a top adaptation option. Farmers also indicated that feed availability in required quantity and quality is 
the biggest constraint to sustaining livestock production throughout the year. This study demonstrates 
a sound assessment of the temporal pattern of feed gaps in Limpopo province and potential farmer 
avenues for their mitigation.

Introduction
In Southern parts of Africa, rangelands are key 
feeding resources, particularly supporting the 
livelihood of inherently resource constrained 
farmers. However, the effects of climate-related 
drought in the region has been reported as changes 
in the natural ecosystems affect the quantity and 
quality of the feeding resources (Descheemaeker 
et al., 2016). With respect to livestock production, 
providing sufficient forage through the year amid 
these climate uncertainties propels livestock 
keepers to put more pressure on the natural 
resources translating into feed gaps. Feed gap 
is explained by the variability in the supply of 
forage that cause discrepancy between livestock 
demand and forage provision (Moore et al., 
2009)development and extension program has 

been improving the management of the feedbase 
on mixed farms through addressing ‘feed gaps’ 
times of year during which the supply of forage 
is insufficient to meet livestock demand. In this 
review, we use the available data on pasture 
growth and quality, supplemented by modelling 
results, to describe the characteristic timing of 
feed gaps across the Australian cereal-livestock 
zone. Feedbase interventions studied during the 
Grain & Graze program have mainly addressed 
the supply side of the feed balance equation. We 
review these studies, paying particular attention to 
the time scale of the variability in the feed balance 
that each intervention is intended to address. We 
conclude that grazing of cereals (either dual-
purpose or forage crops. Feed gaps may occur 
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seasonally within one year or vary inter-annually 
due to biological and socio-economical influences. 
For smallholder livestock systems, this variability 
in the supply of livestock feed incites inefficiencies 
in production. Hence, livestock keepers are 
compelled to adopt strategies and tactics to provide 
sufficient feed at times when forage quantity and 
quality are low, creating opportunities to either 
prevent or cope with feed gaps. 

Approximately 90% of Limpopo’s smallholder 
cattle farmers relies heavily on communal 
rangelands for feed.  Evidence from the literature 
suggests that these farmers already perceived 
climatic shocks as frequent dry spells affecting the 
productivity of the rangelands leading to forage 
shortages (Marandure et al., 2020)particularly 
farmers, in developing appropriate indicators for 
sustainability evaluation of low-input ruminant 
systems is often compromised by limited awareness 
and understanding of the sustainability concept by 
farmers in developing countries. Insights from 
farmers’ challenges present useful prospects 
for developing context-specific sustainability 
evaluation indicators for low-input ruminant 
systems. In the present review, a meta-analysis 
was used to develop farmer challenge-derived 
indicators for the sustainability evaluation of low-
input ruminant farming system in sub-Saharan 
Africa. Key ecological challenges reported were 
low forage quality, poor soil quality, feed shortages 
and; economic challenges were low poor marketing 
structure, high cost of labour, and poor transport 
network, poor marketing infrastructure; and social 
challenges were rural to urban migration, lack 
of animal breeding management and inadequate 
access to information. The corresponding derived 
ecological indicators were biomass quality, soil 
quality, high winds; economic indicators were 
available marketing infrastructure, labour costs, 
transport networks; and social indicators were 
rural to urban migration, animal management 
training and access to information. The review 
shows that farmers’ challenges can be transformed 
to indicators for assessing the sustainability of 
the low-input ruminant farming system in sub-
Saharan Africa.

However, the projected frequent and prolong 
drought in the region will further affect livestock 
productivity unless appropriate actions through 
improving the common property status of the 
feeding resources are considered. In the smallholder 

context, nevertheless, the uncertainty of the 
farming systems in relation to when and where 
do feed gaps occur and how it affects livestock 
productivity is rarely investigated. Therefore, it 
is important that any intervention strategies as a 
response to feed gaps will first take into account 
context-specific assessments of the variability 
of the forage supply and the already existing 
farmers’ coping approaches. In this study, we 
capture farmers’ perception of feed gaps based on 
seasonality in a smallholder context. Additionally, 
we explore the existing farmer’s adaptation 
strategies to cope with feed gaps impacts. 

Materials and Methods
Using a semi-structured questionnaire, we 
conducted a survey among 90 farmers across seven 
different rural locations representing the key agro-
climatic zones of the Limpopo region (Republic 
of South Africa). All farmers kept cattle, mainly 
locally adapted Nguni cattle with herd numbers 

varying between 5 – 50. Farmers were asked farm-
specific questions about seasonal livestock feeding 
availability so to understand periods of feed 
supply/shortages, the frequency of feed gaps, the 
impact of feed gaps on livestock, the perception of 
cattle losses during feed gaps, and farmers’ main 
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strategies during the feed gaps. For instance, we 
asked farmers about their perception of months/
seasons (winter, spring, summer, fall) and their 
perception of feed availability (in quantity and 
quality) during the dry season (winter). Feed 
availability is then considered to be high if farmers 
perceive feed to be adequately available without 
any sign of feed gap and low when there are clear 
signs of feed gap. In between, feed availability 
is medium when feed is satisfactory with slight 
variations in the supply. Furthermore, we asked 
farmers if the occurrence of feed gap is regular 
(a seasonal variability in feed supply) or irregular 
(year-to-year variability in feed supply). Also, 
farmers were asked whether they lose cattle due 
to feed gaps (often if a farmer lose at least one 
animal every 1-2 year due to feed gap, sometimes 
if a farmer lose an animal at least once every 3-5 
years and not likely if feed gap does not lead to 
losing animals). The survey data was subjected to 
simple descriptive statistics (mean, frequency) on 
the farmers’ perception and adaptation strategies 
using the R software 3.6.0.

Results
The results showed that farmers perceived feed 
gaps mainly in the winter season (June – August), 
followed by spring (September – November) and 
fall (March – Mai) seasons (Fig 1A). Clearly, 
the summer season (December – February) was 
the period of feed availability and supply to the 
livestock. 

Figure 1: Farmer’s perception on: (A) the seasons 
of feed gaps (B) on the feed availability in winter, 
(*feed availability here = feed in quantity and 
quality), feed availability throughout the year to 
maintain production, feed gaps frequency and 
death of cattle due to feed gaps (n=90).

Figure 2: Farmer’s top adaptation strategies 
during feed gaps (n=90)

The majority of the farmers (80%) asserted that in 
the winter season, feed availability in quantity and 
in quality is low, while 2% of the farmers thought 
that feed availability in that period is high (Fig 1B). 
When farmers were asked about their perception 
of feed availability through the year to maintain 
livestock, 62% of farmers responded to have 
satisfactory feed quantity and quality (medium) 
(Fig 1B). Meanwhile, 23% of the respondents 
claimed that feed is adequately available (high, 
Fig 1B) throughout the year as summer and fall 
seasons make up for the winter and spring deficits. 
However, 12% of the farmers stated that feed 
supply remains too low to maintain production 
through the year, while 3% of farmers remained 
unsure. Regarding the perception on the variability 
of feed gaps, 71% of the total farmers considered 
the occurrence of feed gaps as regular seasonal 
phenomenon happening in most years – if not all. 
Meanwhile, 29% of farmers reported irregular feed 
gaps that mainly occur in some years (for instance 
in 2014 – a period of severe drought). Besides, the 
extent to which farmers will lose their cattle (animal 
death) due to feed gaps was identified (Fig 1B) and 
more than half (52%) of the farmers believed that 
animal death in relation to feed gaps is unlikely. 
About 35% of farmers reported that animal death 
occurs ‘sometimes’ and at a greater consequence 
of feed deficit. 13% admitted that they often lose 
livestock (animal death occurring at least once 
every 1-2 years) (Fig 1B). The reported adaptation 
strategies to cope with feed deviated in frequency 
(Fig 2). Feeding crop residues and or reducing herd 
sizes were the top strategies employed by farmers 
(about 70% and 60% respectively). Farmers also 
stored feed in periods of feed availability that is 
fed to the animals in periods of feed gaps (22% of 
respondents). Nevertheless, about 22% of farmers 
stated that they do not engage in any strategy 
(no strategy) as the animals continue to graze 
the unproductive rangelands in periods of feed 
gap potentially leading to animal losses (Fig 2). 
Further, only very few farmers engaged in other 
strategies such as feed budgeting (5%) and pasture 
management (2%) in a way to cope with feed gaps. 

Discussion 
Farmers’ perceptions of seasons of feed gap and 
availability is linked to precipitation patterns in 
the region. In Limpopo, the summer (December – 
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February) is the season of relatively high rainfall 
while the winter (June – August) is rather a season 
of precipitation deficit with no rain. Therefore, 
the perception of feed gap across the seasons is 
explained by the dry spells that affect the productivity 
of the common grazing resources in periods of low 
or no rainfall. Our findings suggest that farmers 
primarily rely on rangelands for livestock feed, 
therefore, seasonal changes in pasture conditions 
(quantity and quality wise) are perceived as either 
season of feed availability or deficit. According to 
Moore et al., (2009)development and extension 
program has been improving the management of 
the feedbase on mixed farms through addressing 
‘feed gaps’ times of year during which the supply 
of forage is insufficient to meet livestock demand. 
In this review, we use the available data on pasture 
growth and quality, supplemented by modelling 
results, to describe the characteristic timing of 
feed gaps across the Australian cereal-livestock 
zone. Feedbase interventions studied during the 
Grain & Graze program have mainly addressed 
the supply side of the feed balance equation. We 
review these studies, paying particular attention to 
the time scale of the variability in the feed balance 
that each intervention is intended to address. We 
conclude that grazing of cereals (either dual-
purpose or forage crops, the balance between 
cattle feed demand and supply is important 
as it directly affects production and may lead 
animals to lose weight and regain it later. As a 
consequence, a study conducted by Mpofu et al., 
(2017) in Limpopo observed that season had a 
significant effect on the body weight of cattle as 
animals normally gained weight in summer and 
lose it in winter. However, animal losses can be 
attributed to a combination of different factors 
that include forage availability, consumption of 
poisonous herbs, bush encroachments and diseases 
(Mapiye et al., 2018)South Africa. Data collection 
involved interviewing all the 62 farmers under 
the Limpopo Industrial Development Corporation 
(IDC. Therefore, management strategies that can 
be deployed to reduce the frequency and intensity 
of feed gaps may improve the profitability of 
smallholder farms. Farmers have opted for 
the traditional measures of relying on on-farm 
residues and herd size reduction. Crop residues 
play an important role as feeding resource, 
especially in smallholder livestock systems in 

Southern Africa (Thornton and Herrero 2015). 
Generally, crop lands are owned individually, but 
leftovers become a common property once crops 
are harvested and can be freely grazed by animals. 
In line with this, crop residues remained the first 
option for livestock keepers during feed gaps. 
However, farmers additionally reduce their herd 
sizes which indicates that crop residues within 
the region do not necessarily alleviate feed gaps. 
Furthermore, the nutritive value of residues is often 
unknown. Therefore, despite the complexity of the 
smallholder livestock systems, there is the need 
to consider management options that will allow 
farmers to be adapted to the frequent occurrences 
of feed gap.  

Conclusion/Implications
Seasonality is key in understanding livestock 
feed gaps in the smallholder context. Based on 
our findings, we suggest that to avoid regular 
seasonal feed gaps, there is the need to ease the 
pressure on the common feed resources (e.g., 
communal rangelands). Here, regulations on 
community-level which target the herd sizes to 
accommodate proper grazing management are 
needed. Additionally, rangelands can be improved 
through resting periods and by managing enclosure 
areas for recovery (Pfeiffer et al., 2019). Another 
strategy that has not yet been generally applied 
is destocking during periods of feed availability 
in order to conserve rangeland biomass. We are 
aware that the frequent occurrences of feed gaps 
are not only governed by biological factors, but 
also farmer’s socio-economic capacities. For 
instance, high sensitivity to feed gaps can also be 
reduced when financial opportunities are created 
for smallholder farmers who could purchase 
livestock feed, or supplements to improve the 
quality of crop residues. 
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Abstract
‘Cachena’ is one of the world’s smallest bovine breeds. Extremely rustic and wild, they are extensively 
reared, and fed with natural pastures. Meat valorisation is essential to preserve this breed, with a limited 
livestock. ‘Cachena’’s meat is tender, juicy, low-fat, and highly appreciated due to the association of 
animal, terroir and producer, balanced by the ecosystem’s sustainability. The aim of this study was to 
increase the weight of Longissimus dorsi (LD) and Psoas major (PM) muscles, without depreciating 
their sensory quality. Two groups of 16 animals were slaughtered: (A) 9-17 months old animals with 
140-225 kg slaughter live weight (SLW); (B) 17-20 months old animals with 260-335 kg SLW. LD 
and PM muscles’ fresh weight was recorded, and microbiological and physicochemical parameters 
(pH and aW) were evaluated two days, while instrumental texture (Texture Profile Analysis (TPA) and 
Warner-Bratzler shear force (WBSF)) and sensory analyses by a trained sensory panel were performed 
four days after slaughter. Microbiological analyses were conducted following international standards 
to ensure food safety. LD and PM weights significantly increased with the animals’ age (P<0.01, LD, 
and P<0.001, PM). pH values were similar for both groups and aW was significantly higher in group 
A (P<0.001). Listeria monocytogenes and Salmonella spp. were not detected in any of the analysed 
samples. All analysed meat samples were generally tender, with PM tender than LD. Group A meat 
was tender (P<0.001) and easier to chew (P<0.001), for both muscles. Nevertheless, WBSF was higher 
(P<0.001). Regarding sensory analysis, no significant differences were observed in hardness, elasticity, 
succulence, and global appreciation between the two groups for LD meat. Moreover, fibrousness values 
were higher in group A (P<0,01). The higher SLW, from older ‘Cachena’ animals, associated to larger 
meat cuts, does not decrease meat tenderness.

Introduction
‘Cachena’ is one of the world’s smallest bovine 
breeds with a height of less than 1.15 m. Extremely 
rustic and wild, they are extensively reared, and 
fed with natural pastures. The male and female 
adult weight 450 and 250Kg, respectively. The 
total herd is small, 235 males and 7094 females, 
and is considered as a part of Portuguese genetic 
heritage. It is reared in South Alentejo, a very poor 
agricultural region of Portugal, therefore the meat 
valorisation is essential to preserve this breed, with 
a so limited livestock (www.cachena.pt).

‘Cachena’s meat is tender, juicy, low-fat, and 
highly appreciated due to the association of 
animal, terroir and producer, balanced by the 
ecosystem’s sustainability. However, the best 

meat cuts are small, which may condition its 
consumption. Moreover, the different tenderness 
of these noble meat cuts between distinct animals, 
has been reported by retailers as a major problem 
to consumption and a reason for complaints.

Texture is one of the most important attributes for 
the decision of the consumer and is influenced by 
several factors, such as the animal’s genetics, the 
feeding regime, its age, and weight at slaughter, 
as well as pre-slaughter handling practices. 
Additionally, tenderness has been reported to vary 
with meat cut, and between animals for the same 
meat cut. The influence of the abovementioned 
factors in the sensory attributes of meat are very 
important for producers and retailers to meet the 
consumers’ requirements.

http://www.cachena.pt
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The main goal of the GO-CACHENA project is 
to understand the relationships between genetics, 
feeding, age and weight of animals, with the 
quality of this delightful meat. The present study 
is part of GO-CACHENA and intends to analyse 
the relationship between the weight of two meat 
cuts – Longissimus dorsi (LD) and Psoas major 
(PS) – and their sensory attributes.

Materials and Methods
The animals were reared in a farm in Barrancos 
(South of Portugal) and were slaughtered at 
slaughterhouse (Beja, South of Portugal). Two 
groups of 16 animals were slaughtered: (A) 9-17 
months old animals with 140-225 kg slaughter 
live weight (SLW); (B) 17-20 months old animals 
with 260-335 kg SLW. LD and PM muscles’ fresh 
weights were recorded, and microbiological and 
physicochemical parameters (pH and aW) were 
determined two days after slaughtering in fresh 
meat. On the other hand, instrumental texture 
(Texture Profile Analysis (TPA) and Warner-
Bratzler shear force (WBSF)) and sensory analysis 
by a trained panel were evaluated four days post-
slaughter in cooked meat.

Microbiological analyses were conducted 
following international standards (ISO) to ensure 
food safety.

After sample homogenisation, pH was measured 
in duplicate with a pH meter (HI 9025; electrode 
FC 230B) equipped with a pH electrode (FC 
230B, Hanna Instruments, USA) according to 
the procedures described in ISO 2917, and water 
activity (aW) was determined using a Rotronic 
Hygrometer station (Rotronic Hygroskop DT) 
previously calibrated at 20 ± 1 ◦C with EA00-SCS, 
EA50-SCS and EA80-SCS Humidity Standards 
(Rotronic, Ettlingen, Germany).

2.5 cm thick steaks of each muscle were grilled in 
an electric grill until a temperature of 40 °C and 
were then flipped once and grilled until a final 
temperature of 71 °C was reached. To monitor 
the temperature of each steak throughout the 
cooking, a portable digital thermometer was used. 
Once cooked and cooled to room temperature, 
steak samples were packed in sealed plastic bags 
and cooled at 2 ± 1 ºC overnight. After TPA in a 
TA.HD.Plus (©Stable MicroSystems, UK) texture 
analyser, six rectangular pieces (1x1x2.5cm) of 
cooked steaks were cut along the muscle fibres, 

and sheared perpendicular to the fibre with a 
WBSF device with a V-shaped blade attached to 
the texturometer (Fabre et al., 2018; Veiseth-Kent 
et al., 2018).

For sensory analysis, samples were kept warm 
until serving. Panellists were served with 1x1x2.5 
cm samples in a covered plate, labelled with 
three-digit-codes. Panellists were trained to scale 
each attribute on a 15-cm intensity scale (0 = 
none and 15 = intense), where the middle point is 
considered the optimum value for each attribute 
(tenderness, elasticity, succulence and fibrousness) 
(ISO 4121:2003). Data were analysed according to 
analysis of variance (ANOVA) using StatisticaTM 
v. 12.0, software (StatSoft Inc, 1984–2014) for 
the factors group and muscle type. Differences 
between groups were identified based on Tukey’s 
Honest Significant Difference (Tukey’s HSD) test 
(P < 0.05).

Results
Table 1 shows LD and PM muscles fresh weights 
of Group A and Group B. These values are 
significantly different (P<0.001), confirming that 
the fresh weight of these muscles increases with 
the animals’ age.

Table 1:  Fresh weights (Kg) of Longissimus dorsi 
(LD) and Psoas major (PM) muscles from the two 
groups of animals (mean ± sd)

MUSCLES GROUP A G R O U P 
B

P VALUE 

LD 5.608 ± 
0.652

7.003 ± 
0.878

P<0.001

PM 1.563 ± 
0.157

2.225 ± 
0.356

P<0.001

No significant differences were detected in pH 
and aW values between the two muscles. Table 
2 presents pH and aW mean values for the two 
groups. Unlike pH values, aW revealed significant 
differences between the two groups.

Table 2: Physicochemical parameters pH and 
aW of the meat cuts of the two groups of animals 
(mean ± sd)
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 GROUP A GROUP B P VALUE 
pH 5.844 ± 0.210 5.864 ± 0.250 ns
aW 0.983 ± 0.004 0.960 ± 0.007 P < 0.001

ns – no significance

Listeria monocytogenes and Salmonella spp. were 
not detected in any of the analysed samples.

Regarding instrumental texture analysis, hardness 
values were 15.59 N ± 7.48 and 10.92 N ± 3.21 
(P<0.001), for LD and PM muscles, respectively. 
Chewiness values were 5.95 J ± 3.50 and 3.99 J 
± 1.64 (P<0.001), and springiness values were 
0.57 mm ± 0.10 and 0.60 mm ± 0.10 (P<0.05), 
respectively, for LD and PM muscles. Therefore, 
PM could be considered tender and easier to 
chew than LD. On the other hand, shear force 
was higher (P<0.001) for LD than for PM, with 
values of 30.121 N ± 9.129 and 25.898 N ± 5.78, 
respectively.

Table 3 shows the values obtained with TPA and 
WBSF for LD and PM muscles, for each group of 
animals. The meat of group A animals, which were 
younger and lighter, is generally tender (P<0.001) 
and easier to chew (P<0.001) than the meat from 
elder and heavier group B animals. The springiness 
is slightly higher in PM than in LD muscles 
(P<0.05), with however no significant differences 
between group A and group B animals. Regarding 
shear force values, they were significantly higher 
for group A (P<0.001), and inversely related with 
TPA hardness and chewiness values.

Table 3: Texture Profile Analysis (TPA) and 
WBSF of LD and PM muscles for the two animal 
groups (mean ± sd) 

GROUP (G) GROUP A GROUP B SIGNIFICANCE
MUSCLE (M) LD PM LD PM G M GxM

TPA Hardness (N) 
12.06 ± 

5.41
9.99 ± 
2.99 18.56 ±7.71 11.57 ± 3.22 *** *** ***

TPA Chewiness (J) 4.54 ± 2.40
3.82 ± 
1.64 7.13 ± 3.83 4.11 ± 1.64 *** *** ***

TPA Springiness (mm) 0.56 ± 0.10
0.61 ± 
0.11 0.58 ± 0.11 0.6 ± 0.1 ns ** ns

WB Shear Force (N) 
36.20 ± 

8.91
28.92± 

5.37 24.98 ± 5.42 23.69 ± 5.07 *** *** ***

*** P <  0.001; ** P < 0.01; ns – no 
significance

Sensory analysis was performed only for LD 
muscle. A previous experiment with the sensory 
panel had revealed PM muscle as very tender. If 
there were differences between the two groups, 
they will occur in the LD muscle, a less tender 
muscle. Additionally, the PM muscle was too small 
to provide enough samples to the entire sensory 
panel. Table 4 shows the results for the different 
sensory attributes.

Table 4: Sensory attributes of LD muscle in each 
group of animals (mean ± sd)

ATTRIBUTE GROUP 
A

GROUP 
B 

P 
VALUE 

Tenderness 7.66 ± 
1.84

7.74 ± 
1.64 Ns

Elasticity 7.16 ± 
2.06

7.37 ± 
1.88 Ns

Succulence 6.96 ± 
1.80

6.72 ± 
1.65 Ns

Fibrousness 7.38 ± 
2.45

6.79 ± 
2.21 P < 0.01

Overall ac-
ceptability

9.71 ± 
3.13

10.20 ± 
2.7 Ns

ns – no significance
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Succulence and fibrousness were higher in group 
A, while tenderness and elasticity were higher in 
group B meat samples. Overall, panellists preferred 
LD meat samples from heavier (group B) animals.

It should be noted that the results obtained for all 
attributes, but overall acceptability, showed values 
close to the optimum, namely 7.50. These results 
are in accordance with the hardness and chewiness 
TPA values, higher in group B meat samples.

Discussion
‘Cachena’ meat samples were found to be generally 
tender and were highly appreciated by the panel 
of trained assessors. As expected, older group B 
animals had higher muscle weights. Concerning 
physicochemical parameters, group B lower aW 
values might be due to higher water content in the 
meat of younger animals.

Regarding TPA, our results showed that PM meat 
samples were generally tender and easier to chew, 
which may be due to the structure of the Psoas 
major (PM) muscle that has more type I fibres 
than muscles such as Longissimus thoracis or 
Semitendinosus. Type I fibres have a smaller 
diameter when compared to other fibres (Lang et 
al., 2017). Furthermore, the same authors reported 
muscles with a low percentage of type IIB and 
a high percentage of type I fibres to be tender. 
Comparing the meat samples from the two animal 
groups, Psoas major (PM) was the most tender and 
the easiest to chew. Nevertheless, WBSF values 
were higher in group A meat samples. Assessing 
TPA and WSBF values together, both methods 
evaluated meat texture in a different way. WBSF 
cuts the meat fibres perpendicularly, as do incisor 
teeth, while TPA mimics the chewing with molar 

teeth compressing meat fibres (Novakovi and 
Tomasevi, 2017; Ricardo-Rodrigues et al., 2020). 
Novakovi and Tomasevi (2017) consider that both 
methods are useful for instrumental measurement 
of meat texture, with greater importance for TPA 
in raw beef texture evaluations.

Considering sensory analysis, group B LD meat 
samples were less tender and more elastic than 
those from group A. Hardness and springiness 
values followed this same tendency in TPA. 
Although with no significant differences between 
the two groups, panellists found group A meat 
samples to be slightly more tender than group B 
samples, confirming the results obtained in the 
TPA. Succulence and fibrousness values were 
higher in group A meat samples. The higher 
succulence values in group A samples might 
be related with the higher aW values observed 
for group A meat cuts.Finally, panellists overall 
preferred group B meat samples, although no 
statistically different scores were given. Moreover, 
it must be highlighted that a maximum score of 
15 was possible for the “Overall acceptability” 
sensory attribute. Therefore, considering the 
values generally given by panellists to all meat 
samples, it is possible to conclude ‘Cachena’ meat 
was highly appreciated.

In the present study, we observed some differences 
in the quality attributes of meat samples from 
different muscles and coming from animals with 
different ages and live weights at slaughter. These 
differences, although statistically significant, were 
not very expressive. Taking the overall preference 
of panellists into account, it might be acceptable 
to commercialise larger meat cuts from older 
animals, with the consequent higher income for 
the producers of ‘Cachena’ animals.
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Abstract
The state of Maranhão, Brazil, has been among the country’s fastest-growing cattle regions in recent years 
and it now faces important conflicts for beef production. Pasture degradation, low cattle productivity, 
and land-use changes due to agriculture and forestry expansion are key challenges. Additionally, 
beef production systems are a focus for emissions reduction, particularly in the context of increasing 
deforestation and its impact on global warming. A sustainable intensification of currently used pastures, 
enhancing economic viability and reducing environmental effects of beef production can help to 
mitigate the climate impact. Since economics is an important incentive in the decision-making processes 
of farmers, we analysed the effects of greenhouse gas (GHG) mitigation strategies on performance, 
economics and emissions in a representative north-eastern Brazilian beef production system. Improved 
pasture and herd management, feed supplementation and Silvopastoral Systems (SPS) were included. 
Based on a case study, we applied six strategies to the production system, covering the complete cycle 
from cow-calf (CC) to finishing cattle (FIN). We compared the improved production scenarios to the 
baseline representing the status quo of beef production in Maranhão. Our production-economic analysis 
shows a significant increase in land, labour and capital productivity, resulting in increased whole farm 
profitability. The scenario is long-term profitable, covering direct costs, depreciation and opportunity 
costs. Applying IPCC methodology, we found a reduction of GHG emissions per kg live weight 
added by 29 % in CC and by 45 % in FIN. Considering the increased stocking rate, enhanced carbon 
sequestration via SPS systems are necessary to counterbalance the increased emissions per land unit. 
Our results confirm the possibility to offset beef-production-related emissions by SPS. With regard to 
effects and economic implications, our findings contribute valuable knowledge on available, appropriate 
and feasible pathways for upscaling sustainable beef production. 

Introduction 
Agriculture and land use (LU) are important 
sources of greenhouse gas emissions globally. 
Especially in countries where agriculture has a 
high importance for the gross domestic product, 
it is a challenge to comply with the goals set by 
the Paris Agreement. In Brazil, agriculture, land 
use und agriculture-related land use changes 
play an important potential role in this regard 
(Azevedo et al., 2018). Besides the establishment 
of new cropping areas, beef production and the 
emergence of new pastureland are important 
drivers of the expansion of the agricultural 
use areas. The International Panel on Climate 
Change (IPCC) addresses LU as a major role for 

climate change mitigation (IPCC, 2019a). In this 
context, multifunctional land use systems such 
as silvopastoral systems (trees, shrubs, grass, 
animals) have attracted recent attention. These 
systems combine diversified land productivity with 
climate adaptation and benefit biodiversity. They 
sequester more carbon than conventional pasture 
systems and can release pressure on ecosystems 
by increasing land productivity (Mauricio et al., 
2019). However, their integration into Brazilian 
beef production is still in an initial phase. With 
this case study research, we sought knowledge on 
silvopastoral systems and their likely impact on 
farm economics and greenhouse gas emissions of 
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diversified farms in Maranhão.

Materials and Methods
We compare two farming systems. The baseline 
production system describes the typical beef 
production in Imperatriz, Maranhão based on data 
established by CEPEA (see reference list). In the 
state of Maranhão, beef production usually takes 
place in a two-stage system, where CC (cria) and 
FIN (recria-engorde) are separated from each 
other. Despite the fact that the beef production 
takes place in the Amazon biome, the share of 
natural vegetation on these typical farms is only 30 
percent. The improved scenario (SPS) is based on 
a real farm, located near the city of São Francisco 
do Brejão. It integrates cow-calf and finishing on 

the same property and 50% of its area is reserved 
for natural vegetation. On 430 ha, pastures are 
managed with a permitted natural regeneration 
of native trees. On 70 ha, a silvopastoral system 
with eucalyptus row plantings, legumes and 
improved grasses has been established. Compared 
to the baseline production scenario, the improved 
production scenario integrates subdivision of 
pastures, rotational grazing practices, legume 
integration, native tree regeneration and eucalyptus 
plantation, feedlot finishing and improved fertility 
management. In addition, the animals receive 
clean water and supplementary mineral feeding 
and pasture areas are established with a mixture of 
grass species and legumes. The farm characteristics 
of the baseline and SPS systems are displayed in 
Table 1.

Table 1: Farm characteristics of the 
baseline scenario and the SPS scenario

Farm characteristics Baseline SPS scenario

Land coverage
70% open pasture, 30% 
natural vegetation (for-
est)

43% pasture with legumes and natural regen-
eration, on this area annually 1,5% is doubled 
cropped with maize before pasture renewal, 7% 
silvopastoral systems with eucalyptus row plant-
ing, improved pasture and legumes, 50% natural 
vegetation (forest)

Stocking rate
CC: 0,4 Animal units 
(AU) / ha, FIN: 0,7 AU 
/ ha

CC: 2,25 AU / ha, FIN: 3,7 AU / ha

Pasture species

70% Panicum maxi-
mum, Brizantha brizan-
tha cv Marundu + 30% 
Panicum maximum cv 
Mombaca

50% Panicum Brizantha, Marundu + 25% Pani-
cum Mombaca + 25% Panicum maximum cv 
Massai grass, Mucuna pruriens established as 
double crop of 20% of area, Thitonia diversifolia 
and Glyricidia sepium established as double crop 
on 5% of area

Animal management 
systems Pasture grazing Pasture grazing, feedlot finishing 

The economic performance for the farming 
systems have been calculated using the TIPI-Cal 
tool (Deblitz; Hemme et al., 1997). For ease of 
comparability, both production scenarios have 
been projected to a total farm size of 1000 ha 
(including the area reserved for natural vegetation), 

integrating cow-calf and beef finishing. The 
greenhouse gas emissions have been calculated 
by following the 2019 refined methodology of 
IPCC (IPCC, 2019b). Animal activity data, feed 
characteristics and land management information 
are in Table 2. 
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Table 2: Animal performance, feed characteristics and land management

Baseline SPS scenario
Age at first calving 36 months 36 months
Replacement rate 10% 18,5%
Pregnancy rate 60% 80%
Weight at weaning 160 kg 200 kg
Daily weight gain 360 g/day 720 g/day
Age at slaughter 41 months 22 months

Feeding periods Pasture + minerals

CC: Mixed pasture + minerals for 12 
months + protein during wet seasons
FIN: Mixed pasture + minerals for 12 
months + protein during wet seasons, 3 
months grain finishing with protein supple-
ment

Feed digestibility CC: 55%, FIN: 55 % CC: 56%, FIN: 60 %
Protein content of feed ration CC: 7,6%, FIN: 8,5 % CC: 8,5%, FIN: 10,3 %

Pasture management
Renewal all 17 years 
(CC), all 10 years 
(FIN)

Renewal all 5 years (CC), all 10 years 
(FIN)

Pasture inputs

Partial re-seeding, no 
fertilizer, no soil im-
provement, cleaning 
(chemical)

Partial re-seeding, phosphate fertilizer, soil 
improvement (Dolomite)

 
Results
Greenhous gas emission analysis
We anticipate higher greenhouse gas emission 
from the beef production activity (Figure 1). 
This is linked to the higher stocking rate, the 
thus increased number of animals, the increased 
performance, increased emissions from manure 
management during feedlot finishing and also to 
the increase in supplements purchased off-farm. 

Besides, we also see an increase in emissions 
from land management due to the higher amount 
of excretions by the animals, the increase in 
pasture renewal and soil improvement activities. 
Nevertheless, the emission intensity per kg LW 
added decreases to 71% in the CC production and 
55% in the FIN production.

Figure 1: Annual greenhouse gas emissions in kg CO2 equivalents per ha, and per kg liveweight (LW) 
added (CH4: 28 CO2-eq., N2O: 265 CO2-eq.) 
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We assume an increase of soil carbon due to 
improved pasture management following the 
IPCC default values for LAC soils shifting from 
moderately degraded (CC) and nominally managed 
(FIN) to improved grasslands with medium inputs. 
Additionally, we assume a carbon sequestration 
potential of the eucalypt plantations of 4.75 Mg c/
ha/year (Figueiredo et al., 2017). Together with the 
increased biomass growth of pasture and bushes, 
the carbon capture of the SPS system outweighs 
the increased emissions from the increased animal 
herd (see Table 3). The additional effects of native 
tree regeneration as well as avoided deforestation 
are expected to improve the carbon balance further.

Table 3: Annual sequestration potential in kg CO2 
per ha cultivated area

Baseline SPS scenario
Soil sequestration       0   1772 kg
Biomass sequestra-
tion

13366 kg 79583 kg

Sequestration in 
Eucalyptus 

      0   2436 kg

Farm economics analysis

The baseline production scenario can be 
summarised as low-input-low-output production 
system. Land costs represent a significant part 
of the total costs. This production system is only 
profitable in the short-term, not being able to 
remunerate opportunity costs for land and labour. 
The SPS scenario is profitable in the long-term. 
However, it requires high capital investment in 

forage production, animal production and labour 
force. The results of the economic analysis are 
displayed in Figure 2.

Discussion 
Our findings confirm the positive aspects, 
silvopastoral systems can provide in comparison 
to conventional grassland-based production: A 
reduced emission intensity for beef production, 
increased carbon sequestration in soil and biomass 
alongside with positive economic indicators 
making beef production sustainable, also 
economically.

The farm economic analysis indicates major 
challenges of the establishment of these production 
systems. Although the overall revenue is positive 
for silvopastoral systems, they require substantially 
more capital investment than conventional beef 
production systems. Where credit access is not 
well established and external investment is not 
commonly recognised, this imposes an important 
barrier to the spread of even economically 
beneficiary production methods. Additional labour 
force required for the management of pastures 
and animals might pose an additional challenge 
to farm owners. Training and knowledge transfer 
have not yet been considered. The same applies for 
the analysis of fall-out risks in case weather events 
interfere the establishment of pastures and tree 
plantations. The harvest costs and the expected 
returns from Eucalypt trees have been excluded in 
this analysis.

Figure 2: Whole farm costs, returns and profitability in 1000 USD

Beyond the farm scale, our results need to be 
carefully considered, as they bear the risk of 
rebound effects. The higher land productivity 
risks to be an even stronger driver of the further 
expansion of agricultural area into natural 
ecosystems, to name one potential threat. Any 
support for the establishment of silvopastoral 

systems should therefore foresee complementary 
measures to limit loss of natural habitats, e.g. via 
the implementation and enforcement of protection 
measures. In the case of the study region, SPS 
offer a great opportunity for combining economic 
growth with compliance to national laws at farm 
level.
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Abstract
Rangelands are the mainstay of pastoral and agropastoral livelihoods worldwide. They have provided 
forage for livestock and wildlife for centuries, but steady degradation of rangelands is causing increasing 
concern. Many rangeland managers believe exclusion of livestock grazing for extended periods would 
allow degraded rangelands to recover. The purpose of this current ongoing research is to evaluate the effect 
of high-intensity short-duration grazing on plant density, species richness and botanical composition on 
arid rangelands during favorable years. The site, which is protected for two years in southern Tunisia 
and covers an area of 6 ha, was grazed by a flock of about 150 heads of sheep for one week. The 
grazing took place towards the end of the spring season just after seed dispersal. The measurements were 
taken before and after grazing using the quadrats method. Preliminary findings revealed no significant 
difference in plant density, richness, and botanical composition of perennial species. On the contrary, the 
annual species decreased. In conclusion, short-duration grazing systems do not affect perennial plants 
that permit greater forage selectivity. As temperatures start rising in late spring, livestock is forced to 
select annual plants due to their higher palatability and higher water content without damaging perennial 
plants. In addition, grazing removes oxidized plant material from perennial species that would otherwise 
remain on top of the plants, prevent photosynthesis, and cause the plant’s death after several years.         

Introduction
Many previous studies have assessed the effects 
of different grazing systems and several studies 
agreed that grazing is one of the most influential 
factors leading to rangeland degradation, while 
other observations showed an inverse trend. A 
number of studies have found positive to neutral 
impacts of grazing and considered that grazing 
is a suitable tool for rangeland management by 
enhancing productivity and diversity (Dorrough et 
al., 2007; Kohyani et al., 2008). The idea of short 
duration grazing, introduced by Goodloe (1969) 
then developed by savory in the 80s, became a 
widely popular and controversial tool for grazing 
management. The purpose of this recommended 
alternative practice is to increase stocking density 
while maintaining rangeland durability (Savory 
1978). High-intensity, short-duration grazing 
system can drive significant improvement and is 
important as the rest period (Goodloe, 1969; Weltz 
and Wood, 1986; Joseph et al., 2002). In Tunisia, 
no studies have been conducted to investigate the 
effects of the high-intensity, short-duration grazing 
system on rangeland. The purpose of this study is 

to assess the extent of intensive pressure of grazing 
for short duration on the vegetation of the arid 
rangeland of southern Tunisia. The eventual goal 
of the experiment is to be able to give appropriate 
alternative recommendations to rangeland owners 
who desire to enhance livestock production while 
caring for the  rangeland health.

Materials and Methods 
The studied area consisted of a protected area of 
Haloxylon schmittianum steppe which have been 
grazed continuously yearly before two years when 
the grazing exclusion was established. It is located 
in the south of Tunisia, 30 km East of Tataouine. 
The climate is arid with an average annual 
precipitation of 80 mm. Annual precipitation in 
the years 2017/2018 and 2018/2019 was 253 and 
120 mm, respectively. The sampled areas were 
excluded from livestock grazing for two years by 
implementing rest practice until the first sampling 
of vegetation in May 2019. After the first sampling, 
livestock was allowed to graze the rangelands 
for one week toward. The paddock, covering an 
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area of 6 ha, was grazed by a stocking rate of 150 
heads of sheep. The grazing took place toward the 
end of the spring season just after seed dispersal 
and before the plants die and begin to dry and 
become less nutritious to grazing animals. Density 
measurements were taken randomly before and 
after grazing using quadrat method. The density 
of perennial and annual plants was determined by 
counting the number of each species within nine 1 
m2 quadrats. Total species richness was measured 
by counting the number of species occurring in 
the area. One-way Analysis of Variance (ANOVA) 
was performed to determine whether significant 
differences were found between the two grazing 
systems using IBM SPSS Statistic version 26.

Results
Density

Figure 1 shows the change in mean perennial and 
annual density along management system. The 
density of perennial species did not differ among 
treatments (p ˃ 0.05) and was not affected by 
intensive short-duration grazing. Results show 
that the mean of perennials density does not 
exceed 4 species/m2, which remained unchanged 
under high-intensity short-duration grazing. 
Contrariwise, annual species density significantly 
decreased under continuous and intensive short-
duration grazing (p < 0.001). Before grazing, the 
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density of annual species was 29 species/m2, which 
has decreased to 3 species/m2 after intensive short-
duration grazing treatment.

Figure 1: Density of perennial and annual species 
monitored for the period before and after grazing 
plot.

Species richness and botanical composition

Table  1 shows the species richness of the treated 
plot before and after grazing. The total number of 
species recorded at the beginning of the experiment 
before grazing was 35 species: 12 perennials and 
23 annuals. High-intensity, short-duration grazing 
caused a decrease in the number of annual species 
to 6, but it did not cause a decrease in the number 
of perennial species, which remained unchanged 
at 12 species.

Table 1: Species richness and botanical composition before and after grazing

Perennials species B. grazing A. grazing Annuals species B. grazing A. grazing
Argyrolobium uniflorum + + Anacyclus clavatus + -
Atractylis serratuloides + + Anacyclus monanthos + +
Fagonia glutinosa + + Arnebia decumbens + +
Haloxylon schmittianum + + Astragalus corrugatus + -
Haloxylon scoparium + + Atractylis carduus + +
Helianthemum kahiricum + + Calendula arvensis + -
Helianthemum sessiliflo-
rum + + Centaurea furfuracea + -
Kickxia aegyptiaca + + Convolvulus arvensis + -
Retama raetam + + Cutandia dichotoma + -
Rhanterium suaveolens + + Daucus sahariensis + +
Salsola vermiculata + + Echium humile + -
Sipa lagascae + + Erodium laciniatum + +
Total 12 12 Hippocrepis areolata + -

Ifloga spicata + +
Launaea angustifolia + -
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Perennials species B. grazing A. grazing Annuals species B. grazing A. grazing
Launaea fragilis + -
Medicago laciniata + -
Paronychia arabica + -
Picris asplenioides + -
Plantago ciliata + -
Plantago coronopus + -
Schismus barbatus + -
Stipa capensis + -

   Total 23 6

Discussion 
Haloxylon schmittianum steppe is a kind of 
vegetation community covering more than 600,000 
ha and accounts for 14% of the total rangelands of 
Tunisia (located in the most southern and driest 
part of Tataouine). It is a constructive species in 
desert steppe that are generally composed of some 
xeric shrubs, such as Helianthemum kahiricum, 
Helianthemum sessiliflorum, and some desert and 
spring ephemeral  species. These shrubs are highly 
adapted  to the harsh conditions (Jauffret and 
Visser 2003; Gamoun et al., 2018). On the other 
hand, the high presence of therophytes mainly 
reflects the favorable climate conditions in these 
arid rangelands during the last two years. In the 
spring, when the rangeland is in a resting period, 
there is a greater variety of plant species available 
for selective grazing and grazing animals are 
highly selective when given the opportunity. 

The changes observed in our experiments relate 
to high-intensity short-duration grazing. As was 
expected, grazing had an adverse effect on plant 
density and the botanical composition. Meanwhile, 
the effect of grazing is observed only on annual 
species, however, we did not detect any grazing 
effect on perennial species. During a short period 
of grazing in late spring and when the vegetation 
cover is heterogeneous, animals are forced to 
graze only the annual plants due to their higher 
palatability (Van Oudtshoorn 1999; Wan et al., 
2015) and higher water content without damaging 
perennial plants. Conversely, the perennials 
species’ distribution was unchanged and was 

indicative of arid rangeland stability under grazing 
intensity. The effect of high-intensity short-
duration grazing on this rangeland was indirect, 
possibly by altering the microenvironment through 
fragmentation of the area of crusted soils and seed 
dispersal. 

In 2019, we started a grazing management 
experiment to gain some information about the 
effect of high-intensity short-duration grazing 
on vegetation dynamics and to obtain a basis for 
rangeland management advice.  

If grazing throughout the rainy year is a goal, 
its success is set up by good management at the 
beginning of the grazing season. Under favorable 
climatic conditions, intensive grazing systems for 
short-duration is an alternative proposition. This 
grazing system allows to graze annuals plants 
and would leave perennial plants to continue 
their growth without damage, which would be 
enhanced in the following years.  Moreover, the 
implementation of a short-duration grazing system 
proposes that increased animal impact, such as 
hoof action, created by high livestock densities 
may be advantageous to rangeland ecosystem that 
would improve rangeland productivity.   
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Abstract
Sake lees (SLs), produced from brewing Japanese Sake and known to be rich in yeast, is expected to 
be an alternative of feed protein sources for ruminants. Previous studies showed that yeast improved 
the digestibility of fibers in ruminants. However, the nutrient composition and the numbers of live and 
dead yeast in the SLs, have large diversity because of the different brewing materials and processes. The 
objective of this study was to evaluate the chemical and biological characteristics of SLs with diverse 
brewing processes and storing periods (0-23 weeks). Seven types of SLs (SLs 1-7) were collected from 
two breweries. SLs 1, 2, 5 and 6 were made from liquefied rice under high-temperature saccharification 
method and SLs 3, 4 and 7 were made from steamed rice under general multiple parallel fermentation 
method. The crude protein (CP) contents of SLs from liquefied rice were higher than those from steamed 
rice (59.3-69.9% vs 32.8-51.4%DM). Ethanol concentrations were in the range of 6.1 to 11.2%FM in 
SLs 1-5. The numbers of live yeast (×104 CFU/ FM g) were ranged from 1,462 to 6,109 before storing, 
which dramatically decreased to 0-145 at 4 weeks’ storing at 4℃ in SLs 1-5. The numbers of dead yeast 
(×109 / FM g) were ranged from 0.7 to 3.0 before storing, which were stable during 4 weeks’ storing 
showing 0.5-4.6 in SLs 1-5. These results suggested that SLs, especially from liquefied rice, had high 
CP contents and substantial amounts of ethanol. The live yeast observed drastically disappeared, on 
the other hand, the numbers of dead yeast were stable under refrigeration. Further study is needed to 
evaluate the effect of supplementary SLs on digestibility in ruminants especially in roughage feeding 
condition.

Introduction
Sake is a traditional Japanese alcohol beverage. 
The main sources of Sake are rice and yeast 
(Saccharomyces cerevisiae) for brewing. After 
brewing Sake, a great deal of leftover materials 
called Sake lees (SLs) was generated 39,000 tons/
year in Japan (NTA 2018), and also in Europe and 
USA. Sake lees is rich in nutrients such as yeast, 
crude protein, vitamins and amino acids. Therefore, 
SLs is expected to be an alternative of feed 
materials for ruminants in various regions. Previous 
studies suggested that yeast culture increased the 
number of cellulolytic microorganisms in rumen 
(Dawson et al., 1990; Harrison et al., 1988) and 
improved the digestibility of fibers in Holstein 
cows (Wiedmeier et al., 1987). However, the 
nutrient composition and the numbers of live 
and dead yeast of SLs have large diversity due 
to the different brewing materials and processes. 
The nutrient diversity should be considered when 
using SLs as feed for ruminants. The objective 
of this study was to investigate the chemical and 

biological characteristics of SLs with diverse 
brewing processes and storing periods at 4℃.

Materials and Methods
Seven types of SLs (SLs 1-7) were collected 
from brewery A in Kyoto and brewery B in 
Hyogo, Japan. The SLs 1, 2, 5 and 6 were made 
from liquefied rice under high-temperature 
saccharification method and SLs 3, 4 and 7 were 
made from steamed rice under general multiple 
parallel fermentation method. The samples were 
stored at 4℃ until subsequent analyses up to a 
maximum of 23 weeks. The dry matter (DM), 
crude protein (CP) and ether extract (EE) contents 
of SLs were determined using the methods 
described by the Standards of the Association of 
Official Analytical Chemists (AOAC 2016). The 
neutral detergent fiber assayed without a heat-
stable amylase and expressed exclusive of residual 
ash (NDFom) and acid detergent fiber expressed 
exclusive of residual ash (ADFom) were analyzed 
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according to the procedure described by Van 
Soest et al., (1991). The ethanol concentration 
was determined using a F-kit (UV-method; J.K. 
International Co. Ltd. Tokyo Japan).  The SLs were 
spread and incubated at 28 °C for 72 h on potato 
dextrose agar (FUJIFILM Wako Pure Chemical 
Corporation Osaka Japan), and the numbers of live 
yeast (colony forming units; CFU) were counted 
macroscopically. The numbers of dead yeast were 
counted using a buffered methylene blue solution 
(0.02%MB solution in phosphate buffer pH 4.6) 
according to the staining method by Painting and 
Kirsop (1990).

Results
Chemical compositions and ethanol 
concentrations 

Chemical compositions of SLs are presented 
in Table 1. The DM contents of SLs were in the 
range of 43.3 to 57.5%FM in SLs 1-7. The CP and 
NDFom contents of SLs from liquefied rice were 
higher than those from steamed rice (59.3-69.9% 
vs 32.8-51.4%DM; 20.2-22.9% vs 7.0-12.7%DM). 
Ethanol concentrations were in the range of 6.1 to 
11.2%FM in SLs 1-5 (Table 2). 

Table1:  Chemical compositions (%) of Sake lees.

Process Brewery DM CP† EE† NDFom† ADFom†

SLs 1 liquefied A 55.0 69.9 6.0 22.9 15.8
SLs 2 liquefied A 51.4 62.3 3.9 20.2   9.8
SLs 3 steamed A 46.9 34.8 1.0   7.0   N.A
SLs 4 steamed A 43.8 32.8 1.7 12.7   N.A
SLs 5 liquefied A 57.5 64.4 5.1 20.2   N.A
SLs 6 liquefied B 43.3 59.3 N.A  N.A   N.A
SLs 7 steamed B 43.6 51.4 N.A  N.A   N.A

†on a Dry matter basis; N.A, not analyzed.

Table 2: Ethanol concentrations (%FM) in Sake lees.

Process Brewery 2 weeks 4 weeks 6 weeks 16 weeks 23 weeks
SLs 1 liquefied A 11.2   7.6 7.5  N.A  N.A
SLs 2 liquefied A   6.6 10.6 8.0  N.A  N.A
SLs 3 steamed A   7.4 11.0 8.8  N.A  N.A
SLs 4 steamed A   9.9   8.1 7.7  N.A  N.A
SLs 5 liquefied A   N.A   N.A 6.4  7.4 6.1
SLs 6 liquefied B   N.A   N.A   N.A  N.A  N.A
SLs 7 steamed B   N.A   N.A N.A  N.A  N.A

N.A, not analyzed.

Numbers of live and dead yeast 

The numbers of live yeast and dead yeast are presented in Tables 3 and 4, respectively. The numbers of 
live yeast (×104 CFU/ FM g) ranged from 1,462 to 6,109 before storing but, then dramatically decreased 
to 0-145 at 4 weeks’ storing in SLs 1-5 (Table 3). The numbers of dead yeast (×109 / FM g) ranged from 
0.7 to 3.0 before storing, which were stable during 4 weeks’ storing showing 0.5-4.6 in SLs 1-5 (Table 
4).
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Table 3: The numbers of live yeast in Sake lees

Process Brew-
ery

The numbers of live yeast (×104CFU/FMg)
0 week 1 week 2 weeks 3 weeks 4 weeks 5 weeks 7 weeks 10 weeks

SLs 1 liquefied A 1462.3       38.3     8.5      0.2    0.1  N.A   N.A   N.A
SLs 2 liquefied A 6108.6 9959.8 74.3    20.2    0.7  N.A   N.A   N.A
SLs 3 steamed A 1492.1 2532.2 492.7 449.8 144.7   N.A N.A    N.A

SLs 4 steamed A 2552.2 177.0 10.5      0.9    0.9  N.A  N.A   N.A

SLs 5 liquefied A 1755.4   N.A   N.A 188.5   N.A 244.5   1.4  0.01
SLs 6 liquefied B    N.A   N.A     N.A    N.A   N.A  N.A  N.A   N.A
SLs 7 steamed B    N.A   N.A     N.A    N.A   N.A  N.A  N.A   N.A

N.A, not analyzed.

Table 4: The numbers of dead yeast in Sake lees

Process Brewery
The numbers of dead yeast (×109number/FMg)

0 week 1 week 2 weeks 3 weeks 4 weeks
SLs 1 liquefied A 2.4 2.3 2.3 1.8 2.7
SLs 2 liquefied A 3.0 3.5 2.7 4.0 4.6
SLs 3 steamed A 0.7 0.6 0.8 0.7 0.9
SLs 4 steamed A 0.8 0.8 0.8 0.8 0.5
SLs 5 liquefied A 2.0 2.4 2.2 1.9 2.1
SLs 6 liquefied B N.A N.A N.A  N.A N.A
SLs 7 steamed B N.A N.A  N.A N.A N.A

N.A, not analyzed.

Discussion 
The rice undergoes washing and steaming before 
fermentation in making Sake in the ordinary 
process (multiple parallel fermentation method; 
SLs 3, 4 and 7). On the other hand, under the 
new process (high-temperature saccharification 
method), the rice is not steamed, but liquefied with 
heat stable enzymes before fermentation (SLs 1, 
2, 5 and 6). In the new process, the starch from 
the rice appears to be converted into glucose by 
the enzyme preparation; the glucose is easily 
assimilated by yeast and thereby the yeast content in 
SLs increases as the fermentation progresses. The 
high total yeast contents (live and dead yeast) of 
SLs obtained from liquefied rice may be attributed 
to the difference of brewing process in this study. 
A previous study suggested that protein contents 
of SLs may result from yeast protein (Tsutsui et 
al., 1998). Therefore, the high CP contents of 
SLs from liquefied rice might have reflected the 

yeast content. In a previous study (Emery et al., 
1959), ethanol did not affect rumen fermentation 
and digestibility in cows; 800mL of 47.5% ethanol 
was administered via rumen fistula during the 
once-daily feeding. Ethanol concentration in SLs 
was 8.3% on an average, which might not result in 
adverse effects in ruminants in a small amount of 
feeding. In the present study, the numbers of live 
yeast observed drastically decreased over time, 
whereas the numbers of dead yeast were stable 
under refrigeration. However, it should be noticed 
that information on the effect of live and dead 
yeasts in SLs in ruminants is still limited. Further 
study would be needed to evaluate the effect of 
supplementary SLs on in vivo digestibility and 
rumen fermentation especially in roughage (high 
fibre contents) feeding condition in ruminants.
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Abstract
There is an urgent need to increase grain yields and animal products due to increasing human population 
in Africa. Push-pull technology (PPT) is a conservation agriculture intercrop technology which protects 
and enhances natural resources productivity and ecosystem services in mixed farming systems. The 
technology involves growing of a cereal crop with a repellent intercrop, Desmodium genus (silverleaf, 
D. uncinatum and greenleaf, D. intortum) with grass such as Pennisetum purpureum or Brachiaria spp. 
planted as a border around the cereal-legume intercrop. The plants accompanying the cereal crop are 
typically valuable high quality fodder thus integrating crop-livestock production. The PPT was initially 
developed in the high altitude areas which were mainly suitable for optimal growth of Desmodium sp. 
In contrast, Clitoria ternatea (Blue pea) is the recommended herbaceous forage legume crop for the low 
altitude areas. In addition, clitoria and dolichos demonstrated their ability to effectively repel stem-borer 
pests in push pull technology systems within the coastal lowlands. The experiments were established in 
four sites representing diverse coastal lowlands (CL) agro-ecological zones (CL3, CL4, and CL5). The 
species used in the system were:  maize (cereal crop, the main target by Spodoptera pests); climate-smart 
brachiaria grass (as a pull crop) and blue pea (as a push crop). It was demonstrated that the push-pull 
technology can also control FAW and that this system be promoted for provision of high quality fodder 
for livestock in smallholder mixed farms.

Introduction
Alongside other parts of coastal lowlands in East 
Africa, the coastal region of Kenya has potential 
for dairy production due to demand for fresh milk 
and other dairy products from a rapidly growing 
urban and rural population. Seasonal feed shortages 
and inadequate nutrient concentrations to support 
dairy production were reported in Muinga et al., 
1999. Despite the efforts by Government of Kenya 
working with other stakeholders to promote 
cultivated forages for dairy cows in the region, 
adoption of improved fodder crops production is 
low the region and natural vegetation are the main 
source of livestock feed (Njarui et al., 2016). 

Cereals, mainly maize, sorghum, millet and rice, 
are the main staple and cash crops for small-
scale farmers in Kenya contributing to food and 
nutrition security. However, the yields of these 
crops are under threat from the Fall armyworm 
(FAW), Spodoptera frugiperda (J E Smith) which 
invaded east African region in 2017 and caused 
substantial damage to  cereal production in the 

East African region (Kumela et al., 2018). The 
push-pull technologies for pest, soil fertility and 
Striga weed control (Khan et al, 2007) have been 
cited as a promising method of FAW control in the 
East African region (Midega et al., 2018). The PPT 
involves the use of forage legumes (Desmodium 
spp, Clitoria ternatea and Lablab purpureus) as 
a repellent of moth (push) and bordering fodder 
grass (Brachiaria species, Panicum spp, and 
Napier grass) to attract the moth (pull) (Njunie et 
al, 2014). The inclusion of fodder crops in the PPT 
system implies that the technology has potential 
of reversing seasonal feed shortages in mixed 
farming systems. This study was established to 
validate the use of PPT for FAW control, and also 
highlight the feed production component in the 
PPT cropping systems. 

Materials and Methods
The study was carried out in coastal lowland Kenya 
in CL3, CL4 and CL5 agro-ecological zones.  The 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/fall-armyworm
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soil and climatic conditions are described by 
Jaetzold and Schmidt, 2006. Matuga and Mtwapa 
sites are in the coconut cassava (CL3) agro-
ecological zone, Msabaha is in the cashew nut-
cassava (CL4) while Mariakani is in the livestock 
millet zone (CL5). The annual rainfall ranges from 
1000 to 1230 mm in CL3, 800 to 1100 in CL4 and 
600 to 900 mm in CL5. The soils are well drained, 
deep, low in available nutrients, and have low to 
moderate moisture storage capacity. The trial was 
established on station at three centres and in 12 
sites on-farm across Kilifi and Kwale counties. 
Two levels of fertilizer rate were applied (no 
fertilizer control and half recommended manure/
fertilizer rates). The five cropping systems studied 
were: sole maize, sole cowpea, maize-cowpea 
intercrop, maize-clitoria intercrop and maize-
cowpea-clitoria intercrop. The crops systems were 
planted with or without a brachiaria grass border 
around the cropping system. The trial was laid in 
a split -plot design with fertilizer rates as the main 
plots and cropping systems as the subplots. The 
design was Randomized Complete Block Design 
(RCBD). The on-station trial was replicated 4 
times and the experimental plots measured 6m by 
6m. . 

Establishing PPT trials

Brachiaria Mulatto II grass (the “pull” crop) 
seed was sown along the outer border of the 6m 
by 6 m plot dimensions.  Seed was drilled along 
rows 50 cm apart, at 20 cm intervals within the 
row. Clitoria (the “push” legume crop) was sown 
between every third and fourth rows of maize.  The 
first row of maize was 1 m away from the inner 
row of Brachiaria grass. Maize crop spacing was 
75 cm by 25 cm. Cowpea was planted spaced 50 
cm by 20 cm. The first row of cowpea was sown 
1 m away from the inner row of the brachiaria 
grass. In the maize-cowpea intercrop, the maize 
was sown at a spacing was 75 cm by 25 cm.   
Cowpea was intercropped between maize rows, 
without replacement. In the maize-cowpea-clitoria 
intercrop, clitoria was planted after every three 
maize rows, replacing a cowpea row.

Fertilizer was applied at two levels (no fertilizer 
control, full and half recommended manure/
fertilizer rates) applied in the planting holes. The 
half fertilizer rates was 20 kg N/ha, 20 kg P2O5/ha 
and 2.5 t/ha of manure equivalent. 

Trial management 
The push and pull crops being perennials are 
established once at the beginning of the first 
cropping season and are cutback at the beginning 
of every new annual crops planting season (Midega 
et al., 2015). 

Brachiaria grass was harvested at 3 months old 
or 1-1.5 m high after planting and used as fodder, 
harvesting started with the inner row nearest the 
maize, all around the field. Stubble height of 
10 cm above ground was left at harvesting. The 
second row was harvested only when the inner 
row attained 1-1.5 m high to ensure the presence 
of “pull” or trap during the maize growing stage.

Data collection and measurement

The methodology used for assessing pest damage 
was adapted from Midega et al., 2018. Fall army 
worm incidence, severity of damage and number 
of FAW larvae present in a plant were assessed 
during the maize crop growth stage at one week 
intervals beginning at two weeks after germination 
up to tasselling (at two weeks after first  ear  
(2WAE). Severity damage by FAW was recorded 
for five randomly selected maize plants per plot, 
score range of 1-6 (where: 1=clean; 6= most 
severe). To assess the number of larvae per plant, 
five maize plants were collected at random per plot 
for destructive analysis.

 At harvest, cob count per net plot was done. Field 
weight of the cobs was recorded. Shelling fraction 
was determined for every plot and field moisture 
content of the grain recorded to compute the grain 
yield per hectare at 13.5% moisture content. The 
plant count and compensation method was also 
used to get number of plants per plot. Maize stover 
was harvested from a net plot measuring 2.25 by 4.5 
m. The plants were cut at ground level, weighed, 
and samples taken for dry matter determinations.

Results 
Fall armyworm (FAW)

Based on the rating scale by Midega et al, 2018,  
rating of  FAW incidence ranged from none to low 
(0 to <25% plants with fall armyworm larvae) to 
high (>75% plants incidence). Very high incidence 
(>75% plants) was observed in all sole maize 
cropping systems without the PPT component 
crops (Table 1).   Low incidence (<25%) was 
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observed for sole-maize and maize-cowpea 
cropping system without fertilizer treatment and 
full PPT plant components.  The low incidence 
of FAW in nearly all the cropping systems with 
full PPT (maize +clitoria +brachiaria grass border) 
implies that this PPT system was effective in FAW 

control. The trend and severity of FAW damage on 
maize crop and larval counts were similar to that 
observed for incidence ratings.

Table 1: Monitoring incidence of FAW incidence, 
larvae counts and severity scores recorded on 
maize at Mtwapa during 2019 long rain season 

Cropping system FAW inci-
dence

Severity Larvae 

% Mean score mean per plant
Sole Maize no fertilizer 87.5 a* 1.5 abc 0.1 bc
Sole maize- fertilizer+ brachiaria border 85.0 a 1.8 ab 0.3 a
Sole Maize +fertilizer 77.5 a 1.8 ab 0.2 ab
Maize- cowpea +fertilizer+ brachiaria border 77.5 a 1.4 bcd 0.1 bc
Sole maize + brachiaria border  67.5 ab 1.3 cd 0 c
Maize- cowpea -+ brachiaria border 67.5 ab 1.3 cd 0.1 bc
Maize +fertilizer – clitoria-brachiaria border 
(PPT) 

62.5 ab 1.4 cd 0 c

Maize cowpea +fertilizer- clitoria-brachiaria 
border (PPT)  

42.5 bc 1.3 cd 0 c

Maize  no fertilizer - clitoria-brachiaria border 
(PPT)

35 c 1.1 d 0.1 bc

Maize- cowpea no fertilizer - clitoria-brachiaria 
border (PPT) 

17.5 cd 1.3 cd 0 c

Sole cowpea no fertilizer + brachiaria border 0 d 0 e 0 c
Sole cowpea +fertilizer + brachiaria border 0 d 0 e 0 c

Key: *figures followed by different superscripts 
are significantly different

Effect of cropping system on maize grain and 
stover yields

The effects of cropping systems in different 
sites and seasons are summarized in Table 2. 
Generally, performance of the maize crop under 
various intercropping systems was poor, as 
reflected in maize and stover yields across the 
sites and seasons. However, grain and stover yield 
were highest in the sole maize cropping system 
compared to intercrops. The sole maize cropping 
system had minimal competition for nutrients and 
soil moisture compared to other treatments.  

Effect of cropping system on fodder yield

The yields of brachiaria and clitoria are presented 
in Table 2. The yields of border rows were not 
significantly influenced by the cropping system. As 
expected, higher yields were recorded in the more 
sub-humid agro ecological zone CL3 compared 
to the semi arid CL5 (means CL3=4.9; CL5 = 0.3 

t ha-1). The forage legume yield was much lower 
than for the grasses due to competing effects of 
component crops (means CL3=1.0; CL5 = 0.6 t ha-

1). The forages harvested at different times can be 
fed to ruminant livestock.

Discussion and implication of the results
The FAW monitoring results clearly show that 
the push legume clitoria and pull grass brachiaria 
were effective in controlling FAW in the maize 
cropping systems. Previous research in the region   
reported by Njunie et al., 2014 had demonstrated 
the effectiveness of Clitoria ternatea as a push of 
stem borers from maize crop while using Napier 
grass as the trap crop. These results confirm that 
the push-pull technology using clitoria legume and 
brachiaria grass can also control FAW.

In addition, forage harvested from the trap crop 
borders and the legumes intercropped with the 
cereal crop are proven high quality feeds for 
livestock and contribute to seasonal fodder 
availability.  Improved animal performance has 
been recorded where brachiaria grasses were fed 
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to lactating dairy cattle and   growing galla goats 
(Njarui et al, 2016).  Increased milk production 
has been recorded where lactating dairy cattle 
were fed Napier grass cv. Bana supplemented with 
forage legumes (Juma et al., 2006). 

It is hereby suggested that the PPT be promoted 

for integrated pest and soil fertility management 
in cereals, along with increased feed for livestock 
and food production.

Table 2: Effects of cropping system on yield of maize in different agro-ecological zones and seasons.

Cropping system CL3 Mtwapa Matuga  CL3 CL5 Mariakani

LR 2019
SR 

2019
LR 

2019
SR 

2019
LR 

2019
SR 

2019
 _________ Maize grain (t/ha) _____________

Sole maize 4.8 a‡ 2.0 a -±  0.1  - 4.1 a  
Sole Maize-bra-
chiaria border 1.7 ab 0.3 ab

-
 0.0  

-
2.4 ab

Maize-clitoria-
brachiaria border 
(PPT) 1.2 b  0.1 b

-

 0.0  

-

1.8 b  
Maize-cowpea- 
brachiaria border 0.9 b 0.1 b

-
 0.1  

-
0.8 b  

Maize-pulse- 
clitoria-brachiaria 
border (PPT) 0.8 b 0.3 b

-

 0.0  

-

0.7 b

 __________ Maize stover yield (t/ha)   __________

Sole maize -  -  4.7 a 0.7 a 0.3 2.3  
Sole Maize-bra-
chiaria border

-
 

-
2.8 b - 0.2 1.3  

Maize+clitoria-
brachiaria border 
(PPT)

-

 

-

 2.9 b 0.2 b 0.0 1.1  
Maize-cowpea+ 
brachiaria border

-
 

-
 1.8 b 0.3 b 0.1 1.1  

Maize-cowpea-
clitoria+brachiaria 
border (PPT)

-

 

-

 1.6 b  0.1 b 0.0 1.1  

 __________ Brachiaria yield (t/ha)   __________
Sole Maize-bra-
chiaria border

-  - - 4.11 - 0.26  

Sole cowpea bra-
chiaria border

-  -  - 5.37 - 0.26  

Maize+clitoria-
brachiaria border 
(PPT)

-  -  - 4.43 - 0.23  

Maize-cowpea+ 
brachiaria border

-  -  - 5.42 - 0.29  
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Cropping system CL3 Mtwapa Matuga  CL3 CL5 Mariakani

LR 2019
SR 

2019
LR 

2019
SR 

2019
LR 

2019
SR 

2019
Maize-cowpea-
clitoria +brachi-
aria border (PPT)

-  -  - 5.01 - 0.23  

 __________ Clitoria yield (t/ha) Ŧ  __________
Maize-cowpea-
clitoria +brachi-
aria border (PPT)

-  -  - 0.91 - 0.42  

Maize+clitoria-
brachiaria border 
(PPT)

-  -  - 1.10 - 0.70  

Key: ‡figures followed by different superscripts are significantly different; ± Information not captured 
during the season

Ŧ Yield captured for the cropping systems with the “push” legume
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Abstract
Organic dairy production in the USA is growing, but most forage systems research focuses on conventional 
production practices. As a result, organic dairy producers have limited science-based information to 
assist with farm and livestock management. The objective of this project was to use a multi-faceted 
approach to determine the ideal species mixtures for organic dairy production as well as document 
forage quality, forage yield, soil characteristics, milk production and milk quality during the grazing 
season. The forages studied ranged from a single species monoculture to a four species mixture of warm 
and cool season grasses and legumes. Nine distinct forage systems were seeded into small plots at the 
University of Tennessee and University of Kentucky research farms using organic practices. These plots 
were monitored for three years for yield, quality, species composition, and soil characteristics. The four 
best performing forage systems were planted in small paddocks on organic dairy farms in Tennessee 
and Kentucky to evaluate forage yield, forage quality, seasonality of production, and suitability for on-
farm milk production. The superior forage system was established on a 4 ha paddock and compared 
the existing forage system used by each of the dairy farms. These larger paddocks allowed continued 
measurements of forage yield and quality, as well as measurements of milk production, milk quality, and 
grazing behaviour of the animals. The information from this project is currently being incorporated into 
a total farm management system for organic dairy producers in the Southeastern USA.  

Introduction
The demands for organic milk continue to rise 
in the United States, with supply not keeping 
pace with demand.  In the southeast, pastures are 
available for extended periods of time compared 
to the midwest and northeast, and there is an 
opportunity to increase the supply of organic milk 
while minimizing costs spent on grains and fuel. 
There also is increasing interest by producers in the 
Southeast to transition to organic milk production 
as a means to increase the viability of small, 
family farms. However, there is limited research 
and extension information from this region to help 
with the transition to organic or help farmers once 
the switch to organic has been established. This is 
especially true in the areas of forage management, 
maximizing forage use for greatest efficiency and 
productivity, animal health, managing heat stress, 
economics of organic systems, and effective 
decision support tools. 

The overall objective of this project was to use 
a multi-faceted approach to determine the ideal 
species mixtures for organic dairy production in 

the Southeastern USA as well as document forage 
quality, forage yield, soil characteristics, milk 
production, milk quality and animal health during 
the grazing season. This paper focuses on the 
forage components and economics of the project 
and future papers will highlight the animal health 
and milk quality aspects of the research.

Materials and Methods
Agronomic Research - This research project was 
initiated with a study that compared standard 
perennial monocultures with simple and complex 
mixtures of species and functional groups (warm- 
and cool-season annual and perennial grasses and 
legumes) in order to determine feasible forage 
mixtures suited to organic production in the 
region. Small plots (1.5 x 7.5m) were established 
on the organic research units of the University of 
Kentucky, Lexington, KY and the University of 
Tennessee, Knoxville, TN. Nine forage mixtures 
were planted in a randomized complete block 
design with four replicates. Initial establishment 
was fall of 2015, with some reestablishment in TN 
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spring of 2016 and harvests occurred during the 
2016-2018 growing seasons. Annual warm and 
cool season components were planted in May and 
September each year, respectively. These plots 
were managed organically with no application of 
herbicides, insecticides, or commercial fertilizers. 
The growth and maturity stage of the plots were 
assessed weekly to ensure timely harvests. 
The forage mixtures were as follows: A - red 
clover (Trifolium pratense L.) monoculture; B - 
orchardgrass (Dactylis glomerata L.) monoculture; 
C - red clover + orchardgrass mixture; D - alfalfa 
(Medicago sativa L.) + orchardgrass mixture; 
E - red clover + orchardgrass + novel endophyte 
tall fescue (Schedonorus arundinaceus (Schreb.) 
Dumort.) mixture; F - red clover + orchardgrass 
+ crabgrass (Digitaria ciliaris (Retz.) Koeler) 
mixture; G - red clover + annual ryegrass (Lolium 
multiflorum (Lam.) Husnot) + crabgrass mixture; 
H - crimson clover (Trifolium incarnatum L.) + 
annual ryegrass followed by sorghum-sudangrass 
(Sorghum bicolor (L.) Moench x S. bicolor (L.) 
Moench var. sudanense (Piper) Hitchc.) + cowpea 
(Vigna unguiculata (L.) Walp.) mixture; and I - 
crimson clover + annual ryegrass followed by 
crabgrass + annual lespedeza (Kummerowia spp. 
Schindl.)  

Economic Modelling – One component of this 
project was the development of a linear programing 
model to represent a typical whole-farm organic 
dairy operation in the Southeastern United States. 
The representative dairy farm modelled was based 
on actual organic dairy operations in Tennessee 
and Kentucky. The model was designed investigate 
and optimize enterprise and feed options for the 
operation.

Results
The highest yielding treatment in Kentucky over 
the 3 year study was the alfalfa/orchardgrass 
mixture (Fig. 1). In contrast, 150 miles south in 
Tennessee, the cool season/warm season mixture 
of crimson  clover/annual ryegrass and sorghum-
sudangrass(SS)/cowpea was the highest yielding 
mixture (Fig. 2). 

During the summer of 2016 the perennial cool 
season forage treatments had the highest summer 
crude protein (CP) (~20%) in KY with the 
exception of the pure orchardgrass stand. Crude 
protein values in TN were overall lower than KY 
(<13%) and the lowest CP was the high yielding 
SS containing mixture at 8%. Fiber values were 
similar for all treatments in KY (NDF=39-45), 
with the exception of the SS treatment at NDF=55. 
In Tennessee, NDF values were all above 50 and 
the SS value was highest at NDF=64. The alfalfa/
orchardgrass ADF value was 29 in KY, but not 
significantly different than the other treatments 
that ranged from ADF=30-35. In TN, the 
crabgrass/annual lespedeza mixture had the lowest 
ADF at 34, with the other treatments ranging from 
ADF=38-43. Overall, forage quality was related 
to the legume percentage in the mixtures, partly 
explaining the higher forage quality for most of 
the treatments in KY. 

Discussion
The economic modelling component used the 
small plot and on-farm data and was published 
in Agricultural Systems Journal by Allison et al., 
(2021). The model showed that the perennial cool 
season mixture provided the most cost efficient 
forage production in comparison to the annual 
cool/warm season mixtures mainly because of the 
added cost of planting annual forages twice per 

Figure 1: Yield of organically managed warm and cool season forages in Kentucky 
averaged over the 2016, 2017, and 2018 growing seasons.
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year. Based on 2019 organic milk price levels, the 
modelled farm was profitable, but price trends for 
organic milk and the cost of transitioning to an 
organic dairy production system created significant 
potential challenges. The model confirmed the 
cost-effectiveness of significant feed allocation 
through grazing (a minimum of 30% dry matter 
intake from grazing is required for USDA 
certified organic production), but the production 
and purchasing of additional supplemental feeds 
provided economically viable increased milk 
production. 

Agronomically, the results from the small plot 
research agree with the conclusions of the 
modelling project, in that the yield and quality of 
the alfalfa/orchardgrass mixture (at least in KY) 
was superior to the annual mixture containing 
sorghum-sudangrass. It is important to note that 
these conclusions were based on organic forage 
production, in a conventional system with high 
fertilizer N inputs, the annual warm season forages 
would likely have higher yields and potentially 
higher quality.

Application of Research 

Based on the yield and quality results of these 
small plot studies, four mixtures were planted 
in on-farm trials in KY and TN. The results 
from these on-farm trials were incorporated 
into an Excel based decision support tool that 
provides producers the ability to calculate 
estimated costs of production for organic 
pasture mixtures. This decision tool also allows 
producers manipulate all of the input options. 
The tool does not take forms of revenue 
into consideration, but considers input and 
machinery costs relevant to annual yields. All 
calculations are done on a per unit area basis 
as well as at the whole-farm level. The field 
sizes are in acres (2.5 acres = 1 ha) and English 
units of yield (1 lb = 0.4 kg and 1 ton = 0.91 
tonnes) to better facilitate interpretation by US 
producers. Individual sheets are provided for 
each budget, and a summary sheet is used to 
easily compare total

Figure 2: Yield of organically managed warm and cool season forages in Tennessee aver-
aged over the 2016, 2017, and 2018 growing seasons.
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Figure 3: General input quantities and prices are accounted for on the Inputs page. The seed quantities 
and yields that are present are the actual values from on-farm research trials.

Figure 4:  A summary page displays costs per acre for each mixture. The summary page is useful to 
compare costs across mixtures or to produce a whole farm budget that includes several forage mix-
tures. 

Conclusions
This research demonstrated that complex forage mixtures can be beneficial for organic dairy producers, 
but perennial cool season mixtures likely provide the most economical forage production in the transition 
zone of the United States.

Acknowledgements
This work was supported by a United States Department of Agriculture National Institute of Food and 
Agriculture OREI grant (2015-51300-24140). The authors wish to thank the producers who participated 
in the study, team members from the University of Kentucky and the University of Tennessee, and the 
under-graduate and graduate students who aided with data collection.     



610

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

References
Allison, J., Burdine, K.H., Dillon, C., Smith, S.R., Butler, D.M., Bates, G. and Pighetti, G. 2021. 

Optimal forage and supplement balance for organic dairy farms in the Southeastern United 
States. Agricultural Systems, 189 (2021) 103048. http://doi.org/10.1016/j.agsy.2021.103048

Allison, J., Smith, S.R., and Burdine, K.H. 2019. Organic forages for pasture – estimated costs of 
production. Joint University of Kentucky and University of Tennessee publication. http://
forages.ca.uky.edu/file/decisionaids



611

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings
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Abstract
The inclusion of herbage in the diet of medium yielding dairy cows offered a total mixed ration (TMR) 
may be beneficial. This study, which involved mid lactation dairy cows, examined the effect of partial 
replacement of a TMR with annual temperate pasture. Treatments were ad libitum TMR (TMR100), 
75% ad libitum TMR + ryegrass (Lolium multiflorum ‘Maximus’) (TMR75), and 50% ad libitum TMR 
+ ryegrass (TMR50). Twelve multiparous Holstein and F1 Jersey × Holstein cows were divided into six 
homogeneous groups, taking account of milk production (26.6 ± 4.5 kg/day), days in milk (128 ± 50) 
and body weight (546 ± 31 kg).  Treatments were compared in a replicated 3×3 Latin square design, 
comprising three 21-day periods (measurements during final 5 days). Cows on TMR75 and TMR50 strip 
grazed between morning and afternoon milking (7 h/day), with a target pre- and post-grazing sward 
height of 24 and 12 cm, respectively. Herbage DM intake was estimated as the difference between pre- 
and post-grazing herbage mass. The TMR and herbage had a crude protein content of 150 and 303 g/kg 
DM, and a NDF content of 366 and 495 g/kg DM, respectively. Herbage DM intake increased from 4.8 
kg/day in TMR75 to 6.7 kg/day on TMR50. Total DM intake decreased from 19.4 kg/day (TMR100), to 18.1 
and 15.9 kg/day (TMR75 and TMR50, respectively). Milk production, milk fat and milk protein content 
were similar between treatments, averaging 25.6 kg/day, 44.6 g/kg and 33.7 g/kg, respectively. The 
net energy for lactation (NEL) supply was 113, 104 and 92% of NEL requirements, for cows receiving 
TMR100, TMR75 and TMR50, respectively. Ryegrass pastures were able to replace up to 50% of TMR 
offered to mid lactation dairy cows without any adverse effects on milk production and milk composition.

Introduction
Full time grazing systems are normally unable to 
supply all of the energy requirements of lactating 
dairy cows (Kolver and Muller 1998)milk 
production (29.6 vs. 44.1 kg/d, and often do not 
provide a constant supply of herbage throughout 
the year (Wilkinson et al., 2020)some challenges 
to the grazing cow are discussed together with 
opportunities for future improvement. We focus on 
daily feed intake, efficiency of pasture utilization, 
output of milk per head, environmental impact 
of grazing and the nutritional quality to humans 
of milk produced from dairy cows in contrasting 
production systems. Challenges are discussed in 
the context of a trend towards increased size of 
individual herds and include limited and variable 
levels of daily herbage consumption, lower levels 
of milk output per cow, excessive excretion 
of nitrogenous compounds and requirements 
for minimal periods of grazing regardless of 
production system. A major challenge is to engage 
more farmers in making appropriate adjustments 
to their grazing management. In relation to product 

quality, the main challenge is to demonstrate 
enhanced nutritional/processing benefits of milk 
from grazed cows. Opportunities include more 
accurate diet formulations, supplementation of 
grazed pasture to match macro- and micronutrient 
supply with animal requirement and plant 
breeding. The application of robotics and artificial 
intelligence to pasture management will assist 
in matching daily supply to animal requirement. 
Wider consumer recognition of the perceived 
enhanced nutritional value of milk from grazed 
cows, together with greater appreciation of the 
animal health, welfare and behavioural benefits 
of grazing should contribute to the future 
sustainability of demand for milk from dairy cows 
on pasture.”,”author”:[{“dropping-particle”:””,”
family”:”Wilkinson”,”given”:”J. Michael”,”non-
dropping-particle”:””,”parse-names”:false,”s
uffix”:””},{“dropping-particle”:””,”family”:”
Lee”,”given”:”Michael R.F.”,”non-dropping-
particle”:””,”parse-names”:false,”suffix”:””},{“d
ropping-particle”:””,”family”:”Rivero”,”given”:
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”M. Jordana”,”non-dropping-particle”:””,”parse-
names”:false,”suffix”:””},{“dropping-partic
le”:””,”family”:”Chamberlain”,”given”:”A. 
Thomas”,”non-dropping-particle”:””,”parse-name
s”:false,”suffix”:””}],”container-title”:”Grass and 
Forage Science”,”id”:”ITEM-1”,”issued”:{“date-
parts”:[[“2020”]]},”page”:”1-17”,”title”:”Some 
challenges and opportunities for grazing dairy 
cows on temperate pastures”,”type”:”article-jo
urnal”,”volume”:”75”},”uris”:[“http://www.
mendeley.com/documents/?uuid=1e9deb5e-
3535-4e18-9286-a9eccd001947”]}],”mendeley
”:{“formattedCitation”:”(Wilkinson <i>et al.</
i>, 2020. As a result, systems involving full time 
housing, in which cows are often offered a total 
mixed ration (TMR), are common. However, 
giving housed cows access to grazing for part 
of the day may improve animal welfare (Arnott 
et al., 2017) and reduce feeding costs (White et 
al., 2002). Thus the adoption of ‘mixed systems’ 
(‘part housing-part grazing’) may provide a tool 
to help maintain individual cow total DM intakes 
and milk production, and overall stocking density 
(Wales et al., 2013).

Previous studies involving dairy cows grazing 
annual ryegrass (Lolium multiflorum Lam.) swards 
in a subtropical region have observed that even 
when herbage allowance was high, herbage DM 
intake was lower than expected due to low pre-
grazing herbage mass (Miguel et al., 2014, 2019). 
The low herbage mass of annual ryegrass has 
been explained by its low tiller density, especially 
during the first grazing cycles, in comparison to 
perennial species (Miguel et al., 2014). Thus, 
herbage DM intake appears to be predominantly 
limited by sward structure. Nevertheless, the effect 
of including this kind of pasture in dairy cow diets 
which are predominantly comprised of a TMR 
deserves further research.

Thus, the aim of this study was to assess the effect 
of including annual ryegrass pasture in the diets of 
TMR-fed dairy cows, on total DM intake and milk 
production. We hypothesized that when a TMR 
comprises at least 50% of ad libitum intake, annual 
ryegrass pasture would allow total DM intake and 
milk production to be maintained. 

Materials and Methods
The experiment was performed in Lages, SC, 
Brazil (50.18°W, 27.47°S; 920 m above sea level) 
from 19 June to 21 August 2019. During the 
experimental period the average temperature was 

11.8°C and the total rainfall was 197 mm (3.1 mm/
day). The 10-year climatic average temperature 
and rainfall during the months of the experiment 
were 13.9°C and 107 mm, respectively. Before 
the first grazing cycle, and after each experimental 
period, the experimental area was fertilized with 
50 kg N/ha, supplied as urea.

Twelve multiparous Holstein and Holstein × Jersey 
cows were divided in six homogeneous groups, 
each of two cows (experimental unit), according to 
milk production (26.6 ± 4.55 kg/day), days-in-milk 
(129 ± 50.8 days) and body weight (546 ± 30.6 kg) 
measured during the week prior to the experiment 
starting. Each pair of cows were distributed within 
two 3 × 3 Latin squares, with each experimental 
period 21 days: a 16-day adaptation period and a 
5-day measurement period. 

The treatments comprised a TMR diet offered at 
100% of ad libitum intake (TMR100), TMR at 75% 
of ad libitum intake + access to an annual ryegrass 
pasture for grazing (TMR75), and TMR at 50% 
of ad libitum intake + access to annual ryegrass 
pasture for grazing (TMR50). Cows on TMR75 and 
TMR50 had access to pasture for 7 h/day, between 
morning and afternoon milking (from 08:00 h to 
15:00 h), and were offered the TMR following 
afternoon milking. The TMR comprised corn 
silage (600 g/kg DM), ground corn (260 g/kg DM) 
and soybean meal (140 g/kg DM), and had a crude 
protein and neutral detergent fiber (NDF) content 
of 150 and 366 g/kg DM, respectively.

The pasture area (approx. 3 ha) was divided into 
two halves (one half for each Latin square), with 
one third of each half assigned to TMR75 and two 
thirds assigned to TMR50 (4 paddocks in total, 2 
cows per paddock). Paddocks were strip grazed, 
with target pre- and post-grazing sward height 
of 24 and 12 cm, respectively (a target reduction 
in sward height of 50%). Fresh pasture was 
allocated daily, with the area allocated based on 
allocations during the one-week pre-experimental 
period. As actual pre- and post-grazing sward 
heights were similar to the target heights, no other 
adjustment was necessary. Pre- and post-grazing 
sward heights were measured daily using a rising 
plate meter (F200 model, Farmworks, Feilding, 
New Zealand). In addition, the plate-meter was 
calibrated to predict herbage mass at the start of 
each experimental period, pre- and post-grazing. 
Samples were cut at ground level using scissors 
from 18 × 0.1 m2 quadrats (4 and 5 in each of 
the TMR75 and TMR50 paddocks, respectively) in 
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the ‘footprint’ of areas where the plate meter had 
been used to record herbage height. Individual 
samples were dried in an oven for 72 h at 60°C, 
and equations subsequently developed to predict 
the actual herbage mass that had been offered 
during the study. The chemical composition of 
herbage offered was determined from samples 
collected on days 17 and 19 of each period, and 
herbage nutritive value estimated from chemical 
composition, as described by INRA (2007).

Cows were milked twice daily at 07:00 h and 16:00 
h, and individual cow milk yields recorded.  Milk 
samples were collected during the final 5 days of 
each period and each individual sample analysed 
for fat and protein concentrations. Daily herbage 
intakes for each pair of cows were estimated as 
the difference between the pre- and post-grazing 
herbage mass during the last 5 days of each period. 
Intakes of the mixed ration offered while cows 
were indoors was determined daily during the last 
5 days of each period, as the difference between 
the quantity of ration offered and the orts. 

The dependent variables were subjected to an 
analysis of variance using the function PROC 
MIXED in the software SAS (2002, version 9.4, 
SAS Institute, Cary, NC). The animal variables 
(averaged per group and period (n=18)) were 
analyzed considering the random effect of the 
animal, the fixed effect of the period and the fixed 
effect of the treatment. The pasture variables 
were averaged per paddock and period (n = 12) 
and analysed considering the random effect 
of period and the fixed effect of the treatment. 

Animal variables were tested using an orthogonal 
polynomial contrast and examined for linear and 
quadratic effects. 

Results
Pre- and post-grazing herbage mass of annual 
ryegrass averaged 1804 and 906 kg DM/ha, 
respectively (Table 1). Pre- and post-grazing 
sward height were similar with both treatments 
and averaged 23.8 cm and 11.4 cm, respectively. 
Herbage offered with TMR75 and TMR50 was 
similar in composition, with an average crude 
protein, NDF and ADF content of 303, 495 and 
199 g/kg DM.

Total DM intake decreased from TMR100 to TMR50 
group (Table 2). There was a quadratic reduction 
in concentrate DM intakes, with intakes of corn 
silage following the same trend. Herbage DM 
intake increased by 1.9 kg/day from TMR75 to 
TMR50, being 27 and 42% of total DM intake. 
For each kg of herbage DM consumed, intake of 
TMR with treatments TMR75 and TMR50 decreased 
by 1.3 and 1.6 kg DM/day, respectively. Thus, 
total DM intake decreased as the proportion of 
herbage increased. Diets TMR100, TMR75 and 
TMR50 supplied 113%, 104% and 92% of energy 
requirements. However, milk production, milk fat 
and milk protein content did not differ between 
treatments, averaging 25.6 kg/day, 44.6 g/kg and 
33.7 g/kg, respectively. 

Table 1: Pre- and post-grazing characteristics, 
chemical composition and nutritive value of 
annual ryegrass (Lolium multiflorum ‘Maximus’) 
pastures grazed by cows on TMR75 and TMR50 

Treatment1

 TMR75 TMR50 SEM P-value
Pre-grazing characteristics

Herbage mass, kg DM/ha 1895 1713 11.2 0.087
Sward height, cm 25.8 23.1 1.13 0.983

Post-grazing characteristics
Herbage mass, kg DM/ha 915 902 7.6 0.712
Sward height, cm 11.5 11.3 0.74 0.743

Chemical composition g/kg DM
Dry matter 112 111 0.9 0.358
Organic matter 876 867 7.2 1.733
Crude protein 300 306 1.56 0.429
NDF 494 496 1.25 0.619
ADF 198 199 1.14 0.856
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Nutritive Value
OM digestibility 828 812 18.1 0.419

NEL, Mcal/kg DM 7.03 6.90 1.38 0.617

PDIN, g/kg DM 203 201 4.9 0.772

PDIE, g/kg DM 122 119 2.8 0.626

1TMR75, TMR offered at 75% of ad libitum intake + access to pasture for 7 h/d; TMR50, TMR offered 
at 50% of ad libitum intake + access to pasture for 7 h/d; NEL,  Net energy for lactation; PDIN, 
metabolizable protein when nitrogen is limiting for microbial synthesis in the rumen (INRA 2007); 
PDIE, metabolizable protein when energy is limiting for microbial synthesis in the rumen (INRA 2007).

Table 2: Effect of treatment on DM intake, milk production and milk composition. 

  Treatments1 P-value

TMR100 TMR75 TMR50 SEM
T r e a t -
ment Linear Quadr

DM intake, kg/day

Corn silage 11.7 7.9 5.5 0.08 0.001 0.001 0.001

Concentrate2 7.8 5.3 3.4 0.05 0.001 0.001 0.001

Pasture - 4.8 6.7 0.04 0.001 - -

Total 19.4 18.1 15.8 0.13 0.001 0.001 0.017

NEL supply, Mcal/
day 32.6 30.3 26.5 0.23 0.001 0.001 0.024

NEL balance, %3 113 104 92 2.52 0.001 0.001 0.736

Milk production, 
kg/day 24.8 26.7 25.2 0.87 0.273 0.712 0.120

4% FCM, kg/day4 26.5 27.9 26.7 0.81 0.437 0.868 0.206

Milk fat, g/kg 45.5 43.1 45.3 0.96 0.163 0.868 0.060

Milk protein, g/kg 34.2 33.8 33.1 0.63 0.489 0.240 0.879

Milk fat, g/day 1122 1157 1184 39.9 0.548 0.279 0.934

Milk protein, g/day 846 898 873 22.0 0.255 0.390 0.157

1TMR100, TMR offered at 100% of ad libitum intake; TMR75, TMR offered at 75% of ad libitum intake 
+ access to pasture for 7 h/d; TMR50, TMR offered at 50% of ad libitum intake + access to pasture for 
7 h/d; 2 Corn ground: soybean meal 65:35; NEL= Net energy for lactation; 3 % NEL requirements; 4 4% 
fat-corrected milk production. 

Discussion
The reduction in total DM intake when cows were 
given access to grazing is unlikely to be due to the 
quality of herbage offered, as the relatively low 
NDF and high CP content of the herbage suggests 
that quality was good. Indeed, Vibart et al., (2008) 
found that total DM intake was not reduced when 
TMR-fed dairy cows had access to high-quality 
pastures. However, a reduction in pre-grazing 

herbage mass was shown to reduce herbage intake 
(Pérez-Prieto et al., 2013), even with good quality 
pastures. For example, Pérez-Prieto and Delagarde 
(2012)and is the major grazing management factor 
determining pasture utilization per unit area and 
daily performance of grazing dairy cows. The 
objective of the present study was to perform 
a meta-analysis reviewing the effect of PA on 
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pasture intake, milk production, milk composition, 
and grazing behavior of dairy cows. Experiments 
studying the effect of PA on pasture intake or 
milk production, which eventually included milk 
composition or grazing behavior data, or both, 
were selected to create a database. Papers were 
selected only if at least 2 PA were compared under 
the same experimental conditions, particularly 
the same pasture mass (i.e., where PA levels 
were only obtained through changes in daily 
offered area demonstrated that herbage DM intake 
decreases linearly when pre-grazing herbage mass 
(calculated above ground level) decreased from 
5500 to 2500 kg DM/ha. In the current study pre-
grazing herbage mass averaged only 1800 kg DM 
ha, even though pre grazing sward heights were 
over 23 cm, a reflection of the low tiller density of 
annual ryegrass. Thus, it is likely that the reduction 
in total DM intake with the TMR75 and TMR50 
treatments is due to sward structure restricting 
intakes.

Despite the reduction in total DM intake, the 
inclusion of herbage in the diet of TMR-fed 
dairy cow did not decrease milk production, and 
had no effect on milk composition, thus partially 
confirming the main hypothesis of this study. 
However, despite the reduction in intake with 
TMR75 (compared to TMR100) this diet supplied 
104% of energy required for milk production. 
In contrast, TMR50 provided 92% of energy 
requirements for milk production, suggesting that 
milk production was maintained by mobilization of 
body tissue reserves. Given the short-term nature 

of the experimental periods, it was not possible to 
accurately assess changes in body tissue. However, 
previous studies have demonstrated that cows with 
similar energy deficiency  at mid-lactation can 
recovery their body condition during final third 
of lactation and first 4 weeks of the dry period, 
without any negative effect on performance and 
reproduction during the next lactation (Roche et al., 
2006, 2017)cows are generally thinner at the end 
of lactation than cows fed total mixed rations and, 
as a result, over-feeding of metabolizable energy 
(ME. Additionally, when the energy supply is not 
less than 90% of requirements, there is a reduced 
likelihood of metabolic disorders (Overton and 
Waldron 2004).

In conclusion, giving cows access to fresh pasture 
allowed the amount of TMR offered to by reduced 
by 50% with no loss in milk production. However, 
pasture access reduced total DMI, forcing cows 
into negative energy balance. The lower intakes 
are likely due to the low tiller density and low 
herbage mass of annual ryegrass. 
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Abstract
Hortipasture systems have huge potential to mitigate climate change via sequestering carbon along with 
sustaining fodder and fruit supply especially in semi-arid regions. Therefore to evaluate climate change 
mitigation, fruit and fodder production potential of 10 year old rainfed based Hortipasture system 
(Psidium guajava (Guava) + Cenchrus ciliaris + Stylosanthes hamata) established at Central Research 
Farm of ICAR-Indian Grassland and Fodder Research Institute (Bundelkhand region, Jhansi, Uttar 
Pradesh, India), carbon stock of tree and under storey pasture components was quantified along with fruit 
and forage production. The experimental site is drought prone semi arid region characterized by poor 
soil quality, harsh climate and erratic rainfall. Two cultivars of Guava (Lalit and Shweta) integrated with 
C. ciliaris + S. hamata were pruned to enhance fruit yield of 10 year old trees. The Cv. Lalit produced 
higher (10.40 %) fruit yield compared to Shweta and medium pruned trees produced highest fruit yield 
(Lalit: 15.46 t ha-1 & Shweta: 14.87 t ha-1) compared to unpruned and highly pruned trees. The under 
storey pasture production (C. ciliaris+ S. hamata) was 5.6 t DM ha-1. Total tree carbon stock in Guava 
ranged between 7.92 to 11.34 t ha-1 (Cultivar: Shweta-10.24 t ha-1and Lalit-9.20 t ha-1). Under storey 
pasture carbon stock ranged from 4.26 t ha-1 to 4.43 t ha-1. Total carbon stock potential of system (in 
biomass) ranged from 12.23 t ha-1 to 15.77 t ha-1 with 78.90−84.70 % and 15.30−21.10 % contribution 
of above and below ground biomass respectively to total carbon stock. Therefore in semi arid regions 
of India, where 90% of people depend on livestock for their livelihood security, establishment of Guava 
+ C. ciliaris+ S. hamata based hortipasture system can enhance economic returns of the farmers and 
mitigate climate change via carbon sequestration in biomass leading to the offsetting of green house 
gases emission from livestock sector.

Introduction
Semi-arid regions in India are facing critical 
challenges of poverty, malnutrition, low livestock 
productivity, quality fodder shortage, erratic as 
well as low rainfall, land degradation and top soil 
loss. Moreover, 90% people in the region depend 
on livestock for their livelihood and these regions 
are also very fragile as well as sensitive to climate 
change (Singh et al., 2018). Thus, intervention 
in the form of hortipasture is required to supply 
quality and nutritionally rich fruits; fodder to 
livestock, mitigate climate change via sequestering 
huge amount of atmospheric carbon dioxide and 
enhance economic status of people. Besides this, 
horti-pasture systems are capable of restoring the 
degraded lands of semi arid regions (Kumar et al., 
2019).

Three species were selected for establishing 
a hortipasture system suited to the semi-arid 
conditions of central India: guava (Psidium guajava 
L., a highly nutritious, fruit-yielding and hardy tree 

species); the fodder grass Cenchrus ciliaris (buffel 
grass); and fodder legume Stylosanthes hamata 
(Caribbean stylo). The system was studied for its 
fruit production, under-storey fodder production 
and carbon sequestration potential. In its 10th year, 
the hortipasture was assessed with three pruning 
treatments to document its pasture production, fruit 
production and carbon sequestration potential.  

Materials and Methods
A study to find out fruit yield, under storey pasture 
yield and biomass carbon sequestration potential 
of 10 years old Guava based hortipasture was 
carried out during the year 2018. The guava-based 
hortipasture was established at central research 
farm (longitude 250 26’ 08” N, latitude 780, 30’ 
21” E and altitude 216 m above msl) of the ICAR-
Indian Grassland and Fodder Research Institute 
during October, 2007. Guava cultivars Shweta and 
Lalit were planted in a 6 m x 6 m arrangement with 
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each plot (12 m x 36 m) having 12 trees (6 trees 
Shweta and 6 trees Lalit) per plot. During the rainy 
season in 2008, Cenchrus ciliaris was planted in 
between tree rows (100 cm × 50 cm row- to- row 
& plant to plant) and Stylosanthes hamata @ 4 kg/
ha was sown as a line between 2 rows of grass. 
Four pruning treatments [T1: pruning 15 cm top 
portion of one/more year-old shoot, T2: 30 cm top 
portion of one/more year-old shoot, T3: 45 cm top 
portion of one/more year-old shoot and T4: No 
pruning] were imposed on trees to enhance the 
fruit yield. The treatments were replicated thrice 
under RCB design. Data on fruit as well as pasture 
yield were recorded and the biomass carbon stock 
of the system was calculated by way of the biomass 
equation for carbon content (for guava) given by 
Rathore et. al. (2018) and the methodology of 
IPCC (2006) for understorey pasture. The data 
were analysed statistically and mean values were 
compared at the P=0.05 level of significance using 
values for critical difference (CD).

Results 
In both the varieties of guava, medium-pruned 
trees (T2) produced the highest fruit yield (Lalit: 
15.46 t ha-1 & Shweta: 14.87 t ha-1) compared to 
un-pruned and highly pruned trees (Table 1). The 
under-storey pasture (C. ciliaris + S. hamata) was 
not influenced by pruning treatments, producing 
5.6 t ha-1 forage per year. The total hortipasture 
system stored 7.92 to 11.34 t ha-1 carbon in tree 
biomass (Cultivar: Shweta-10.24 t ha-1 and Lalit 
9.20 t ha-1) and 4.26 t ha-1 to 4.43 t ha-1 carbon 
in under-story pasture biomass. The total carbon 
stock of the system at the age of 10 years (in 
biomass) ranged from 12.23 t ha-1 to 15.77 t ha-1 
(Table 2). 
Table 1: Fruit and pasture yield of 10 year-old guava-
based hortipasture as influenced by pruning treatments

Fruit Yield (t/ha) Pasture Yield (t DM/ha)

  Varieties

Treatment

Lalit Shweta Lalit Shweta

T1 12.96 11.80 5.4 5.6
T2 15.46 14.87 5.7 5.4
T3 14.54 10.88 6.1 5.8
T4 9.58 9.94 5.3 5.4

Mean 13.1 11.87 5.6 5.6
Overall Means 12.51

5.58
CD (V) 1.112 NS
CD (T) 1.583 NS

CD (V×T) NS NS
SEM (V) 0.365 0.156
SEM (T) 0.516 0.220

SEM (V×T) 0.730 0.312
Abbreviations: T = Treatment; SEM = Standard Error of Mean; DM = dry matter; NS =Non significant

Table 2:  Biomass carbon stock under a 10 year-old guava-based hortipasture system

                           Carbon stock 

TREE 

Carbon stock PAS-
TURE 

Total carbon stock SYS-
TEM 

(Tree + Pasture)
                       Varieties

Treatment

Lalit Shweta Mean Lalit Shweta Mean Lalit Shweta Mean

T1 7.88 7.97 7.92 4.19 4.42 4.30 12.07 12.39 12.23
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                           Carbon stock 

TREE 

Carbon stock PAS-
TURE 

Total carbon stock SYS-
TEM 

(Tree + Pasture)
T2 9.95 12.74 11.34 4.75 4.11 4.43 14.70 16.85 15.77
T3 8.20 9.95 9.09 4.34 4.18 4.26 12.57 14.13 13.35
T4 10.8 10.30 10.57 4.50 4.18 4.34 15.33 14.49 14.91

Mean 9.20 10.24 4.44 4.23 13.67 14.47

Factors C.D
SE

(d)

SE

(m)
C.D

SE

(d)

SE

(m)
C.D

SE

(d)

SE

(m)
Factor (Treatment) NS 1.38 0.97 NS* 0.24 0.17 NS* 1.48 1.05

Factor (variety) NS 0.97 0.69 NS 0.17 0.12 NS 1.05 0.74
Factor (Treatment × Vari-

ety) NS 1.95 1.38 NS 0.34 0.24 NS 2.10 1.48

*NS = Non significant

Discussion
Thus, results demonstrate that a pruning regime 
for established guava trees of removing the 30 cm 
top portion of one/more year-old shoots should 
be followed to maintain fruit yields. Moreover, 
this system is capable of providing quality fodder 
under semi-arid conditions, where the livelihood 
of most of the people is dependent on livestock. 
The system is also capable of mitigating climate 
change by sequestering significant quantities of 
carbon dioxide in its biomass.

Conclusion
In semi arid regions of India, with more than 90% 
people dependent on livestock for their livelihood 
security, establishment of guava + C. ciliaris+ S. 

hamata based hortipasture system can enhance 
economic returns of the farmers by producing 
high yield of quality fruits and ensuring fodder 
supply to livestock. Besides this, a guava-based 
hortipasture can help in mitigating climate change 
via carbon sequestration in biomass leading to 
the offsetting of green house gases emission from 
livestock sector as well. 
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Herbage and Livestock Responses for N-Fertilized and Grass-Legume Grazing Systems 
 

Jaramillo, D.M.; Dubeux, Jr., J.C.B.; Queiroz, L.M.D.; Garcia, L.; Santos, E.R.S

University of Florida, North Florida Research and Education Center. Marianna, FL, USA

Key words: bahiagrass; rhizoma peanut; pasture; ecosystem services

Abstract
Forage legumes provide an alternative N source in grazing systems. The objective was to evaluate plant 
and animal responses in N-fertilized or grass-legume-based systems under continuous stocking during 
winter and summer, from 2016-2019. The three treatments consisted of year-round forage systems 
including winter and summer forage components. The first system (Grass+N) included N-fertilized (112 
kg N ha-1 yr-1) ‘Argentine’ bahiagrass (Paspalum notatum) pastures during the summer, overseeded 
with a mixture (56 kg ha-1 of each) of ‘FL 401’ cereal rye (Secale cereale) and ‘RAM’ oat (Avena 
sativa) during winter with a second application of 112 kg N ha-1 yr-1. Total annual fertilization for this 
treatment was 224 kg N ha-1 yr-1. System 2 (Grass + clover) included unfertilized Argentine bahiagrass 
during summer, overseeded with a similar rye-oat mixture, plus a mixture of clovers [17 kg ha-1 of 
‘Dixie’ crimson (Trifolium incarnatum), 6.7 kg ha-1 of ‘Southern Belle’ red clover (Trifolium pratense), 
and 3.4 kg ha-1 ball clover (Trifolium nigrescens), fertilized with 34 kg N ha-1 during winter. System 3 
(Grass+CL+RP) included the germplasm Ecoturf rhizoma peanut (Arachis glabrata; RP) and Argentine 
bahiagrass during the summer, overseeded with the same a similar rye-oat-clover mixture used in System 
2 and fertilized with 34 kg N ha-1 during winter. Pastures were continuously stocked using variable 
stocking rates. Results indicate that clover inclusion during winter improved herbage distribution along 
the grazing season. Integrating RP during summer increased steer ADG by nearly 80% compared with 
Grass+N or Grass+Clover (bahiagrass monocultures during summer). While N fertilizer allowed for 
greater stocking rates, it did not improve animal performance throughout the year. Overall, similar gain 
per area was achieved in Grass+CL+RP than Grass+N, with lesser N-fertilizer inputs. 

Introduction
Perennial, warm-season grasses comprise the 
backbone of most beef cattle operations in the 
southeastern U.S. They are generally the primary 
feed source for these operations because they are 
adapted to the environment and typical producer 
management. Bahiagrass (Paspalum notatum 
Fluggé) is among the predominant warm-season 
perennial grasses in this region. It provides most 
of its herbage from spring through early autumn, 
with a shortage in herbage productivity during 
winter dormancy (Gates et al., 2001). Herbage 
shortages can be alleviated by overseeding cool-
season annual grasses into bahiagrass. This 
practice can reduce feeding costs and enhance 
animal performance (Dubeux et al., 2016). In 
subtropical regions, individual animal performance 
is generally greater during the cool season, due to 
greater cool-season forage nutritive value, reduced 
heat stress, and increased animal intake (Dubeux 
et al., 2016). 

Developing sustainable forage-based, beef cattle 
production systems is imperative for minimizing 
the environmental impact of food production 
systems. The hypothesis of this study was that 
replacement of N fertilizer by forage legumes 
would maintain forage and animal productivity 
over time without increasing water use. The 
objectives were to evaluate plant and animal 
responses for N-fertilized grass and grass-legume 
mixtures under continuous stocking, during the 
cool and warm seasons across four years. 

Materials and Methods
A four-year grazing experiment was conducted 
from January-October of 2016-2019 at University 
of Florida, North Florida Research and Education 
Center (NFREC), located in Marianna, FL 
(30°52’N, 85°11’ W, 35 m MSL). Annual rainfall 
was 1378, 1271, 1889, and 1220 mm during 2016, 
2017, 2018, and 2019.
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Treatments consisted of three year-round grazing 
systems, including warm-season perennial forages 
in the summer overseeded with cool-season annual 
species in the winter. Treatment Grass+N consisted 
of N-fertilized ‘Argentine’ bahiagrass during the 
summer, overseeded with an N-fertilized mixture 
of ‘FL401’ cereal rye and ‘RAM’ oat, each planted 
at a seeding rate of 56 kg ha-1 in the fall for winter 
forage production. Total annual N fertilization 
was 224 kg N ha-1 for the Grass+N system, split 
equally in warm and cool seasons. Treatment 
Grass+Clover consisted of bahiagrass receiving 
no N during the summer that was overseeded in 
fall with an N-fertilized (34 kg N ha-1) rye-oat-
clover mixture consisting of ‘Dixie’ crimson (T. 
incarnatum L.), ‘Southern Belle’ red (T. pretense 
L.), and ball (T. nigrescens Viv.) clovers seeded 
at rates of 16.8, 6.7, and 3.4 kg ha-1, respectively. 
Treatment Grass+Clover+RP included Ecoturf 
rhizoma peanut, strip-planted with bahiagrass 
(50% of pasture area in each species allocated 
in alternating strips). No N fertilizer was applied 
to Grass+Clover+RP during the summer. In 
fall, pastures were seeded to a similar oat-rye 
and clover mixture and the winter N-fertilizer 
scheme was the same as for Grass+Clover. Each 
pasture (experimental unit) measured 0.85 ha, 
and treatments were replicated three times in a 
randomized complete block design. Pastures were 
continuously stocked using a variable stocking 
rate, and put-and-take animals were used to adjust 
herbage allowance every 14 days (Sollenberger 
et al., 2005). Two tester Angus crossbred steers 
remained on each pasture throughout the entire 
experiment each year.

Herbage mass was quantified every 14 d using 
the double sampling method (Wilm et al., 1944). 
Herbage allowance was estimated every 14 d, with 
the method described by Sollenberger et al., (2005). 
Put-and-take animals were used throughout the 
experimental period to maintain similar herbage 
allowance among treatments within each block. 
Target herbage allowance was 1.0 kg DM kg-1 BW 
during the cool season, and 1.5 kg DM kg-1 BW 
during the warm season.

Forage hand-plucked samples were collected 
every 14 d for each functional group (i.e., grass 
and legume) present in the sward and analysed for 
nutritive value [crude protein and in vitro digestible 
(IVDOM) concentrations]. The methodologies to 
assess livestock performance were similar for both 
cool and warm seasons. The body weight (BW) 

of the tester steers was measured every 21 d after 
16 h withdrawal from feed and water. Initial BW 
of tester steers was 224 ± 27, 311 ± 31, 277 ± 17, 
and 230 ± 29, for 2016, 2017, 2018, and 2019, 
respectively. The same animals remained on their 
corresponding pastures during the 10 months of 
grazing each year, encompassing both cool and 
warm seasons. Average daily gain (ADG) was 
calculated for each 21-d period by dividing the 
average weight gain of the two testers per pasture 
by the number of days (kg hd-1 d-1). The ADG over 
the entire year (cool + warm season) was estimated 
as a weighted average based on ADG per given 
season and year and the length of the season per 
given year.

All response variables were analysed using SAS 
PROC GLIMMIX (SAS/STAT 15.1; SAS Institute, 
Cary, NC). Pastures were considered experimental 
units for all output variables. For responses 
including ADG, gain per area, and stocking rate, 
the model included treatment, evaluation period, 
and their interactions as fixed effects. Block, 
year, and block × treatment were considered 
random effects. All other herbage responses were 
repeated measures. Least squares treatment means 
were compared through pairwise t-test using the 
PDIFF option of the LSMEANS statement in the 
aforementioned procedure. 

Results
Cool-season herbage responses

Herbage accumulation rates during the cool 
season showed a treatment × evaluation date 
interaction (P = 0.01). Grass+N peaked earlier in 
the season (March), than Grass+Clover+RP and 
Grass+Clover, and Grass+N also showed a second 
peak after N-fertilizer application in early April. 
Herbage accumulation rate in Grass+N was 40 kg 
DM ha-1 d-1 at both peaks, and declined after early 
April, whereas Grass+Clover (70 kg DM ha-1 d-1) 
and Grass+Clover+RP (50 kg DM ha-1 d-1) had 
their greatest herbage accumulation rates in late 
April. As expected, a similar pattern was observed 
in herbage mass over time. However, there were 
no treatment differences in total seasonal herbage 
mass among the three treatments during the cool 
season (P = 0.75), where herbage averaged 700 kg 
DM ha-1 in each system. 

Crude protein concentrations in the grass 
component did not differ among treatments (P 
= 0.23), but it differed across evaluation periods 
through the cool season (P < 0.001). The greatest 
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grass CP concentrations were observed in early 
and late January, with values of 251 g kg-1. Grass 
CP concentrations decreased as the cool season 
progressed, reaching their lowest levels by late 
April (150 g kg-1). Clover CP concentrations 
(Grass+Clover and Grass+Clover+RP) did not 
differ between treatments (P = 0.22), but they 
differed across evaluation dates (P < 0.001), with 
lowest CP concentrations observed in early May 
(208 g kg-1) and greatest in late March (271 g kg-1). 
Clover IVDOM concentration also differed among 
evaluation periods (P <0.001) and were above 750 
g kg-1 from January through March, decreasing to 
675 g kg-1 by the end of the cool season. Grass 
IVDOM concentrations also differed by evaluation 
period, having similar concentrations in January 
and February (~750 g kg-1), decreasing to 650 g 
kg-1 by April.

Warm-Season Herbage Responses

Herbage accumulation rate (kg DM ha-1 d-1) was 
affected by treatment × evaluation interaction 
(P = 0.01). Throughout most of the evaluation 
periods, Grass+Clover+RP had the least herbage 
accumulation rate, and on average this treatment 
produced 24 kg DM ha-1 d-1. Grass+N had greater 
rates of herbage accumulation from May through 
late July, where it remained constant around 60 
kg DM ha-1 d-1. Grass+Clover pastures, lacking 
N-fertilizer application during the warm season, 
showed lower herbage accumulation rates the first 
half of the season but then peaked in late August 
(80 kg DM ha-1 d-1) before decreasing thereafter. 
Similarly, herbage mass also showed a treatment 
× evaluation interaction (P = 0.007). Grass+N and 
Grass+Clover had consistently greater herbage 
mass than Grass+Clover+RP (P = 0.002). The 
least herbage mass was observed across the three 
treatments during the beginning of the warm 
season (late May - late June), averaging 850 kg 
DM ha-1. 

Grass CP concentration differed among treatments 
(P = 0.002), where Grass+N had the greatest average 
CP concentration (120 g kg-1) compared with 
Grass+Clover and Grass+Clover+RP treatments 
at 111 g kg-1. There was also an evaluation date 
effect (P < 0.001) on grass CP concentration. 
Overall, there was a decreasing trend in CP 
from May through October, with concentrations 
greatest in early June and least by early October 
(162 and 75 g kg-1, respectively). There was also 
an evaluation date effect (P < 0.001) on grass 
IVDOM concentration, where IVDOM was above 

480 g kg-1 from May through July. By September, 
the grass component IVDOM concentration 
reached its lowest at 380 g kg-1. For the rhizoma 
peanut component of Grass+Clover+RP pastures, 
the CP and IVDOM concentrations did not differ 
along the evaluation periods (P = 0.13, SEM= 10 
and 0.79, respectively), and averaged 187 g CP kg-

1, and 668 g DOM kg-1 OM, respectively. 

Animal performance
Average daily gain did not differ (P = 0.47) among 
treatments during the cool season across the 4 years 
and averaged 0.85 kg d-1. Additionally, gain per 
area during the cool season did not differ among 
treatments (P = 0.90) and averaged 282 kg BW 
ha-1. Stocking rate average 2.9 AU ha-1 and was 
not affected by treatment (P =0.59), and herbage 
allowance also did not differ among treatments 
during the cool season (P = 0.73), averaging 0.7 
kg DM kg-1 BW.

Average daily gain during the warm season was 
different among the three across treatments 
(P = 0.01), with Grass+Clover+RP having 
greatest ADG (0.61 kg d-1) than Grass+N and 
Grass+Clover (did not differ, and averaged 0.34 
kg d-1). Within Grass+Clover+RP, there was no 
effect of sampling date (P = 0.11) on proportion 
of RP in the consumption (44% of diet). Gain per 
area during the warm season was also greatest in 
Grass+Clover+RP (P = 0.04; 397 kg ha-1), while 
Grass+Clover was least with 278 kg ha-1. There 
were treatment differences in stocking rates (P = 
0.003), where Grass+N allowed for overall the 
greatest stocking rates, Grass+Clover+RP the least, 
and Grass+Clover was intermediate (6.3, 5.6, and 
4.3 AU ha-1, respectively). Herbage allowance did 
not differ among all treatments during the warm 
season (P = 0.96) and averaged 1.2 kg DM kg-1 
BW.

The annual (cool + warm season) ADG did not 
differ among treatments (P = 0.18), where the 
ADG was 0.61 kg d-1. Gain per unit land area (P 
= 0.46) also did not differ among treatments and 
averaged 618 kg BW ha-1. Stocking rates were 
greater for Grass+N and Grass+Clover across the 
year (P = 0.01), averaging 4.3 AU ha-1, while the 
stocking rate for Grass+Clover+RP was least (3.7 
AU ha-1).

Table 1: Average daily gain (ADG), gain per 
area (GPA), and stocking rate (AU ha-1) in 
Grass+Clover, Grass+N, and Grass+Clover+RP 
pastures during cool and warm seasons from 2016-
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2019, and the whole-year average. 

Treatmenta

Grass+Clover Grass+N Grass+Clover+RP SEM P
Cool Season
ADG, kg 0.91 0.83 0.80 0.08 0.47
GPA, kg ha-1 288 285 273 39.5 0.90
Stocking rate, AUb ha-1 2.8 3.0 2.9 0.30 0.59
Warm Season
ADG, kg d-1 0.33 BC 0.36 B 0.61 A 0.05 0.01
GPA, kg ha-1 278 B 335 AB 397 A 67.8 0.04
Stocking rate, AU ha-1 5.6 B 6.3 A 4.3 C 0.48 0.003
Cool + Warm Season
ADG, kg d-1 0.56 0.58 0.69 0.07 0.18
GPA, kg ha-1 565 620 669 103 0.46
Stocking rate, AU ha-1 4.4 A 4.9 A 3.7 B 0.34 0.01

aGrass+N: bahiagrass, overseeded with rye and oat 
during the cool season; Grass+Clover: bahiagrass, 
overseeded with rye-oat-clover during the cool 
season; Grass+Clover+RP: bahiagrass-rhizoma 
peanut mixture overseeded with rye-oat-clover 
during the cool season. bAnimal unit (AU); 1 
AU=350 kg bodyweight. cMeans followed by the 
same letter do not differ (P > 0.05) according to 
LSD.

Discussion
Mixing forage species of complementary 
seasonality of plant growth is an effective strategy 
for ensuring adequate forage mass throughout 
an extended grazing season (McCormick et al., 
2006). In this study, herbage accumulation rate 
and herbage mass differed, based on the sward 
components during the cool season. Small grains 
provide earlier growth compared with clovers 
(Dubeux et al., 2016), and N fertilization resulted 
in greater herbage mass and accumulation rate 
of Grass-N earlier in the cool season. Herbage 
accumulation rate and herbage mass began to 
decline in early March for Grass+N, at which 
time Grass+Clover and Grass+Clover+RP 
productivity increased, due to increasing clover 
productivity. Thus, the benefits of including 
clovers are highlighted, especially since herbage 
mass was sustained for Grass+Clover and 

Grass+Clover+RP pastures well into late spring, 
while the Grass+N (no legume) was in decline. 
Herbage accumulation rates and herbage mass 
were less in Grass+Clover+RP during peak growth 
(August) than the other treatments. The herbage 
accumulation rates observed in this study were 
less than previously reported for Ecoturf rhizoma 
peanut (Shepard et al., 2018). 

Animal gains during the cool season were similar 
to those reported by Dubeux et al., (2016), for 
steers grazing various cool-season forage mixtures. 
The benefit of clover inclusion was also evident, 
especially since gains did not differ among forage 
treatments, despite clover treatments receiving 78 
kg ha-1 less N fertilizer during the cool-season. 
Although stocking rates were greater in Grass+N, 
the GPA was similar across all treatments during 
the cool season, which indicates the value of 
clover inclusion in cool-season grazing systems. 

Nitrogen fertilization did not improve steer 
performance during the warm season, while ADG 
values were similar to what has been reported 
for continuously stocked bahiagrass pastures 
(Sollenberger et al., 1989). In contrast, inclusion 
of rhizoma peanut (Grass+Clover+RP) improved 
ADG and GPA. On an annual basis, N-fertilizer 
inputs were reduced from 224 (Grass+N) to 34 
kg N ha-1 yr-1 (Grass+Clover+RP) yet animal 
performance was sustained or sometimes 
increased. 
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Abstract
The recent socio-economic, political and climatic changes experienced by the Algerian steppe for 
the last decades have led to profound changes in pastoral mobility practices. This study describes the 
new mobility practices as currently adopted by the breeders of the Djelfa region. The realization of 59 
semi-directive surveys was conducted between 2014 and 2016 among breeders in different reception 
areas. Practices related to the distance travelled during an annual cycle, the transhumance calendar 
and itinerary and the passage or not in the homeland are diverse. These practices of mobility can vary 
from one year to another or during the life of a breeder. This study shows an adaptability of long-term 
mobility to the changing context of the Algerian steppe, a result that contradicts other findings on the 
abandonment of mobility by pastoralists under the effect of the tightening of space and the settlement 
of pastoral populations.

Introduction
In the North Saharan steppe, sheep husbandry has 
been the main source of income of local populations 
for centuries. Livestock and pastoralists used to 
move all the yearlong to feed their animals with 
spontaneous vegetation. Since Independence 
(1962) human population of the Algerian steppe 
increased from 4 (1977) to 34 (2015) million 
inhabitants (Kanoun, 2016). The majority of this 
population settled in towns or villages, ceasing 
traditional mobility. In the same period, the sheep 
numbers increased from 6 to 18 million (Yabrir 
et al., 2015). As a result, the feeding capacity of 
the steppe rangeland has drastically dropped (Le 
Houerou, 1995; Daoudi et al., 2013; Hammouda 
et al. 2013).

A series of land tenure reforms (1977, 1984, 1987, 
2002) have led to a large extension of ploughed 
land around towns and villages resulting in an 
increased crop production but reducing the grazing 
areas. Jointly with the availability of subsidised 
barley, this situation allowed some sheep farmers 
to avoid long range mobility and to stay near their 
homeland all the yearlong. (Aïdoudetal., 2006; 
Ghozlane et al, 2009). However, long distance 
mobility is still operated, even with new modalities 
and sometimes on longer distances.

The present study aims to characterize, through 
the case of Djelfa herders, the current forms of 
mobility of herders in the Algerian steppe. It starts 
from the analysis formulated by Idda et al. (2017) 

that ancestral practices can continue in innovative 
forms that consolidate them. It attempts to explore 
the hypothesis put forward by Ben Hounet (2009) 
that pastoral systems are characterized by their 
“ability to adjust to fluctuating and difficult 
geopolitical, economic and social contexts”. It is 
therefore a question here of bringing out the 
diversity of long-distance mobility practices in a 
more precise manner with a view to understanding 
their organization, operation and the factors that 
influence the decisions of breeders.

Materials and Methods 
Due to the rapid and profound changes it has 
undergone in recent decades, the region of Djelfa 
offers a prime field for studying the new forms of 
mobility undertaken by herders to face the context 
of varied uncertainties experienced by the Algerian 
steppe. To study pastoral mobility, surveys were 
carried out between October 2014 and November 
2016.

The “long-distance” mobility considered in this 
study are those that take place outside the wilaya 
of Djelfa. Semi-directive surveys were made with 
59 sheep owners registered as having their home-
land in Djelfa and operating long distance mobil-
ity. Sampling of breeders was carried out using a 
combination of three methods (Kherri, 2013; Khef-
fache, 2018): i) “reasoned convenience” sampling 
carried out in the case where the sampling units 
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are easy to reach and available to respond to inter-
views; ii) “judgmental sampling” carried out when 
a breeder or a group of breeders are considered in-
teresting to meet the objectives of this study; iii) 
“snow ball” method, when one or several herders 
are identified by a previously interviewed herder. 

Results and Discussion 
Three main types of long-distance mobility were 
described (Fig 1) 

Medium amplitude displacement

Pastoralists of this type move about 500-800 km to 
the pre-Saharan regions of the bordering wilayas 
of Laghouat and El Bayadh. They move to these 
areas in winter to find warmer temperatures, space 
and safety, and some vegetation to graze. Their 
goal is to ensure good birthing conditions for the 
ewes and to minimize loss of lambs due to cold or 
theft. At the beginning of spring, the herders return 
to the steppe zones of altitude (800 to 1,200 m) 
where they rent defended land or fallow land. In 
the summer these farmers rent thatch or damaged 
cereals in the north in the Tellian region. The choice 
of this route does not seem to be linked exclusively 
to the economic means of the breeders. It seems 
that the breeders in this group choose profitable 
routes with a minimum of constraints in terms of 
transport and difficulties of access to the land.

Large amplitude displacement

This category includes trips of more than 1,500km. 
It is characterized by a long passage in the steppe, 
from the beginning of autumn until the middle of 
winter. During this period, the pastoralists remain 
at the foot of the mountainous areas of the steppes 
located in the wilayas of Laghouat or El Bayadhin 
order to shelter from the cold winds. When the 
year is announced favourable (in terms of rainfall 
and therefore in terms of pastoral vegetation) in 
the Saharan regions, the herders go there and stay 
there until mid-spring. This route to the Saharan 
regions is taken when the herders estimate, either 
visually or by their trusted informants, that the 
ephemeral vegetation called “achebs” grows well 
after the rains to ensure a free forage resource 
for several months (Chehma et al., 2005). If this 
is not the case, the herders prefer to stay in the 

steppe to rent land defended by the State or fallow 
private land in Tellian areas. End-of-winter trips to 
the Sahara are usually done by truck, heading to 
regions like Tindouf, Bechar. They can even reach 
the Libyan or Moroccan borders, where important 
inter-regional markets are held. In the middle 
of spring, the herders stopover in the steppe by 
renting defenses  or by occupying collective lands 
while waiting to be able to move on the stubble 
or the damaged cereals of the Tellian regions 
towards the north. Stubble that the breeders 
reserve beforehand with farmers with whom they 
preferably use to stay.

The herders who do this kind of transhumance 
generally own a truck. To transport all of their 
animals, they use other trusted breeders who own 
a truck, preferably from the same tribe, so that 
there is no theft along the way. These operations 
are only accessible to breeders with good social 
relations in their wilaya and in the host wilayas. 

Small amplitude displacement

Breeders in this category move to areas not far 
from their native soil, and for short durations. 
They spend the winter in the pre-Saharan regions 
like Brizina and Lebyed Sidi Echikhà El Bayadh 
for the reasons mentioned above for the breeders 
of the first category. In the spring, they return to 
the steppe to rent land that has been defended by 
the State. Leased areas may vary from one breeder 
to another depending on herd size and land avail-
ability.

In summer, the herders of this category remain 
in steppe on collective land whose access is con-
trolled by tribes from the north of El Bayadh to 
Rogassa. They can also return to Djelfa on their 
own lands or on the collective lands of their own 
tribe. However, the vegetation is poor and only 
provides them with fibre needs. The choice of this 
route seems to be due to the economic difficulties 
and the lack of social relations to find rental land 
and to move to the Saharan regions. The distances 
covered during the year by these breeders do not 
exceed 500 km.

Figure 1: Map of main routes.

The surveys carried out highlight the current 
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existence of long-distance mobility practiced 
in a sustainable manner and in various ways on 
the part of breeders in the wilaya of Djelfa. This 
observation calls into question the proposals 
analysing the abandonment of large mobility 
asdue to the reduction of routes, the narrowing 
of transhumance corridors and the adoption 
of a sedentary lifestyle by the pastoralists 
(Bensouiah;2005 and Bencherif;2011). The 
present study makes it possible to establish that, 
on the contrary, these constraints have encouraged 
certain breeders to innovate in terms of pastoral 
mobility in order to maintain their pastoral activity.

Conclusion
This study highlights new organizations of 
great mobility among breeders of the wilaya 
of Djelfa. The different forms of transhumance 
identified are distinguished by their routes, the 
distances travelled during an annual cycle and the 
transhumance calendar. It has been shown through 
this study that the mobilities are still relevant in the 
steppe territory and that the breeders adapt to their 
context by mobilizing material and human means 
to achieve it. At present, large-scale mobility is a 
means of maintaining livestock farming systems.
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Abstract
After a decline in yak populations in Central Asia, efforts have been made for several years to rebuild 
them. In that context, the ecological demands of the alpine landscape must be taken into account. The 
aim of the studies was to analyse the behaviour of yak cows in short time intervals and to deduce which 
sub-areas the yaks prefer more or less strongly, which altitudes in the mountains the animals visit in 
the course of a year, which distances they cover in summer and winter and which factors influence 
their grazing behaviour. The investigations were carried out on yaks in eastern Kyrgyzstan, Tian Shan 
Mountains. In three experimental years, 12 Yak cows were equipped with GPS receivers. The positions 
of the animals on the pastureland were recorded in an interval of 15 minutes. On this basis the home 
range as well as the walked distances, whereabouts and times (preferences) could be determined. The 
behaviour of the yaks depends on various factors, which are mainly related to the large grazing area: 
the variation in the yield of pasture, the different geographical conditions and the seasonal weather 
conditions. The investigations showed that the behaviour of the animals is strongly influenced by the 
seasons. This refers to the use of areas and altitudes as well as to movement behaviour. It was found that 
certain pastures are permanently more frequented than others are. The locomotion of the yaks is more 
pronounced in winter than in summer. This is because in winter the animals have to go long distances 
in search of food. Detailed knowledge of yak behaviour can help to improve pasture management in the 
high alpine region in order to use natural resources sustainably. 

Introduction
Domesticated yaks are very well adapted to the 
environmental conditions of the high mountains 
and have been a part of this ecosystem for 
centuries. During the transition process in Central 
Asian countries, the number of yaks in the high 
mountains has been reduced. Government support 
is intended to increase the population again. In 
doing so, the ecological demands of the alpine 
landscape have to be taken into account. The aim 
of our research was to analyse the behaviour of 
yaks (Bosgruniens) in herds in close temporal 
succession in order to learn how the animals use 
the grazing areas at different altitudes in the course 
of the year. We also determined what distances the 
animals cover in summer and winter. Furthermore, 
we investigated which factors influence the grazing 
process.

Material and Methods
The studies were conducted on yaks in eastern 
Kyrgyzstan; Tian Shan Mountains, Chon - 

Taldy Suu, 42°05`46.20 “N; 79°00`27.09 “E. A 
herd of 230 adult female yaks was available for 
habitat behaviour analysis and evaluation. We 
equipped 12 focal animals with GPS receivers in 
three experimental years. In the first and second 
year of the experiment, the animals were only 
equipped with GPS receivers in summer. In the 
third year, the yaks also wore the GPS receivers 
in winter.  The selection of focal animals resulted 
both from the limited number of GPS - collars 
and from the fact that various authors have found 
in their studies that yaks graze close to each 
other (Belyaev 1980, Sambraus 1999, Wiener et 
all.2003/06). This made it possible to describe 
the location of the herd with only a few animals 
equipped with GPS systems. The system recorded 
the positions of the animals at intervals of 15 min. 
The data processing and visualisation was done 
in the geographic information system (GIS) with 
the software ArcGIS 10.2 (ESRI). The tool Base 
map Service in ArcGIS served as the map basis. 
For the analysis and representation of the habitat 
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behaviour, the home ranges of the yaks as well as 
the variance of the intensity of use of partial areas 
(kernel density estimation, Silverman 1986) within 
the grazing area were calculated.  We recorded the 
grazing behaviour by manual and video-based 
observation. To determine the seasonal influence 
(weather and vegetation) on the behaviour of the 
yaks, we divided summer and winter into the 
following periods: S1: June 1 to 30; S2: July 1 
to August 4; S3: August 5 to September 30; W1: 
October 1 to November 30; December 1 to March 
31; W3: April 1 to May 31.

Results
Those yaks that were equipped with GPS receivers 
represented the respective location of the entire 
herd very well. We determined the home ranges 
of three focal animals on seven consecutive days 
and the inter-individual distances between them at 
3 pm. The three yak cows formed average daily 
home ranges of 2.4 ha (0.6 - 9.6 ha) during this 
period. The mean inter - individual distance was 
180 m (49 - 546 m). 

The habitat behaviour of the yaks depends 
on several factors, mainly related to the 
largeheterogeneous grazing area. The home ranges 
in summer, which were generated by the GPS data 
of the focus animals in the three study years, are 
almost congruent. They mark used grazing areas 
of 2329 ha in the first, 2123 ha in the second 
and 2078 ha in the third year. The home range 
following this year in winter had a size of 2166 ha. 
Within this large area, forage supply, geographical 
conditions and seasonal and local weather vary. 
The intensity of use of sub-areas determined with 
the help of the kernel density function shows 
that certain pasture areas are permanently more 
frequented than others are. The most heavily used 
pasture areas in the three summers had a size of 
281 ha, 394 ha and 256 ha, respectively. Thus, 
their share of the total grazing area was 12%, 18% 
and 12%, respectively. In winter, yaks used about 
8% (180ha) of the home range identified for this 
period most intensively. The main reason for the 
different intensity in land use is the local variance 
in vegetation due to soil quality, water supply and 
exposure of the different sub-areas. This results 
in considerable differences in the availability of 
pasture foragewithin the grazing area. Particularly 
heavy use of frequently visited areas can lead to 
soil degradation and erosion.

The yaks’ preferences for altitude in the mountains 
change with the seasons. From the beginning to 
the middle of summer, the animals preferred to 
stay on pastures that are 3000 to 3400 m above 
sea level. This indicates that the animals prefer the 
higher and cooler areas when temperatures rise. At 
the end of the summer period, they again prefer the 
somewhat lower pastures (around 3000 m above 
sea level). The trend towards using lower-lying 
areas continues in winter. In the deepest winter 
(middle phase), they searched for food on areas 
near the herder’s family home (2600 m above 
sealevel), where they are protected from predators 
at night in a yak corral. 

We analysed the locomotion behaviour of the yaks 
based on the distances covered. The comparison 
of the distances covered in the winter and summer 
period’s shows that the yak cows moved a total 
of 2334 km through the mountains between 
1 October and 27 May of the following year. 
That are about 10 km per day. For the summer, 
we measured 540 km. That are 5.3 km per day. 
The differentiated consideration of the individual 
seasonal phases shows for the summer that in the 
early phase, the animals walk the least and later 
the distances continuously increase. A different 
picture emerges when looking at the distances 
travelled in the winter period. Here, the animals 
cover significantly longer distances. The middle 
phase from December to March is particularly 
noticeable because of the longer distances.

The grazing behaviour of the Yak cows was 
analysed in the summer periods by direct 
observations (7.00 a.m. - 7.00 p.m.). The duration 
of grazing was calculated as a proportion of time 
per hour of observation. In the early phase of the 
summer period, the animals grazed for an average 
of 42 min per hour during the observation. In the 
middle phase it was 33 min and at the end of the 
summer period 38 min. The diurnal distribution of 
the intensity of grazing is similar in the early and 
late phase. There are no pronounced minima and 
maxima. In total, the animals grazed for 9 h in the 
early phase and 8.2 h in the late phase. In contrast, 
in the middle phase there are different grazing 
activities evident in the diurnal cycle. Here, the 
animals alternate between shorter and longer 
periods when grazing. In the middle summer 
phase, the yaks were busy grazing for an average 
of 6.4 hours per day.
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Discussion
The assumption that the yaks graze rest and move 
relatively close to each other in the herd was 
confirmed. In accordance with the results of other 
authors (Belayev 1980, Sambraus 1999, Wiener 
2003/06), the animals remained in close contact 
with each other. Thus, it is possible to analyse the 
behaviour of the herd on the pasture with a few 
focus animals equipped with GPS - receivers. The 
yaks carrying GPS receivers marked the home 
ranges of the herd. The areas used in summer (2078 
ha) and winter (2166 ha) were about the same size. 
The preference of sub-areas determined with the 
help of the kernel density function showed a large 
variance. The preference of plots varies during the 
year and it is mainly influenced by the plant yield. 
When calculating the grazing area requirements 
for a yak herd, the plot-specific variability of the 
forage supply must be taken into account. In our 
studies, the yak cows predominantly used only 
12% to 18% of the total grazing area to cover their 
nutrient requirements in summer. In relatively 
warm weather, the animals prefer areasnear 
glaciers. Hereit is cooler and there are no stinging 
insects. Kellner (1996) made similar findings. 
In winter, yaks prefer grazing areas on southern 
slopes. More intense sunlight and a thinner snow 
covermake  it easier for the animals to find  forage. 
In our investigations, we have found that the yaks 
cover significantly longer distances in winter 
than in summer. This is mainly due to the time-
consuming search for food. For grazing in the 
vegetation period, the yaks spent about 53 - 70% 
of the duration of a light day. Buzzart et al., (2014) 
found in their studies that female wild yaks spent 
68% of the observation time grazing. According 

to Wiener et al., (2003/06), grazing time varies 
between 34 and 80% of the time of a light day. In 
the summer period the yaks realised longer grazing 
times in the early and late phases than in the middle 
of the summer. Due to the restrictive nutrient 
supply in winter, the animals have lost body mass 
and there is a considerable nutrient demand for 
compensation and growth. Therefore, they eat 
long and intensively during the day. Later on (mid-
summer phase), when the animals have met their 
compensation needs, they feed less and spend less 
time grazing. The lengthening of grazing times 
in the late summer phase is because food supply 
becomes scarcer again. These relationships have 
also been found by Luming et al., (2008), Wang et 
al., (2011), Ding et al., (2014). The studies should 
contribute to the knowledge about the site- and 
time-related behaviour of yak herds.

 This research is a contribution to the development 
of pasture management systems that draw on 
information from remote sensing data, among 
other things.  Moreover, this with the aim of using 
the existing natural resources of the high mountain 
pastures in an environmentally friendly and 
sustainable way.
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Abstract
This study investigated the integration of Long Range Wide Area Network (LoRa WAN) communication 
technology and sensors for use as Internet of Things (IoT) platform for Precision Livestock-Farming 
(PLF) applications. The research was conducted at New Mexico State University’s Clayton Livestock 
Research Centre. The functionality of LoRA WAN communication technology and performance of LoRa 
WAN motion and GPS sensors were tested using static sensors that were placed either, a) outdoors and 
at incremental distances from the LoRa WAN gateway antenna (Field, n=6), or b) housed indoors and 
close to the same LoRa WAN gateway antenna (Indoor, n=5). Accelerometer data, reported as motion 
intensity index, and GPS location were acquired, transmitted and logged at 1 and 15 minute intervals, 
respectively. We evaluated the tracker’s GPS accuracy (GPSBias as the euclidean distance between 
the actual and projected tracker location) and variables associated with the tracker’s data transmission 
capabilities. The results indicate that field trackers had a greater accuracy for remote sensing of GPS 
locations compared to indoor trackers facing increasing communication interference to acquire satellite 
signals (GPSBias; 5.20 vs. 17.76 m; P<0.01). Overall, the trackers and deployments appeared to have 
a comparable GPS accuracy to other tracking devices and systems available in the market. The total 
data packets that were successfully transmitted were similar between the indoor and field trackers, but 
the number of data packets that were processed varied between the two deployments (P=0.02). Due 
to the static deployment of indoor and field trackers, activity data was almost non-existent for most 
devices. However, same trackers embedded on collars that were mounted on mature cattle showed 
clear diurnal patterns consistent with time budgets exerted by grazing cattle. The pilot testing of GPS 
and accelerometer sensors using LoRa WAN technology revealed reasonable sensor sensitivity and 
reliability for integration in PLF platforms.

Introduction
The continued advancement of Internet of Things 
(IoT) ecosystems (Madakam et al., 2015) has 
facilitated the development of various animal 
biosensors (Halachmi et al., 2019), new data 
transmission capabilities (Navarro et al., 2020; 
Sanchez-Iborra et al., 2018), and improved online 
data processing and storage through advanced 
analytics (Laca 2009). As a result, the IoT is 
emerging as one of the preferred ecosystems 
for use in Precision Livestock Farming (PLF) 
and Ranching (PLR) applications (Bailey et 
al., 2021). The hypothetical paradigm shift for 

PLR is the transition of traditional livestock 
production to aspirational management systems 
capable of optimizing production efficiency 
with increasing standards for animal welfare and 
sustainability (Tedeschi et al., 2021; Greenwood 
et al., 2016). Among the potential benefits of PLF 
is the individualized monitoring of animals in 
large herd settings, less need for physical labour, 
improvements of ranching lifestyle, flexibility to 
schedule ranch and livestock management tasks, 
and minimization of undesirable environmental 
and financial impacts facilitated by more timely, 
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adaptive, and accurate decision-making. In this 
study, we conducted a pilot test to investigate 
the performance of LoRa WAN technology for 
use as a real-time animal monitoring system. The 
research tested the behaviour and functionality 
of tracking devices while using two deployments 
(Field and Indoor). We tested the accuracy of GPS 
trackers under the hypothesis that lower satellite 
signal interferences associated with field trackers 
will result in a better acquisition and accuracy of 
GPS data than trackers deployed indoors. We also 
expected the tested trackers to have a comparable 
accuracy to GPS devices and applications 
currently available on the market or described 
in the literature. Finally, we evaluated the LoRa 
WAN data transmission capabilities of the tested 
platform hypothesizing a similar and satisfactory 
data acquisition and transmission rate for the two 
tested deployments.

Materials and Methods
The study was conducted at New Mexico State 
University’s Clayton Livestock Research Centre 
(CLRC), located 7miles east of Clayton, New 
Mexico, USA, after approval by the Institutional 
Animal Care and Use Committee. The research 
site consisted of 1.39km2 (320acres) of open 
flat terrain. The LoRa WAN communication 
technology was chosen as the system to transmit 
data between LoRa WAN-trackers (widgets) and 
the LoRa WAN-gateway station (Navarro et al., 
2020; Sanchez-Iborra et al., 2018). The theoretical 
coverage of the network was approximately 5-8 
km, based on the modelling of a deployment for 
flat and open topography and the use of a high gain 
LoRa WAN antenna placed at the top of a 27.4 m 
feed mill elevator (Navarro et al., 2020).

A pool of 40 LoRa-WAN-enabled Abeeway® 
(https://www.abeeway.com/) Industrial Trackers 
US915 were configured to communicate with 
a Kerlink (https://www.kerlink.com) Wirnet 
gateway station. The trackers were set to an 
“Activity Tracking” configuration, making the 
reporting of activity the “main operation” and the 
periodic reporting of position the “side operation”. 
Data collection interval was 1 minute for the 
detection of motion intensity using the three-
axis accelerometer sensor and 15 minutes for the 
positions acquired using the GPS-only technology 
option.

From October 24 to November 17, 2020, a subset 
of 6 trackers (Field) were randomly selected from 

the pool of 40 trackers and were positioned in the 
field at different distances from the LoRa WAN 
gateway and high gain antenna. Field trackers were 
secured on a fence post at ~1 m above ground. Five 
of the remaining trackers were housed indoors and 
kept inside the feed mill office located few meters 
away from the feed mill elevator and LoRa WAN 
gateway and antenna. 

Data collection from Field (6) and Indoor (5) 
trackers lasted 7 days. Prior to analyses, date 
and time stamps were converted from the default 
Greenwich time zone (+00:00) to the Mountain 
time zone (-06:00). The position data, including 
geographic coordinates for latitude and longitude 
(in decimal degree units), were converted and 
projected into the UTM coordinate system (Zone 
13 N) using ArcGIS software (ESRI 2018, ArcMap 
Desktop v. 10.6). The shapefiles containing 
recorded positions from trackers (Field and 
Indoor) were overlaid onto an ortho-imagery that 
was used as ground truth reference to manually 
enter the actual location of trackers. In most cases 
the truth location of trackers was concurrent with 
the centroid point from the tracker’s GPS data. 

For each tracker GPS point, a measurement of 
position bias (GPSBias) was calculated as the 
euclidean distance between the tracker actual 
location and the projected GPS point according to 
the Pythagorean Theorem:    
GPSBias =

where x and y are the easting and northing 
projected data points of the tracker, and xk and yk 
are the actual easting and northing location points 
of that tracker. The total daily Activity, Energy, 
HeartBeat, and GPS data payloads transmitted 
and received (#Activity, #Energy, #Heartbeat, 
and #GPSData, respectively) were calculated by 
counting the number of messages retrieved per unit 
tracker. The daily data packets sent were calculated 
as the sum of individual messages received per 
tracker (#TotalData). The “sequenceNumber” was 
the unique cumulative ID stamp given to each data 
packet computed by a tracker, either successfully 
transmitted and received or not. The number of 
daily data packets processed (#ProcessedData) 
by a tracker was the difference between the 
maximum “sequenceNumber” value for that day 
and the maximum “sequenceNumber” value for 
the previous day. 
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Figure 1: Box plot of the GPS bias for static trackers, either positioned outdoors (right panel) in the field 
(n=6), or indoors (left panel) inside a building (n=5) with an obstructed line of sight to satellite signals 
and/or the gateway antenna. The panels represent visualization of GPS bias measures up to 50 m. 

The projected GPS positions (Field and Indoor) 
were inspected for erroneous GPS locations based 
on analyses of the GPSBias. Upon visual detection 
and assessment of erroneous GPS positions, an 
outlier detection algorithm was then used to filter 
GPS data. All of daily projected coordinate values 
for an individual tracker were converted into a 
normalized z-score, highlighting extreme score 
values with low probability under assumptions 

for a normal distribution of data points (z > |4.5|). 
This analysis was done separately for easting 
and northing data points using the formulae: (z = 
( ), where i is the easting or northing value for a 
particular GPS point, μ is the average easting or 
northing of GPS data points collected on a given 
day, and σ is the standard deviation (either for 
the easting or northing values) of the GPS points 
collected in that same day.
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Figure 2: Projected GPS data of static trackers, 
either positioned outdoors (Field; n=6) or indoors 
(Building; n=5) with an obstructed line of sight to 
satellite signals and/or the gateway antenna. All 
GPS data locations (circles), normally behaving 
locations (enclosed by blue circles) and erroneous 
GPS locations (enclosed by open red symbols) 
computed by a GPS outlier detection algorithm. 
The left panel shows the spread of all GPS data 
from both deployments (Building and Field), while 
the right panel highlights the research site area.

The GPSBias, either for raw data or data previously 
filtered for erroneous GPS points, and the daily 
message payload (#Activity, #Energy, #Heartbeat, 
#GPSData, #TotalData, and #ProcessedData) 
were analyzed using SAS 9.3 (SAS Institute, 
Cary, NC). The MIXED procedure with a ‘covtest’ 
statement was used to model the fixed effects of 
deployment (indoor and field), day (n=7), and their 
interaction. Means were computed and compared 
by LSMEANS and pdiff tests, and differences 
were declared statistically detectable at P≤0.05. 
The effect of trackers (indoor n=5 and field n=6) 
was modelled as a random effect. 

Results
The GPSBias was not affected (P=0.25) by the 
deployment by day interaction or the main effects 
of deployment (875.82 vs. 67.10 m for building 
vs. field respectively) and day when raw data was 
tested (Figure 1). However, when the GPS outliers 
were removed, the effect of the deployment type 
was significant (P<0.01), with indoor trackers 
having higher GPSBias than field trackers (17.76 
vs. 5.20 m). A total of 52 out of the 6369 GPS 
locations were flagged as outliers (Figure 2). 

The daily message payload between deployments 
(Indoor vs. Field) was not significant for #Activity 
(P=0.15), #Energy (P=0.96), #Heartbeat (P=0.17), 
#GPSData (P=0.49) or #TotalData (P=0.15). 
However, the daily #ProcessedData differed 
between deployments (P=0.02), with field trackers 
having more processed data than indoor trackers 
kept inside the building.

Discussion
Visual assessments and GPSBias measurements 
highlighted the presence of a low frequency of 
erroneous GPS data, especially in situations where 
the trackers had an obstructed line of sight to 
satellite signals. Similarly, the analysis of GPSBias 
for trackers placed outdoors, both with direct line 

of sight to satellites and incremental distances from 
the receiving antenna (Field), showed that 95% of 
the GPS data points fell inside a 15 m radius of the 
actual tracker locations. Conversely, the radius for 
95% of GPS points increased to 40 m for nearby 
indoor trackers with an obstructed line of sight to 
satellites and the receiving antenna. This lower 
GPS accuracy of obstructed trackers is consistent 
with previous reports by Agouridis et al., (2004) 
that documented a 2.5 increase of GPS error for 
trackers manipulated under a dense canopy cover 
obstructing acquisition of satellite signals.

The mean estimation of GPSBias for raw data 
failed to detect GPS positioning differences 
between indoor vs. field placed trackers due 
to a violation of statistical model assumptions 
associated with the presence of GPS outliers. 
These results further justify the critical need for 
internal algorithms to detect and filter for extreme 
GPS outliers. Furthermore, when erroneous GPS 
points were detected and filtered, trackers kept 
indoors and manipulated for impaired line of 
sight with satellites and receiving antenna showed 
higher GPSBias than outdoor trackers with a 
clear line of sight to satellites. The overall results 
supported the hypothesis that the tested sensors 
would acquire GPS data with reasonable accuracy 
and would be comparable to other commercially 
available trackers on the market (Buerkert and 
Schlecht 2008). 

During the data analysis, the trackers internal 
variable of GPS accuracy, HA (Horizontal 
Accuracy) did not show a consistent correlation 
with GPSBias measurements. The unreliability of 
internal GPS variables for predicting accuracy of 
the data was also reported by Buerkert and Schlecht 
(2008), who concluded that metrics for dilution of 
precision (DOP) values of three different trackers 
analyzed had a limited value for use as indicators 
of GPS data acquisition quality. 

Data transmission rates were stable between 
deployments, supporting the hypothesis that 
comparable data transmission rates would occur 
regardless of the location or physical deployment of 
trackers and the gateway antenna. The percentage 
of successful data transmission (#TotalData/ 
#ProcessedData * 100) for the stationary trackers 
placed either outdoors at distant locations from the 
antenna or indoors with obstructed line of sight 
to the nearby receiving antenna was 77.24 and 
92.99 %, respectively. This finding is consistent 
with previous work by dos Reis et al., (2021) 
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that reported up to a 40 to 60% data transmitting 
loss for LoRa-WAN trackers collecting GPS and 
activity data from remote locations. 

Erroneous transmission of activity data packets 
was detected for one of the static trackers kept 
indoors (building_66), and two of the static 
trackers kept outdoors (Field_62 and Field_88). 
The remaining trackers transmitted no activity 
messages as was expected during the stationary 
testing phase. While no reasonable explanations 
were found for this unexpected motion sensing, a 
follow-up deployment of same trackers embedded 
inside collars and mounted on grazing animals 
showed satisfactory behaviour of motion data. 
These motion recordings revealed a clear diurnal 
activity pattern consistent with published diurnal 
time budgets (Gregorini 2012) exerted by grazing 
cattle (Figure 3).

Figure 3: The panel represents the needle plot of 
activity data as a motion intensity (y-axis) using 
IoT sensor devices worn by mature cows (n= 6) 
grazed on pasture fields at the Clayton Livestock 
Research Center.

The preliminary results of this study support the 
application of LoRa WAN communication as a 
useful IoT platform for PLF and PLR applications. 
The envisioned research that is proposed under the 
Sustainable Southwest Beef project being led by 
NMSU is to develop a precision ranching platform 
able to monitor livestock, drinking water, forage, 
and rainfall in real-time with the integration of a 
rancher-friendly visualization dashboard for use as 
a decision-support tool. 
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Abstract
It is known that polyphenols in plants have a high antioxidant capacity. However, there is scarce 
information on its concentration in native plants and the effect of antioxidant capacity to grazing animals. 
In this study, polyphenol concentration of available plants was investigated in a species-rich grazing area 
in north-eastern district of Japan. In addition, polyphenol concentration in blood serum of grazing cattle 
was also measured. Eight beef cows grazed in a grazing area (hill pasture 3.1 ha; forest 16.9 ha) from 
late spring to mid-autumn (142 days), and four cows among the eight grazed at an orchardgrass pasture 
in mid-summer (10 days). During the grazing period, foraging behaviour was directly observed, and 
plant species proportion in ingesta and residence time in the hill pasture and the forest were measured. 
Based on these results, the top 10–13 species were hand-clipped by mimicking foraging manner of 
cows, and total polyphenol and catechin concentration were measured. Blood samples of cows were also 
collected during the grazing period, and potential antioxidant [PAO] and serum total antioxidant status 
[STAS] were analysed. The cows ingested 17–32 plant species in the hill pasture, and 53–73 species in 
the forest. In contrast, the cows ingested mainly orchardgrass in the sown pasture in mid-summer. Total 
polyphenol and catechin concentration were higher in tree leaves (112.8–209.3 g/kg DM, 0.081–6.250 
g/kg DM) than monocots (11.9–34.0 g/kg DM, 0–0.159g/kg DM). However, those concentration in 
ingesta of the cows were low throughout the seasons (35.0–56.9 g/kg DM, 0.108–0.467 g/kg DM), as in 
the sown pasture (26.2 g/kg DM, 0.158 g/kg DM), due to high proportion of monocots in ingesta at the 
hill pasture (67–75%). PAO (373.4–455.8 µ mol/L) and STAS (769.8–910.0 µ mol/L) of the cows were 
almost constant throughout the seasons.

Introduction
Recently, much attention has been paid for 
functions of ecological diversity in grasslands 
and rangelands. Our research works revealed that 
grazing animals encounter and consume a wide 
range of plant species in diverse, species-rich 
pastures (Ogura 2011). Plant species-richness 
likely affects the amount and proportion of 
dietary nutrients for grazing animals, because 
the nutrient composition of plants varies among 
species (Ohlson and Staaland 2001), and access 
to a wider range of species provides foraging 
animals a wider range of choices. It is known that 
shrubs and trees of several types have high total 
antioxidant capacity and forest grazing increase 
plasma antioxidative activity of cattle (Haga et al., 
2014; 2016). Polyphenols in plants have a high 
antioxidant capacity, which potentially improve 
antioxidant capacity of grazing animals (Surai 
2014). However, there is scarce information on 
its concentration in native plants and the effect of 

antioxidant capacity to grazing animals. 

  Therefore, in this study, polyphenol concentration 
of available plants was investigated in a species-
rich grazing area in north-eastern district of Japan. 
In addition, polyphenol concentration in blood 
serum of grazing cattle was also measured. 

Materials and Methods
The experiment was conducted at the Field Science 
Center, Graduate School of Agricultural Science, 
Tohoku University (Osaki, Miyagi, Japan, 38°N, 
140°E). Eight beef cows grazed in a hill grazing 
area (hill pasture 3.1 ha; forest 16.9 ha) from 
late spring to mid-autumn (142 days), and four 
cows among the eight grazed at a sown pasture 
dominated by orchardgrass (Dactylis glomerata 
L.) in mid-summer (10 days). In both grazing 
area, the cows were allowed to access to water and 
mineral salt block in ad limitum. All the animal 
experimental procedures were approved by the 
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Committee for Animal Experiment and Welfare of 
Tohoku University (2017AgA-025-1).

  Plant species ingested by the cows were visually 
identified and recorded by 2-hrs observation of 
the eight animals, at 30-second intervals during 
foraging bout in the morning and evening, in 12–
20 June (early summer), 26 July–2 August (mid-
summer) and 20–28 September (early autumn), 
2018. Vegetation type (i.e., pasture or forest) of 
the locations where the cows foraged was also 
recorded. From these data, plant species proportion 
in ingesta was calculated for each plant species. A 
GPS device and a motion sensor were set to all the 
cows to record their grazing time in pasture and 
forest. 

  Based on these results, the top 10–13 species 
were chosen and hand-clipped by mimicking 
foraging manner of cows, and total polyphenol and 
catechin concentration were analysed by Folin-
Ciocalteu method and high-performance liquid 
chromatography, respectively. Blood samples of 
the cows were also collected seven times at 9–33 
days interval from jugular vein during the grazing 
period, and potential antioxidant (PAO) and serum 
total antioxidant status (STAS) were analysed by a 
colorimetric method.

Results
Plant Species Ingested by Grazing Cows

In the hill grazing area, the cows ingested 17–32 
plant species (e.g., Anthoxanthum odoratum L., 
Carex albata Boott. and Rumex acetosella L.) in the 
hill pasture, and 53–73 species (mainly tree leaves 
of Carpinus laxiflora (Sieb. et Zucc.) Blume, Acer 
rufinerve Siebold et Zucc. and Viburnum dilatatum 
Thunb.) in the forest. The cows spent 33.4% (2.8 h/
day) and 23.5% (2.2 h/day) of foraging time in the 
forest. The proportion of tree species in foraging 
was 11-20%. In contrast, the cows ingested mainly 
orchardgrass in the sown pasture in mid-summer.

Polyphenols and Catechin Concentration in 
Plants and Ingesta of the Cows

Total polyphenol concentration of plants was 
higher in tree leaves (112.8–209.3 g/kg DM) 
than monocotyledons (11.9–34.0 g/kg DM) and 
forbs (40.6–109.2 g/kg DM). Similarly, catechin 
concentration of plants was also higher in tree leaves 
(0.081–6.250 g/kg DM) than monocotyledons 
(0–0.159g/kg DM) and forbs (0–2.948 g/kg DM). 
However, those concentration in ingesta of the 

cows were low (35.0–56.9 g/kg DM, 0.108–0.467 
g/kg DM) as same as in the sown pasture (26.2 g/
kg DM, 0.158 g/kg DM) throughout the grazing 
seasons, due to high proportion of monocots in 
ingesta at the hill pasture (67–75%). 

Antioxidative activity of Serum of the Cows

Serum PAO and STAS of the cows ranged 
373.4–455.8 µ mol/L and 769.8–910.0 µ mol/L, 
respectively. Both antioxidative activity did not 
vary throughout the seasons.

Discussion
The number of plant species appearing in the 
pasture was higher in the forest than in the pasture, 
and the number of plants ingested by cattle was 
also higher in the forest in both seasons. However, 
the daily foraging time was longer in the pasture 
throughout the season. Therefore, it is likely that 
the foraging time is longer in pastures under such 
pasture-forest combined area.

  In this study, the total polyphenol content was 
higher in tree leaves than in monocotyledons. This 
finding is similar to the reports of Haga et al., (2014; 
2016) which indicated that the antioxidant capacity 
of tree leaves is higher than that of monocotyledons. 
These findings suggest that bovine foraging on 
woody plants in addition to grasses under diverse 
vegetative conditions potentially result in a high 
intake of total polyphenols. However, in this 
study, the concentration of total polyphenols and 
catechin in ingesta of the cows were almost same 
as in the sown pasture. Haga et al., (2016) showed 
that the plasma antioxidant capacity of grazing 
cattle in forestland increased when the proportion 
of tree species consumed was about 30-55%. The 
proportion is higher than in this study, suggesting 
that more than 30% of foraging proportion of 
tree species to obtain a significant increase in 
plasma antioxidant capacity in bovine grazing in 
forestlands. 

In addition, total polyphenol intake was 
significantly higher in the mountain grazing area, 
but there was no difference in serum antioxidant 
capacity (STAS, PAO) of the grazing cows between 
the hill grazing area and the sown pasture; the 
difference in the amount of polyphenol intake due 
to grazing under different vegetation did not affect 
the serum antioxidant capacity of grazing cattle. 
This may be due to the fact that both grazing areas 
did not consume enough polyphenols and catechin 
to affect the serum antioxidant capacity of cattle, 
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or that the effect of polyphenol intake on serum 
antioxidant capacity was small. 

In conclusions, this study indicated that tree 
species have high total polyphenols and catechin 
concentration than herbaceous plant species, 

particularly monocotyledons, throughout the 
grazing season. However, serum antioxidant 
capacity of grazing cows does not increase if the 
proportion of tree leaves in ingesta is low (<20%).
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Abstract
Croton megalocarous is a tree native to the arid and semi-arid rangelands of East Africa that produces 
nuts reported to contain high crude protein (CP). However, they are often neglected as a potential feed 
due to lack of information on how best to utilize them. This study was conducted to evaluate the chemical 
composition and in sacco dry matter (DM) degradability of four forms of croton namely whole nut (WN), 
peeled nut (PN), De-husked nut (DhN) and Defatted seed (DfS). DM of all forms was above 89%, ash 
content was highest in WN (5.9%) and least in PN (2.2%). Crude fibre content was high in WN (52.2%) 
and PN (57.8%) while the DhN and DfS had the highest CP (15.7%) and (19.8%) respectively. Ether 
extract content was highest in DhN (36.2%) and least in DfS (11.2%). In sacco DM degradability was 
highest after 48 hours of incubation in all forms with highest degradability recorded for DhN (60.5%) 
and the least for PN (34.5%). The rapidly soluble fraction (a), potentially degradable fraction (a+b), 
index value (IV) and effective degradability (ED) were significantly high in DhN compared to the other 
forms. High DM was an indication of good keeping quality implying that nuts could be harvested and 
stored for future feeding while ash content reflected on potential as a source of minerals for livestock. 
The CP and IV of all the croton forms was above the 7% and 33% minimum required for optimum rumen 
function and to support sufficient feed intake, respectively. Processing of croton nut by de-husking and 
oil extraction enhanced the CP, soluble and potentially degradable fractions of croton nut. Subsequently, 
the two forms could satisfy the minimum of 15% CP required for lactation and growth in addition to 
provision of readily fermentable nutrients to boost intake of low-quality forages.

Introduction
Livestock production is a source of livelihood, 
wealth and nutrition thus an important economic 
activity by communities in the rangelands (Nabarro 
& Wannous 2014)food security, livelihoods 
and resilience of hundreds of millions of people 
throughout the world. Livestock accounts for 40% 
of worldwide income from agriculture. Demand 
for animal products is set to continue increasing 
in the next three decades, as is their market price. 
If not carefully managed, a worldwide increase 
in the production of animal-derived products 
would increase pressure on natural resources 
(particularly water and land. However, increased 
frequency and length of the dry seasons decreases 
quantity of dry matter and quality of herbage in 
terms of carbohydrates and nitrogen concentration 
of livestock forages and feeds (Huho et al., 2012). 
This results to poor body conditions of animals 
and increased mortality which greatly affects 
productivity (Ojwang et al., 2010). Inadequate 

feeding is thus a major setback to the growth of 
livestock industry in the arid and semiarid lands 
(ASAL) and calls for identification and evaluation 
of alternative low cost non-human competitive 
feed resources which could be used for feeding 
livestock.

Various alternative, non-conventional feed 
resources for use in feeding livestock to enhance 
availability of feed and minimize competition 
from humans have been proposed (Makkar 2014). 
Croton (Croton megalocarpus) is a one such 
tree whose nuts have been reported to contain 
high content of crude protein and hence could be 
exploited for feeding livestock (Thijssen et al., 
1996;Ndegwa et al., 2011). However, to utilize a 
resource as livestock feed, nutritional as well as 
feeding value need to be demonstrated which is 
lacking for Croton nut. Therefore, this study was 
aimed at evaluating the nutritional composition 
and in sacco DM degradability of the various 
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processed forms of croton nut in order to provide 
insights on potential utilization as a protein 
supplement in ruminant diets.

Materials and Methods
Site description

Samples of Croton nut were collected from 
Laikipia County found on the Northwest zone 
of Mount Kenya. The County is located on a 
high plateau with an altitude of between 1600m 
and 2300m above sea level with a total area of 
9700km2. The area experiences a bimodal rainfall 
pattern with long rains between March and June 
and short rains between October and December 
(MoALF 2017). The annual precipitation varies 
between 400 to 900mm and average temperature 
is between 16oC and 26oC. The area lies in semi-
humid, semi-arid, arid to very arid agro ecological 
zones IV-VII, making the County to be considered 
as ASAL (MoALF 2017). 

Croton nut collection and processing

Mature Croton nuts were collected from the 
ground; air dried under shade and ground using 
a hammer mill to pass through a 2mm sieve. The 
nuts were processed to give the four forms used in 
this analysis namely: Whole nuts (WN) – where 
no processing was done, Peeled nuts (PN) - where 
outer seed coat was removed, De-husked nut 
(DhN) - where husks were removed and Defatted 
seeds (DfS) - seeds whose oil had been extracted. 
The DfS form was obtained from a commercial 
plant that extracts bio-diesel from croton in 
Laikipia County. 

Chemical analysis
Ground samples of the various forms of croton 
were subjected to proximate analysis to determine 
DM, Ash, CF, EE and CP and expressed on dry 
matter basis according to AOAC (1990). Organic 
matter (OM) and Nitrogen free extracts NFE 
were computed from the various components of 
proximate analysis on dry matter basis.

In sacco degradation 

In sacco degradation analysis was carried out 
following the procedure of (Ørskov 2000). Nylon 
bags were incubated for 3, 9, 12, 24, 48, 72 and 96 
hours in the rumen of the three fistulated steers.

The exponential equation of Ørskov & Mcdonald, 
(1979) was used to fit the data.

      
P=a+b(1- e-ct)                            (1)

Where: P is the disappearance of dry matter DM 
(%) incubated in the rumen at time t, a the rapidly 
soluble fraction, b is the insoluble but fermentable 
fraction, c is the rate of constant degradation per 
hour and e is 2.7182 (the base for natural logarithm)

Effective DM degradability (EDDM) to account 
for feed outflow from the rumen was calculated 
by applying the equation of McDonald, (1981) and 
index value (IV) using the equation by Ørskov & 
Shand, (1997)

       
ED=a+b(c/(c+kp))  (2)

      
IV=a+0.4b+200c                         (3)

Experimental design and Statistical analysis

Completely randomized design (CRD) was used. 
Where the various forms of croton nut constituted 
the treatments, which were replicated three times. 
The dependent variables were the components of 
proximate analysis and in sacco DM degradation. 
Analysis of variance was carried out on chemical 
composition components using STATA (2017). 
Significance between the means was tested using 
Tukeys’ honest significance difference.

Results
Chemical composition

The chemical composition of the various forms 
of croton nuts are presented in Table 1. All the 
components significantly differed (p<0.05) 
between the various forms of croton with the 
exception of NFE. All forms had >89% DM while 
ash content was significantly high in WN (5.9%) 
and lowest in PN (2.2%). Crude fibre content 
was lower in DhN and DfS compared to WN 
and PN forms while EE was significantly low 
in DfS. CP content in DhN and DfS was higher 
and significantly different (p<0.05) from WN and 
PN. The NFE ranged between 14.2% and 17.4% 
(p>0.05).
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Table 1: Chemical composition of the various forms of croton nut (DM %)

Forms of croton nut Nutrient components of the feed resource1

DM Ash CF EE CP OM NFE
Whole Nut (WN) 89.2a±

0.13 

5.9a±

0.20

52.2a±

0.82

18.5a±

0.99

8.9a±

0.41

94.7a±

0.18

14.3a±

0.54
Peeled Nut (PN) 96.2b±

0.13

2.2b±

0.01

57.8b±

0.78

17.4a±

0.25

8.0a±

0.15

97.8b±

0.01

14.2a±

0.73
Dehusked Nut (DhN) 91.7c±

0.08

2.3b±

0.08

33.6c±

0.29

36.2b±

1.10

15.7b±

0.52

97.7b±

0.07

11.9a±

1.95
Defatted Seed (DfS) 91.9c±

0.14

3.8c±

0.09

47.6a±

1.79

11.3c±

0.27

19.8c±

0.74

96.5c±

0.08

17.4a±

1.86

a,b,c, Means with different superscripts letters along the columns are significantly different p<0.05. ±SE, 
standard error, 1DM, dry matter; OM, Organic matter; CF, crude fibre; EE, ether extracts; CP, crude 
protein; NFE, nitrogen free extracts

In sacco DM degradation

In sacco degradability results of the various forms of croton are presented in Table 2. The trend of all the 
degradation parameters was highest (p<0.05) in DhN and least in PN (DhN>DfS>WN>PN) except for 
the (b) fraction where the trend was the reverse (PN>WN>DfS>DhN). 

Table 2::In sacco degradability characteristics for various forms of croton nut 

Form of croton nut Dry matter degradability parameters (%)e

24 h 48h A b a+b c IV ED

Whole Nut (WN) 38.7a±
1.79 

43.7a±
1.62

30.8a±
0.40

12.5a±
0.32

43.4a±
0.08

0.04a±
0.00

44.6a±
0.57

31.75a±
0.40

Peeled Nut (PN) 32.7a±
0.15

34.5b±
1.27

27.2a±
0.97

12.9a±
4.06

40.2a±
5.04

0.03a±
0.02

39.5a±
2.77

28.07a±
0.82

Dehusked Nut (DhN) 60.7b±
4.8

60.5c±
0.82

52.1b±
0.33

8.6a±
0.63

60.7b±
0.29

0.16a±
0.10

88.3a±
5.69

53.05b±
0.36

Defatted Seed (DfS) 48.3ab±
3.95

50.3a±
0.90

36.1a±
3.15

12.2a±
3.56

48.4ab±
0.41

0.08a±
0.04

58.2a±
4.71

37.11a±
3.11

a,b,c,, Means with different superscripts letters along the columns are significantly different p<0.05. (±SE) 
standard error, h is hour - dry matter degradability after 24 and 48h; a is rapidly soluble fraction, b 
is insoluble but fermentable fraction, and c is the rate constant of degradation; IV, index value; ED 
effective digestibility
Discussion
The DM content in all forms was above 86% which 
is the recommended level for storage of feeds as it 
impends growth of fungi and consequently reduces 
aflatoxin contamination. It therefore means that 
the nuts could be collected and stored for later use 
during periods of feed scarcity in ASAL. High ash 
content (2-2-5.9%) and EE (11.2-36.2%) may be 

indicative of potential of Croton nut as a good source 
of minerals, energy as well as supply fat soluble 
vitamins for ruminant animals. Whereas, the CP 
level in all forms was above the recommended 
(8%) required for maintenance in grazing ruminant 
animals (NRC 2001)”author”:[{“dropping-
particle”:””,”famiThe CP observed in this study 
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for DfS compared favourably with 18% reported 
by Thijssen et al., (1996) in seeds and could be 
used to supply protein to ruminant animals which 
is often a limiting nutrient during prolonged dry 
season in ASAL areas. 

The level of DM degradation of a feedstuff provides 
information on palatability and consequently the 
level of intake (Akhirany et al., 2013). In sacco 
degradability characteristics of the various croton 
forms were within the wide range of degradability 
for most tropical browse forages species utilized 
as livestock feed (Osuga et al., 2006). High 
rapidly degradable fraction in both DhN and DfS 
could be attributed to higher nutrient composition 
in these forms from the relatively high levels 
of CP and NFE which provide are sources of 
nutrients for rumen microbes hence increases their 
population and ability to act on fibre in the feed 
(Olivares-Palma et al., 2013). High fibre content 
reduces degradability of the feed as observed in 
PN which had high fibre content and low DM 
degradability. The index value for all forms of 
croton were above the minimum acceptable level 
(33) as recommended by Ørskov & Ryle, (1990), 

which indicates the minimum amount of feed 
that an animal can consume sufficiently to meet 
its maintenance needs. Processing had a profound 
effect on the degradability of croton with the later 
forms (DhN and DfS) being more degradable 
compared to the fore forms (WN and PN). High 
Effective degradability recorded in DhN and DfS 
implies that nutrients are more readily available 
for utilisation by ruminants (Olivares-Palma et 
al., 2013). In conclusion, processing of the nut 
by removal of the peel, husks, and oil improves 
nutrient availability and degradation of croton nut. 
Dehusked and defatted croton seeds have potential 
for inclusion in ruminant rations in ASAL to avert 
the effects of protein deficiency occasioned by 
drought hence improving productivity
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Abstract
Livestock grazing can enhance biodiversity and ecosystem services in agricultural landscapes. In many 
parts of Europe, however, grazing has lost its importance, especially in the dairy sector. Large proportions 
of permanent grassland have been converted to arable land or intensified by fertilization and frequent 
defoliation. The disappearance of large herbivores and extensively grazed pastures contributes to the 
loss of structural, functional and biological diversity and ecosystem services. Modern technologies, 
which circumvent the cost- and labour-intensive installation of physical fences, could facilitate a 
precise spatio-temporal management of livestock and promote grazing. We reviewed the literature 
on the state-of-the-art of virtual fencing, focusing on the prospects of these technologies to enhance 
environmentally-friendly livestock farming. Novel virtual fencing technologies are expected to entail 
various ecological benefits, but this has rarely been tested in practice. Future experiments not only need 
to increase sample sizes and study periods to evaluate the long-term effectiveness of virtual fencing, but 
also need to be specifically designed for answering questions of conservation interest. Virtual fences 
have the potential to reconcile agronomic with ecological demands and bring livestock back into the 
landscape, but whether they will actually find broad application depends on further multidisciplinary 
research on animal welfare, agronomic, social and legal aspects. 

Introduction
Grazing livestock has contributed to shaping 
the cultural landscape of Central Europe. Today, 
however, most livestock is housed indoors 
(Läpple and Sirr 2019), and conserved forages and 
concentrates have replaced grazed grass as the main 
components in the diet (Schingoethe 2017). To 
produce high-quality conserved forage, grassland 
utilisation has been intensified by frequent cutting, 
high fertiliser inputs and resowing, which has 
resulted in a significant loss of phytodiversity 
(Plantureux et al., 2005, Wesche et al., 2012). 
If milk is produced from pastures, management 
intensity and stocking rates are high in order 
to achieve high sward quality and little pasture 
remainder (McCarthy et al., 2016). This leads 
to short, uniform swards with taller vegetation 
exclusively located at excretion patches (White et 
al., 2001). Typical swards grazed by dairy cattle are 
therefore dominated by few plant species adapted 
to regular defoliation and nutrient input (van 
Dobben et al., 2019). By contrast, under extensive 
management, selective grazing leads to structural 
heterogeneity that can enhance phytodiversity 
and provide habitats for invertebrates in pastures 
(Jerrentrup et al., 2014, Tonn et al., 2019), but at 

the cost of reduced whole-sward forage quality 
(Bruinenberg et al., 2002). Hence, there is a trade-
off between intensive grassland management and 
biodiversity and ecosystem services (Maes et al., 
2012). Until now, few attempts have been made 
to harmonize the goals of intensive livestock 
production and biodiversity conservation. 

In rotational grazing, pastureland is divided into 
paddocks, which are alternately allowed to rest 
between grazing intervals. Paddocks that are 
skipped during the grazing rotation can be essential 
nesting habitat for birds (Perlut and Strong 2011) 
and promote the local plant and invertebrate 
diversity similarly as tall patches within extensive 
pastures (Wrage et al., 2011). For example, 
ungrazed areas were shown to diversify and 
prolong the availability of floral resources for bees 
in Mediterranean rangelands (Shapira et al., 2020). 
In extensive mountain pastures, a biodiversity-
friendly rotational grazing scheme, in which 
animals were removed from one paddock during 
the peak flowering period, promoted pollinators, 
while herbage mass and animal performance were 
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similar to continuous grazing (Enri et al., 2017). 

Given that current grazing systems rely on 
physical fences, rotational grazing schemes or 
temporal exclusion zones within pastures demand 
considerable extra effort and expenditures by the 
farmer. We propose that novel virtual fencing (VF) 
technologies could facilitate the implementation 
of biodiversity-friendly pasture management 
approaches independently of production intensity. 
To validate this assumption, we reviewed the 
literature, assessed the state-of-the-art of VF and 
identified research gaps concerning the potential 
of VF to allow for a flexible grazing management 
in accordance with environmental goals without 
the need for laborious fencing. 

Materials and Methods
We searched for scientific articles related to VF in 
Web of Science using the following search string: 
TS = ((stakeless OR wireless OR virtual* OR 
fenceless) AND (fenc*) AND (livestock OR cattle 
OR cow OR goat OR sheep)). This initial search 
(last performed on 28 October 2020) resulted in 
56 articles including reviews, original research 
papers and conference contributions. After 
screening titles and abstracts, we excluded any 
off-topic articles. We furthermore searched with 
Google Scholar using combinations of the above 
key words and checked references within articles 
and added missing articles to our initial list. From 
the resulting list of 58 studies, we extracted all 
papers that referred in any way to the topic of 
conservation. 

Results
We found 27 papers that addressed potential 
merits of VF from a conservation point of view, 
although this was rarely the main focus. Most of 
the experimental work (17 studies in total) was 
conducted in Australia (eight studies), fewer studies 
came from the US and Europe (four studies each) 
and one paper reported on experiments in Africa. 
The majority of research focused on cattle. Only 
one study each tested VF in a conservation context 
with sheep or goats. A French study (described in 
two papers) included six horses but did not report 
any specific results for this species (Monod et al., 
2008, 2009). 

State-of-the-art of virtual fencing technologies

Modern developments of virtual fences for 
livestock use remote positioning techniques 
combined with a conditioned pre-warning signal 

and an aversive stimulus in order to prevent 
animals from crossing a border that is not 
physically present (e.g. Umstatter 2011). The 
stimuli are applied to the animal’s throat or neck 
via electronic devices attached to a collar. The 
animal is supposed to stop or turn away from the 
virtual fence line at the sound of the pre-warning 
signal, otherwise the aversive stimulus, i.e. an 
electric pulse, is applied. The most advanced 
developments allow easy setting and moving of 
virtual fences via smartphone apps. Although the 
first advances to control animals without visible 
physical barriers had already been made in the 
1970s (Anderson 2007), most VF systems today 
are still in the prototype phase. 

Prospects of virtual fences contributing to 
conservation purposes

Researchers envision ample scope for virtual fences 
to support conservation interests (Table 1). The 
literature unanimously expects that VF technology 
can facilitate the protection of environmentally 
sensitive areas, especially riparian areas (e.g. 
Campbell et al., 2019), but also forest regeneration 
sites (Quigley et al., 1990), moorland (Umstatter et 
al., 2013), protected habitats (Monod et al., 2009) 
or sites prone to soil erosion (Marini et al., 2018). 
Virtual fences could be used in difficult terrain and 
remote or large areas, where conventional fencing 
is unfeasible. Grazing could thus be reintroduced 
to formerly abandoned areas or where physical 
fencing is prohibited (Monod et al., 2009). 
In general, the increased spatial and temporal 
flexibility promised by VF is expected to bring 
along environmental benefits and improvements 
in natural resources management. Setting virtually 
fenced exclosures within a pasture could foster 
small-scale vegetation heterogeneity and provide 
habitats for rare species (Umstatter 2011). 
Moreover, moving virtual fence lines could avoid 
permanent grazing pressure in sensitive habitats. 
In this context, some studies point out that VF 
might not be fail-safe in keeping animals within 
the delimited boundary (Anderson et al., 2014). 
This might not be concerning or even beneficial 
in some cases because many habitats require a low 
level of grazing, but in other cases, this might be 
challenging because complete absence of large 
herbivores would be optimal for reaching certain 
conservation goals, e.g. survival of ground-nesting 
birds. Wild mammals would profit from 
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Table 1: Expected benefits of virtual fences for 
conservation mentioned in a total of 27 studies.

Study objective No. studies
Protection of environmentally sen-
sitive areas 20

Spatially and temporally flexible 
management of grazing pressure 14

Increased habitat heterogeneity 
and protection of rare species 10

(Reintroduction of) grazing in 
challenging terrain, large or re-
mote areas

7

Reduced conflict with other land 
use (recreation, farming) 4

Unspecific ecological benefits, im-
proved natural resources manage-
ment

4

Wildlife-friendly (no fence-related 
mortality, no habitat fragmenta-
tion)

3

Landscape aesthetics 3
Weed control or grazing of crop 
residues 3

VF because the invisible barrier does not impede 
their dispersal (Jachowski et al., 2014). VF might 
also reduce conflicts between livestock grazing 
and other land use types, as they could prevent 
free-ranging herds from entering arable fields 
(Bello and Moradeyo 2019) or places highly 
frequented by humans, such as camping sites 
(Tiedemann et al., 1999). Generally, a landscape 
without conventional fences might be perceived 
as more natural and wild, which could enhance 
recreational experiences (Jachowski et al., 2014). 
Additionally, an effective VF system might open 
up opportunities to tackle specific conservation 
tasks, e.g. the control of invasive weed species by 
sheep or goat grazing (Fay et al., 1989). It might 
also allow for grazing of crop residues (Marini et 
al., 2018). Not yet mentioned in the literature is the 
idea to use arable fields oversown with cover crops 
later in the season as temporary grazing land. This 
could entail both economic and ecologic benefits, 
i.a. as cover crops are a valuable source of non-
human-edible forage (Karlsson et al., 2018). 

What has been tested so far?

Few studies have tested VF technologies in 
an applied conservation setting. In the early 
1990s, researchers made promising attempts to 

exclude cattle from riparian zones on ranches in 
the US using an ear tag that emitted audio and 
electric stimuli when the animals approached 
remote transmitters within the exclusion zone 
(Tiedemann et al., 1999). The ear tag, however, 
appeared to be too heavy and fragile for long-
term use. Another early VF technique, which 
relied on electromagnetic coupling between a 
wire and electronic collars emitting sound and 
electric signals, was tested from 1998 to 2003 
with more than 100 cattle in French mountain 
pastures (Monod et al., 2008, 2009). While the 
system was effective in containing the animals, it 
still relied on a wire that had to be placed around 
the grazing area. Only with the advance of GPS 
technology VF systems became independent of 
any physical installations in the field (Butler et al., 
2006). Investigating how to overcome limitations 
of short battery life, Ruiz-Mirazo et al., (2011) 
could show that discontinuous stimulation by VF 
collars was sufficient for discouraging cattle from 
using a specific area. The time animals spent in 
the exclusion area decreased by 97%, although 
the collar was turned on only 25% of the time. 
In contrast, deterring audio cues broadcasted by 
loudspeakers resulted only in an 18% reduction of 
the time cattle spent in an exclusion area (Umstatter 
et al., 2013). Using a recent pre-commercial 
VF collar, Campbell et al., (2019) tested if 10 
cattle could be excluded from a riparian zone in 
Australia. After three weeks of free access to an 
area of >10 ha including a river, the cattle were 
restricted to a smaller area excluding the river by 
a straight virtual fence. The animals were properly 
contained by the virtual fence for 10 days except 
for four animals once intruding into the exclusion 
zone. When the fence was deactivated, the animals 
crossed the former boundary within 2 h. In a further 
study with the same type of collars, Campbell et 
al., (2020) showed that cattle could not only be 
contained by a straight but also by a contoured VF 
line. The animals were excluded for 99.8% of the 
time from an area with regenerating tree saplings 
during a 30-day period, despite higher forage 
availability in that area. 

Conclusions
The scientific community generally anticipates that 
novel VF technologies for livestock management 
entail various environmental and ecological 
benefits. Results of first studies are promising, but 
experimental evidence for these expectations is still 
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limited. Sample sizes, study periods and complexity 
of fence lines need to increase for a comprehensive 
evaluation of the suitability of VF for practical 
applications. To fully exploit the potential of 
virtual fences to benefit nature conservation under 
different agricultural production intensities, we 
call for further experimental and applied work to 
answer specific questions, e.g.: Can VF be used 
for implementing biodiversity-friendly rotational 
grazing? What is the minimum size of small virtual 
exclosures within a grazing area? How does the 
permeability of virtual fences affect the chances 
to reach specific conservation goals, i.e. do virtual 
fences offer sufficient protection from trampling 
to ensure breeding success of rare bird species? 

Finally, apart from focusing on ecological aspects, 
multidisciplinary research covering animal 
behaviour and welfare as well as agronomic, social 
and legal issues is required to ensure that virtual 
fences actually become widely applied—as a tool 
to reconcile agronomic with ecological demands 
and bring livestock back into the landscape. 
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Abstract
Extensive beef businesses in the Gulf regions of Queensland, Australia commonly incorporate a breeding 
herd and a growing herd run across two or more properties. Breeding operations are typically found on 
less productive, forest country in the Northern Gulf. A separate steer growing property is generally 
located on significantly more productive pastures either across the Mitchell Grass Downs, or on improved 
pastures (buffel, urochloa, legume-grass combinations). Standard industry practice is to transfer steers 
at weaning from the breeder to the growing block. We applied herd modelling and economic analysis 
to identify the impact of steer transfer age from the Northern Gulf property (weaners, 18 months or 30 
months), and varying growing out periods on a Northern Downs breeding and growing property (12 or 
24 months); on the overall profitability of the business and compared with their total profitability when 
run separately. The Northern Downs property produced an operating profit of $285,000 when run as a 
steer growing operation only (no breeders, purchased weaners) which was 55% greater than when run 
as a breeding and steer growing operation ($183,500). All strategies for transferring steers between 
properties reduced the combined operating profit compared to when the properties were run as separate, 
optimised, entities ($20,400 to 37,600 less operating profit). There was no difference to the profitability 
of the Northern Downs property if weaners were bought in versus transferred as all transfers were 
made at their opportunity cost, but price risk may be increased if weaners are purchased as $661,000 
of livestock capital had to be sourced each year, on average, to restock the growing operation. The 
Northern Gulf breeding property is not running at its potential optimum if it is transferring weaner steers 
to a separate growing property, this is the least profitable age of turnoff Focusing on increasing steer 
age of turnoff and steer growth through appropriate supplementation and pasture improvement (and 
concurrent decrease in breeder numbers) is more profitable and potentially more drought responsive for 
the northern breeding operation. Running proportionally more steers to an older age is more profitable 
but the beef producers’ attitude to risk will decide the final proportion of breeders, bred steers and traded 
cattle on each property.
Introduction
Extensive beef production is a key part of the 
Queensland economy with over half (~of the 
Australian beef herd raised in predominantly 
extensive grazing situations across the state. 
The Northern and Southern Gulf NRM regions 
collectively produce 1.3 M head of cattle (~10 % 
Queensland beef). The Northern Gulf region is 
bounded by the Mitchell river in the north and the 
Flinders River in the South. Catchments run into 
the Gulf of Carpentaria. The region is typified by 

forested native pastures including black speargrass. 
Increased age of turnoff has been shown to 
improve the profitability of the Northern Gulf 
beef enterprise. (Bowen et al 2019 Northern Gulf 
report) The Northern Downs region consists of 4.4 
million ha of grazing land (DNRM 2010; DNRM 
2017) used largely for grazing.  The region is part 
of the larger Mitchel Grass Downs bioregion, a 
largely treeless grassland of undulating clay soils, 
extending across a total area of ca. 45 million ha 
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in Queensland and the Northern Territory (Orr and 
Phelps 2013). The dominant vegetation type is 
perennial native Mitchell grasses (Astrebla spp.) 
with timbered gidgee, boree woodlands, flooding 
river frontage and spinifex sand plains present in 
the region. Mitchell grasses are characterised by 
resilience under heavy grazing and variable rainfall. 
They exhibit rapid recovery in good rainfall years 
due to extensive root systems and tough tussock 
crowns (Partridge 1996; Orr and Phelps 2013).  A 
range of other perennial and annual native grasses 
and forbs are found in the bioregion, including 
the introduced perennial grass, buffel (Cenchrus 
ciliaris).  

Widespread industry practise involves weaner 
steers being transported to from a less productivy 
property to a more productive second property 
either in the higher rainfall zones of the east coast, 
in the improved pastures of central Queensland or 
on the Mitchell Grass Downs. Typically, several 
hundred kilometres separate the two properties. 
The aim of the current paper was to produce 
an ‘optimal’ use of two divergent properties 
incorporating a northern forest breeding block in 
the Northern Gulf and a Northern Downs growing 
block where the potential improvement in annual 
steer weight gain is about 140% (140/100; Bowen 
et al., 2020).

Materials and Methods
Study Site

The implications of different age of turnoff 
scenarios on productivity and profitability of a 
beef enterprise were modelled for a hypothetical 
combined beef cattle business in the Northern Gulf 
and Southern Gulf regions of Queensland using a 
case-study business analysis method (Sinnett et al. 
2019). Representative properties for the Northern 
Gulf region and the Northern Downs (Southern 
Gulf region) had previously been defined (Bowen 
et al., 2019; Bowen et al., 2020). Herd modelling 
and economic analysis to identify the total profit 
likely to be generated by the properties firstly 
operating as separate entities and, secondly, 
operating as an integrated entity transferring steers 
at weaning, 18 months old or 30 months from the 
Northern Gulf to the Northern Downs property. 
The economic criterion ‘Operating profit’ was 
defined as the return to total capital invested after 
the variable and overhead (fixed) costs involved 
in earning the revenue were deducted.  Operating 

profit represents the benefit resulting from all of the 
capital managed by the property.  The calculation 
of operating profit included an allowance for the 
labour and management supplied by the owner 
as a fixed cost, even though it is often unpaid or 
underpaid. The annual average improvement in 
profit generated by the implementation of each 
alternative steer strategy was identified. Stocking 
rates, weaning rates, heifer joining age, maximum 
cow culling age, mortality rates and steer growth 
rates were kept constant for each property for each 
scenario. 

The performance and inputs of the base scenario 
were altered to construct each new scenario. 
Excel spreadsheets were developed; using the 
methodology described by Malcolm et al., (2005) 
containing livestock schedules linked to cash flow 
and profit budgets for the base scenarios, and 
for each alternative age of turnoff scenario. This 
allowed for a comparison against the base scenario. 

Results
Industry practise – integration of breeding and 
growing properties

Table 1 shows the expected profit of the Northern 
Downs property integrated into a breeding and 
growing operation with steers of different ages 
transferred from the Northern Gulf property.  (The 
impact on the Gulf property of the different steer 
transfer strategies is summarised in Table 2). 

Transferring weaners from the Northern Gulf 
property and holding them for two seasons was the 
only scenario that improved the expected profit of 
the Northern Downs property managed in isolation 
as a breeding and growing operation with no steers 
transferred.  This outcome was not unexpected 
as the breeder herd running on the Northern 
Downs property was reduced to accommodate 
the weaner steers coming from the Northern Gulf 
and the gross margin/AE for the Northern Gulf 
weaner steers growing on the Northern Downs 
property was better than the gross margin/AE for 
the integrated breeding and growing operation 
running on the downs property. (i.e. running more 
steers and less breeders on the Downs property is 
more profitable).
Table 1: Operating Profit of the Northern Downs 
property with an integrated breeding and growing 
operation and steers transferred from the Northern Gulf 
and held on the Northern Downs for set periods.
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Operation profit calcu-
lation

Transfer age of steers from Northern Gulf property
No trans-

fer of 
steers

As Wean-
ers, held 24 

months

As 18 
month, 
held 12 
months

As 18 
month, held 
24 months

As 30 month, 
held 12 months

Steers transferred 0 288 259 259 226
Livestock sales - $243,943 $209,035 $274,325 $222,683
Livestock purchases - $105,846 $156,900 $162,958 $170,935
Treatment expenses - $720 $648 $673 $565
Total expenses - $106,566 $157,547 $163,630 $171,500
Gross margin for trans-
ferred steers

- $137,377 $51,488 $110,695 $51,183

Transferred steer AEs 
grazing Mitchell grass

- 453 226 528 239

AEs available after trans-
fer for Northern Downs 
herd

2,000 1,546 1,774 1,471 1,760

Gross margin for residual 
Northern Downs herd

$436,179 $337,166 $334,197 $320,810 $383,838

Northern Downs property 
gross margin

$436,179 $474,543 $385,685 $431,505 $435,021

Northern Downs property 
operating overheads

$252,700 $252,700 $252,700 $252,700 $252,700

Northern Downs property 
operating profit

$183,479 $221,843 $132,985 $178,804 $182,320

Alternative ways to mangage two properties
Table 2 summarises the profit expected to be 
generated by each combination of managing the 
two properties either run separately or as integrated 
enterprises with alternative ages of transfer of 
steers from the Northern Gulf breeding property 
to the Northern Downs breeding and growing 
property.  The alternative scenario of operating 
the Northern Downs property, as a steer turnover 
enterprise run separately from the Northern Gulf 
enterprise, is also included for comparison.

Table 2. Profit analysis of alternative ways to manage a 
Northern Downs property and a Northern Gulf property 
with the same ownership

When run as integrated entities, all steers were 
transferred from the Northern Gulf property to the 
Northern Downs property at the designated ages.  
The alternative scenario of operating the Northern 
Downs property as a steer turnover enterprise 
(cf. breeding and growing) was included for 
comparison.  ‘m’= months 

Parameter Operating profit
Northern 

Downs 
property

Northern 
Gulf 

property

Combined 
total 

Difference 
to base 

Separate breeding and growing entities $183,500 -$54,500 $128,900 base
Transfer weaners keep 24 m $221,800 -$93,800 $128,000 -$900
Transfer 18 m steers keep 12m $133,000 -$56,700 $76,300 -$52,600
Transfer 18 m steers keep 24m $178,800 -$56,700 $122,100 -$6,800
Transfer 30 m steers keep 12m $182,300 -$53,700 $128,600 -$300
Separate entities - Northern Gulf, breeding and 
growing optimised; Northern Downs, steer turn-
over 

$285,000 -$54,500 $230,500 $101,500
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At the long term average prices applied in this 
analysis, all strategies for operating the properties 
as an integrated breeding and growing operation, 
transferring steers from the Northern Gulf to the 
Northern Downs properties, reduced expected 
profit generated by operating the properties as 
separate entities ($230,500; i.e. operating profit 
reduced by $300-$52,600). In part due to the 
inherent poor profitability in the representative 
Northern Gulf property. It is likely that relative 
prices of all categories of livestock capable of 
being produced by beef properties in these regions 
will continue to move in parallel. The opportunity 
cost of transferring steers from the Northern 
Gulf property to the Northern Downs property is 
unlikely to change. 

Discussion 
The opportunity cost of transferring cattle at 
weaning from the Northern Gulf block to the 
Northern Downs block revealed that the optimum 
management of the two properties was as separate 
entities. Long term average beef prices show that 
it is difficult to maintain profitability on a breeder 
block in the Northern Gulf due to the inherent 
poor productivity of native pastures in the region 
(Rolfe et al., 2016) and land condition decline 
(Shaw et al., 2005). Developing the infrastructure 
and pastures on the Northern Gulf block to enable 
weaners to be retained to a live export steer sale 
weight was more profitable and drought resilient 
than transferring steers to the Northern Downs 
block (Bowen et al., 2019). Drought resilience 
improved as ‘dry’ cattle are easier to sell down in 
dry conditions than breeding animals. 

By comparison there was little impact on the 
profitability of the modelled Northern Downs 
block in terms of whether weaners were transferred 
(from the model Northern Gulf property) or 

purchased. To purchase weaners each year resulted 
in a greater cash outlay and therefore is inherently 
exposed to price volatility making the enterprise 
more risky - but more responsive to matching the 
stocking rate to the available pasture. Transferring 
weaners from the Northern Gulf block mitigates 
some of the price risk of the Northern Downs 
block run as a trading enterprise and ensures 
supply. The Northern Downs region of northern 
Australia is, by nature, exposed to extreme 
variability in rainfall. This exposes an integrated 
breeder block producing weaners in the Gulf to 
also be exposed to drought and lack of pasture on 
the Downs. There is an inevitable cash flow defecit 
associated with transferring the breeder property 
from a weaner sales operation to an older age of 
turnoff as weaners are held rather than sold. This is 
a potential barrier for many beef producers

In conclusion, there is merit in reducing breeder 
numbers even in regions where breeder efficiency 
is poor (49 – 65%), and holding steers until export 
steer liveweights or heavier. The reduction in the 
breeder herd numbers to accommodate weaner 
steers allows more total numbers to be carried 
at the same AE. In the majority of situations 
this would reduce drought risk and increase 
profitability. The Northern Downs property was 
best run as a separate trade steer block although, as 
with other strategies evaluated across Queensland 
and the Northern Territory, increased profitability 
is associated with increased complexity and risk 
(Bowen and Chudleigh 2020). Recent high beef 
prices, particularly for weaners present a unique 
opportunity to restructure northern beef herds for 
long term economic sustainability.
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Abstract
A pathway is described in developing and improving the pastures on family-owned sheep and beef 
properties at sites near Blayney in central NSW. Initially, the twin approach of sowing perennial grasses, 
predominantly phalaris (Phalaris aquatica) with subterranean clover (Trifolium subterraneum) plus the 
recommended addition of superphosphate fertiliser, was closely followed but within a decade ill-thrift in 
pastures and livestock occurred. Once the core problem of soil acidity was recognised, steps were taken 
to overcome this constraint with applications of lime. However, an additional modification involving 
the application of gypsum with lime had to be sorted out and applied. This approach is explained. 
While recent drought conditions on the Central Tablelands/Slopes have been a factor in reducing the 
productivity of district pastures, an important part of the problem is a consequence of many landowners 
not understanding the basic principles of plant and livestock nutrition, an unwillingness of some research/
advisory agronomists to recognise the expertise of successful producers, and the implementation of 
various farmer subsidy and support schemes that appear to reward dependent producers rather than 
encouraging independence.
Introduction
In 2017, Des Green’s life amongst grasslands was 
summarised (Green and Wolfe 2017) for the biennial 
conference of Grasslands Society of NSW, which is 
a premier organisation in Australia for the transfer 
of information and technology relevant to pasture, 
grazing and land management. The aims of the 
Grasslands Society are to advance the investigation 
of problems affecting grassland husbandry and to 
encourage the adoption of results of research and 
industry experience. Since its inception in 1985, 
membership has grown to a plateau of over 500 
members, most of whom are farmers and graziers. 
In this paper, we summarise the progress that the 
Green family has made as landowners, graziers, 
animal producers and merchants, discussing also 
the problems that they continue to face.  We reflect 
on how these problems, which range beyond their 
own properties and management systems to ‘over-
the-fence’ and district issues as well as industry, 
political and community issues, may be resolved.

Methods and Study Site
In a previous paper, the senior author recorded a 
history of his partnership with his wife Sally as a 
grazier and businessman (Green and Wolfe 2017). 

The properties they developed are located in the 
vicinity of Mandurama (750 m elevation, average 
annual rainfall 750-850 mm) on the western 
slopes of the Central Tablelands. The area is part 
of the ‘high-rainfall zone’ that extends along the 
tablelands and upper slopes of NSW, a zone that 
is too hilly and/or rocky for arable farming but 
it is ideally suited to ‘grazing’ (pasturing) sheep 
and cattle. In recent years, cattle production on 
the Central Tablelands has stabilised but sheep 
production declined during the two decades from 
1990, driven by livestock prices and the ease of 
looking after cattle (Behrendt and Eppleston 
2011).  On the family properties (beef-dominant), 
the sequence of development is described below 
and shown in Table 1. The lessons learnt in coping 
with soil constraints, the cost-price squeeze and 
climatic variability are described. Then follow a 
series of observations and approaches that have 
kept the family’s grazing and business interests 
profitable and fulfilling.

Results
Soil, grassland and livestock improvement

In 1968, Des Green married Sally (Crofts). Over 
the next decade, they developed and implemented 

mailto:des.sally@bigpond.com


658

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

plans based on building their assets, taking over 
“Rhondda Villa” from Des’s parents, fertilising 
with superphosphate and molybdenum to overcome 
soil fertility constraints, sowing improved pastures 
based on phalaris and subterranean clover, and 
refining a specific timetable for farming and 
grazing operations.  Des Green takes up the story:

“In the 1970s, the knowledge underpinning 
pasture ‘improvement’ with perennial grasses, 
subterranean clover and superphosphate was 
available from a range of sources, including 
the Department of Agriculture (DoA), leading 

farmers, soil-testing services, fertiliser companies 
and consultants. Discussions between farmers 
were encouraged by our local District Agronomist, 
Warren McDonald. For a number of troublesome 
issues, such as weed ingress (thistles, serrated 
tussock, blackberry control) and livestock health 
(bloat, pulpy kidney, trace element deficiencies 
and toxicities), work-arounds were available. For 
example, Barney Milne provided outstanding 
service as a DoA weeds officer, guiding our control 
of silver grass, serrated tussock and saffron 

Table 1: The history of the Green family, their 

properties and business activities at Mandurama

Period Participants Activities and issues
P r e -
1820

The Wiradjuri Aboriginal 
people were the original 
land managers 

The main activities were hunting and gathering. Fire (ranging 
from deliberate cool burns to accidental hot burns) and graz-
ing (kangaroos and wallabies) were the agencies that shaped the 
‘open woodland’ nature of the vegetation (Gammage 2011). 

1 8 2 0 -
1920

Various squatters, lessees 
and owners. Grazing.

Sheep and cattle were introduced and the landscape was progres-
sively cleared of unwanted timber and fenced. There were small 
areas of grain crops/potatoes.

1 9 2 2 -
1956

John and Annie Green.
Grazing, subsistence. 

John (grandfather of Des) acquired “Rhondda Villa” (202 ha) 
by ballot in 1922. The land comprised native grasslands and he 
cleared small areas for food and fodder crops. He survived the 
rabbit plague, the depression and droughts of the 1930’s, fenced 
the property, and negotiated a deal with a neighbour to access a 
permanent water supply to the eastern 140 ha. John ran mainly 
Romney Marsh sheep and a few cows. His wife Annie raised tur-
keys, milked cows for butter and cream which was sold along 
with preserved fruit off the farm. In the early 1950s, aerial agri-
culture aided grassland ‘improvement’ with subterranean clover 
and superphosphate.

1 9 5 6 -
1968

George and Jessie Green, 
Des Green.
Grazing, share farming.

George, a council worker, turned to share-farming/contracting in 
1944 and agreed to purchase the farm from John in 1956. Des 
left school in 1958, joining George and working towards a ‘free-
enterprise future’. He purchased his first Hereford cows in 1959, 
commencing a Hereford stud. During the next 10 years, Des ac-
quired wealth and assets by any legal means available, undertook 
a range of practical courses on topics that were relevant to young 
farmers, and travelled the world, visiting 27 countries by the time 
he was 21.

1 9 6 8 -
1974

Des & Sally Green.
Grazing, soil and pasture 
improvement.

Des married Sally Crofts and they drew up a carefully considered 
succession plan to take over progressively from George, who 
died soon after they were married. Using a network of successful 
farmers, advisors and mentors, the young Green’s implemented 
a plan of pasture improvement, involving fertilising all of the 
property towards an initial target of 1250 kg/ha (cumulative) of 
superphosphate (P, S, Mo), direct seeding of improved pastures 
(phalaris + subterranean clover) through modified drills, and de-
veloping a specific timetable for farming operations. By 1975, 
they had paid off “Rhondda Villa”, the death duties on George’s 
estate, and bought 160 ha.

1 9 7 4 -
1984

Des & Sally Green. 
Resolving challenges. 
Many discussions with 
DoA and private agrono-
mists, plant scientists, a 
soil chemist, NZ contacts 
and others.

We sought answers to a problem that occurred at an increasing 
frequency in well-fertilised paddocks. The problem (clover ill-
thrift) was soil-related and the apparent cause was soil acidity, 
particularly the toxicity of aluminium ions to pasture growth. By 
the early 1980’s, after many discussions (and arguments) in order 
to unravel the confusion of information available, Des had nut-
ted out a solution (liming – see text). Bought another 160 ha and 
leased some country to cope with clover ill-thrift and a drought.
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1 9 8 4 -
2008

Des & Sally Green.
Business analysis by Rob 
Eccles (work placement). 
Diversification with 
business partner Richard 
Bloomfield. Son Stuart 
Green returned from 
university to the grazing 
business and daughter 
Joanne and her husband 
Mark Richardson take 
over the running of the 
rural supply centre.

Rob Eccles helped Des reorganise the farm business by concen-
trating on the production enterprise, including the need to un-
derstand the soil cation balance, which a UK textbook recom-
mended should be 80% Ca and 10-15% Mg. Targets were set 
for soil P, pH and Al3+ and the liberal use of lime to correct soil 
acidity. Investigated and used industrial by-products as a source 
of lime (slurry) and gypsum (anhydrite, plaster board), mixed to-
gether 2:1 and allowed to react before application. With inputs 
from Rob Eccles, Des was encouraged to develop with Richard 
Bloomfield side-line businesses, contract seeding and supplying 
other farmers with lime-gypsum. He unsuccessfully tendered for 
the rights to use dried sewage sludge, then purchased a local farm 
supply business so that the family had a financial interest in every 
farm input. During 1989, Stuart returned to the property after his 
schooling, before undertaking commerce/law studies in 1990-94, 
marrying Gemma, and then returning fulltime to the family prop-
erties in 1997. Mark/Jo moved from Mudgee in 2001 to manage 
the rural merchandise business. 

2 0 0 8 -
2020

Des and Sally Green, 
Stuart & Gemma Green; 
Mark & Joanne Rich-
ardson. A consolidation 
phase.

The family entered a consolidation phase, which was motivated 
in part by the success of the earlier (1968) ‘succession plan’. The 
new plan included the second generation of Green’s. In 2009, 
Mark/Joanne purchased the rural merchandise business. After ac-
quiring and developing additional land towards a total of 2225 
ha, Stuart/Gemma now manage the majority of this land, with 
Des/Sally retaining the home block on “Rhondda Villa” and two 
200 ha blocks at Gallymont, E of Mandurama. When market con-
ditions allow, the family exercise short-term lease agreements 
with adjoining landholders. 

2 0 0 8 , 
2 0 1 5 , 
2020

Des and Sally Green.
Enjoying and giving 
back to grasslands.

Des & Sally attended the XXI International Grassland Congress 
in Hohhot, China; due to illness, missed the XXII IGC in Sydney 
in 2013; attended the XXIII IGC in India 2015; participating in 
the XXIV IGC, Kenya. 

The fu-
ture

The third generation? The Green family are discussing the possibilities for the next gen-
eration, who include teenagers rich in rural experience from each 
of the three Green sibling’s families (Alison Dowling who has 
remained outside of the current partnership arrangements, Mark/
Joanne Richardson and Stuart/Gemma Green).

thistle in the 1980’s. We soon learnt that the application of too much molybdenum (a needed trace 
element) could cause copper deficiency in sheep. 
However, the number one problem, clover ill-
thrift that is caused by an insidious soil pH decline 
following the introduction of superphosphate 
and subterranean clover (Donald and Williams 
1954), created disappointment and consternation 
amongst farmers. At the time (early 1980s), the 
DoA was delivering ‘mixed messages.’ I was 
frustrated and sought information from a range of 
sources including local farmers and agronomists, a 
NZ agronomist who practiced in the border region 
of NSW and Victoria, and business contacts in 
NZ where liming was a routine practice. New 
Zealand agriculture was more ‘switched on’ to 
the importance of ensuring pHCa remained above 
4.0-5.2. A strategy of substituting lime-super for 
superphosphate was initially put into place on 
“Rhondda Villa”, with immediate benefits. Not 
long after, a DoA soil scientist mentioned the use 
of gypsum to drive calcium deeper into the soil 
profile in the banana areas around Coffs Harbour 
and this was, to me, a ‘light bulb’ moment’. I 

enthusiastically set about sourcing lime and 
gypsum from industrial by-products such as lime 
slurry (50% moisture), which was produced from 
the process that removed excess ammonia through 
quicklime when producing ammonia gas for 
refrigeration, and gypsum anhydrite (a by-product 
from soap and detergent manufacture). When the 
source of gypsum anhydrite eventually closed 
because of new standards to limit the disposal of 
waste products, waste gyprock (a plaster board) 
became a new source of gypsum. On-farm, the 
technique was to mix the lime slurry with gypsum 
at a ratio of 2:1 and let the material react, dry and 
settle before spreading three tonnes of the reacted 
material per hectare, with a re-application every 
four years or more depending on the Ca levels in 
the cation exchange. The target was to increase 
soil Ca to 80%, increase the soil pHCa to 5.5, and 
reduce the proportion of aluminium ions in the 
root zone (toxic to root growth), from 60% of 
the cation exchange capacity to nearly zero. The 
response to lime + gypsum on the Green farms 
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was soon evident in these key soil parameters, 
followed by strong pasture growth and progressive 
increases in the productivity of the beef cattle and 
sheep that grazed the treated pastures. Selenium 
was also added following discussions with an 
innovative farmer, due to the evidence of white 
muscle disease in sheep and the incidence of still-
born calves on highly productive pastures.”

Discussion
The above pattern of progress has continued on 
the Green family farms and on the properties of 
farmers who have taken advice from Des Green. 
There are several specific issues that warrant 
further discussion:

Explaining and validating the theory and 
practice of ‘calcium at depth’.

The conventional wisdom is that, after liming, 
the carbonate effect is slow in moving down the 
soil profile and the calcium component moves 
even more slowly. However, Des was impressed 
with how quickly the lime + gypsum treatment 
transformed pasture growth and livestock 
production, and he had some evidence from soil 
testing that the mobility of calcium in the soil 
may be enhanced by the addition of gypsum. This 
mobility is supported by scientific work undertaken 
in the latter half of the 1980s and early 1990s by Drs 
TS Abbott and DC McKenzie of NSW Agriculture 
on lime + gypsum, as outlined in Abbott and 
McKenzie (1996). From the conclusions of Abbott 
& McKenzie, the most likely explanation for the 
excellent results from lime + gypsum obtained 
on the Green family properties is that these soils 
were in a favourable range of pHCa 4.8-6.0, a 
range where gypsum provides almost immediate 
benefits to soil structure, especially so in soils 
with sodicity in the profile. The lime produces a 
slow release source of electrolyte and calcium for 
long-term benefits to soil structure, in addition to 
improving soil nutrition as a result of increasing 
the pH towards a target of pHCa 5.5-6.0. According 
to Abbott and McKenzie (1996), if the soil pHCa is 
less than 4.8 it is better to use lime alone, which 
improves both structure and soil pH; if over pH 
6.0, lime is only very slowly soluble and some 
trace element deficiencies may be induced. Further 
scientific studies are warranted to confirm these 
predictions and monitor Ca2+ and CO3 mobility in 
tableland environments, where it is often stated by 
some advisers that “liming on top doesn’t work”. 
This belief must be questioned, because it seems 

to be constraining further progress in the adoption 
rate of lime, particularly on the tablelands.

Maintaining the right species in the farm 
landscape. Des and Stuart maintain that their 
greatest ally in the continual war on weeds on 
their properties has been phalaris, a drought-
tolerant perennial grass that, once well-established 
with a suitable legume companion (usually 
subterranean clover), is an aggressive competitor 
with weeds, the seeds of which blow in from 
surrounding properties, or are introduced by 
vehicles, livestock and birds. These weeds include 
black thistle (Cirsium vulgare), Bathurst burr 
(Xanthium spinosum), serrated tussock (Nassella 
trichotoma), blackberry (Rubus fruticosus), blue 
heliotrope (Heliotropium amplexicaule) and 
yellow vine weed (Tribulus terrestris). Des and 
Stuart avoid overstocking, ploughing, clearing 
and other practices that ‘create a vacant space’ for 
weeds to fill. Each quarter, they vigilantly inspect 
every paddock by motorbike to sight, remove and 
spot-spray perennial weeds (serrated tussock, 
blackberry) in pastures and mistletoe on eucalyptus 
trees. For blackberry and serrated tussock, Des 
adheres to the recommendations for the use of 
metsulfuron (‘Brush-off’). However, he has 
another theory that needs, like the gypsum theory 
above, to be tested by science and commercialised 
before it can be generally recommended. This 
theory is a discovery he has made on herbicide 
synergy, involving the use of a double-action 
approach to spraying blackberry, serrated tussock 
and mistletoe. This approach is more effective 
than the use of metsulfuron alone. Des has a 
current agreement with an agricultural innovation 
company to test his theories on herbicide synergy 
and register novel approaches with the appropriate 
weed authorities.

Complementary side-line businesses. During the 
development of the Green properties, the family 
have created enterprise diversity by setting up a 
range of side-line businesses to take control of farm 
inputs and generate cash for further development. 
One of the Green’s first business partners was 
Richard Bloomfield, who joined them to focus 
initially on contract direct-drilling of pasture seed, 
extending later to advisory and supply services 
embracing pasture establishment, soil testing to 
define the need for applications of superphosphate 
to correct deficiencies of soil P, S and Mo, and 
contract spreading of lime + gypsum to overcome 
the pH decline effects that are evident on many 
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farms. In 1992, Des/Sally bought the Mandurama 
Auto Port, which has an excellent location on 
the Mid-Western Highway, an interstate highway 
that passes through central and southern NSW. 
This purchase lessened their dependence on the 
production side of agriculture, and it also provided 
a means by which they could capture and sell their 
expertise as a successful farming family. Des and 
Richard Bloomfield made this expertise available 
to a loyal group of clients, stimulating fertiliser and 
seed sales. The Green’s also supplied a full range 
of rural merchandise such as pasture seed, legume 
inoculum, fertilisers, agricultural chemicals, wire, 
steel, silos, sheds, fuel, lubricants, equipment, 
contract spreading and hire of specialised seed 
drills – in short, all the products that are supplied 
through the Ruralco group, of which they are a 
member. In 2003, the partnership purchased the 
Blayney Tyre Service and joined the Tyrepower 
buying group; the tyre business was sold in in 
2007 but the building was retained. Earlier, Des 
and Sally were joined by son Stuart Green in 1995 
to run the family grazing business. Then, with 
Richard Bloomfield’s retirement in 2001, daughter 
Joanne moved to Mandurama with her husband 
Mark Richardson to assist with and then purchase 
(2009) the operations at Green’s Mandurama 
Rural Service Centre. In summary, the Green 
family members actively work with fellow farmers 
and business people who have an opinion but are 
willing to change. ‘Good luck in farming starts 
with landowners getting up early and working 
hard until late’ is a credo that has served the family 
well. They avoid the ‘single solution syndrome’ 
and seek a set of integrated tactics to initiate and 
sustain change within agricultural enterprises. The 
family are strong believers in the free-enterprise 

system. Banks will lend money to farmers who go 
to them with a value proposition. 

The role of Government. While the farm 
environment is a challenging one, and climate 
change appears to be increasing business risk, the 
Green family seeks little help from government 
other than maintaining the free enterprise 
platform. The family believes that agricultural 
production systems and the markets for land and 
livestock will sort themselves out efficiently with 
a minimum of intervention from government. 
They recognise the role of government in basic 
services (market reports, meteorological services), 
supporting targeted agricultural R&D, ensuring 
that professional graziers maintain their right to 
operate amongst small-scale landholders, resisting 
the politicisation of the public service, favouring 
independent producers, and offering assistance 
to farm families only in extreme conditions (fire, 
flood and long-term drought).

Conclusions 
Currently, the Green farms support two beef-
breeding herds and one sheep flock on their 2225 
ha, plus a year-round opportunistic buy-fatten-sell 
operation. Each year, their target return on assets 
managed is 7% and their farms are continuing to 
appreciate in value. Members of the Green family 
are proud of and grateful for the agricultural, 
environmental and personal successes they have 
achieved. With their staff and business partners, 
they look forward to the future with confidence 
and happiness, intending to smooth the pathway 
for younger family members, male and female, 
into their businesses.
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Abstract
Sahiwal genetic resources is an integral part of the ASALs economy of Kenya. Sahiwal is the largest 
single dual purpose cattle breed kept by the pastoral communities in the ASALs where livestock products 
are the main drivers of food and nutrition security, and a source of income to support other household 
obligations. It was introduced in Kenya to upgrade the low performing small east African Zebu because 
of its superior productive and reproductive performance. The promising results of this upgrading 
programme led to the breed gaining preference over the local Zebu among the Maasai pastoralists. 
Despite the impressive results from this breed and subsequent high demand for milk and beef due to 
increase in population, supply of superior bulls and cows from the nucleus herd to the commercial herds 
remain low. It is likely that the problem will continue and perhaps in future the numbers of Sahiwal 
population may reduce unless appropriate measures are put in place. Pastoralists and other stakeholders 
such as policy makers need technical guidance to identify the most seemly approaches to ensure long 
term breed multiplication and conservation as well as optimal utilisation in ASALs. This study looks at 
the underlying challenges and opportunities that are there to exploit advantages of the breed. Gaps in 
knowledge and supportive logistics for low input production system for the breed are also discussed as 
well as implications of Sahiwal cattle and practices and technologies for pastoral-based systems.

Introduction
The Sahiwal cattle is the largest single dual purpose 
breed in Kenya that was introduced was introduced 
in 1930s and 1940s from India and Pakistan (Meyn 
and Wilkins 1974; Muhuyi et al., 1999). It is 
preferred to other breeds by pastoralists in Kajiado, 
Narok and Transmara counties among other parts 
of Kenya due to its high milk production, growth 
performance, good reproductive ability (Ilatsia 
et al., 2007; Ilatsia et al., 2011a) and its adaptive 
characteristics to low-input production systems 
(Roessler et al., 2010; Ilatsia et al., 2011b).  The 
National Sahiwal Stud (NSS) at Naivasha, Kenya, 
is the main breeding station where the Sahiwal 
population is bred under a closed nucleus. The 
mandate of the NSS is to breed Sahiwal cattle that 
are suitable for pure breeding due to its adaptive 
characteristics to low-input production systems 
(Ilatsia et al., 2011a). The breed is also utilized 
for crossbreeding with Small Eat African Zebu in 
a low input-output production system (Roessler 
et al., 2010). Sahiwals have been crossed with 
exotic Bos taurus breeds that have a high response 
capability for milk and beef production (Kahi et 
al., 2004). At the nucleus, intense pedigree and 

performance recording is done as well as genetic 
evaluation to determine ideal candidates (Muhuyi 
et al., 1999; Ilatsia et al., 2007). Genetic gain 
generated in the nucleus is disseminated to the 
commercial population (mainly the pastoralists) 
through breeding males, semen and replacement 
heifers. Currently there are at least 18 ranch herds 
that host approximately 7 000 pure-bred Sahiwal 
cattle with about 1 500 breeding cows (KARI 
2004; Ilatsia et al., 2011b). In this regard, this 
review looks at the underlying challenges and 
opportunities that are there to exploit advantages 
of the breed. Knowledge and supportive logistics 
for the breed are discussed as well as implications 
of Sahiwal cattle and practices and technologies 
for pastoral-based systems.

Current Benefits of keeping Sahiwal breed in 
Pastoral Areas

In Kenya, livestock is a fundamental asset for rural 
people especially in rangelands providing economic, 
social and risk management functions (Ilatsia et 
al., 2011a). These rangelands are characterized 
with extreme erratic rainfall pattern and extended 
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days of high temperatures and covers around 80% 
of the country (Jones and Thornton 2009). This 
exacerbates the vulnerability of cropping systems 
and leaves adaptable livestock species such as 
Sahiwal cattle as the most appropriate enterprise in 
those areas. Since Sahiwal is a dual-purpose breed 
(provides both meat and milk), this puts it as the 
best alternative in rangelands over other livestock 
species. Additionally, their ability to utilize low 
quality and feed resources to more than one 
product while growing very fast leaves them as 
the most appropriate livestock species in ASALs.

Environmental impacts of Sahiwal Cattle breed

One way of reducing the negative impacts of 
livestock contribution to environmental health, 
in the phase of climate change is by enhancing 
the production efficiency of the animals. This 
can be achieved through production of multi-
purpose animals and directly selecting animals 
for increased efficiency and robustness under 
prevailing and future anticipated climate scenarios 
as for the Sahiwal cattle. Sahiwal cattle are dual 
purpose which has a net effect of reduced stocking 
rates since fewer animals are needed relative 
to specific breeds for either milk or beef under 
the ASAL ecosystem. This reduces amount of 
methane gas produced which is a greenhouse gas. 
However, Sahiwal cattle are ruminants and they 
release methane gas from enteric fermentation and 
manure which contributes to greenhouse gases 
(GHGs). As the population grows and people 
become wealthier, the population will constantly 
demand higher levels of animal products. This 
means that demand for dual purpose breeds such 
as Sahiwal number will be on increase to meet 
the demand for the increasing population. This 
is coming with a cost to the environment due to 
greenhouse gases emissions.

Challenges Facing the Breed

The genetic base of the Sahiwal cattle population 
has drastically narrowed down, a scenario that 
would frustrate subsequent breed improvement 
efforts (Mwangi et al., 2020). The Sahiwal 
cattle breed in Kenya have been reported to 
have a decreasing effective population size and 
increasing levels of inbreeding (Kamiti, et al., 
2016; Mwangi et al., 2016) which imply low 
genetic variability. This has raised concern over 
the long-term sustainability of the breed as well 
as current breeding strategies. The reduced genetic 
variability is attributed to increase in average 

relatedness, narrow genetic base and ineffective 
procedures for genetic evaluation for the 
population (Mwangi et al., 2018). These factors 
necessitate strategic breeding and conservation 
interventions for sustainable use of the breed. 
Deliberate interventions are therefore required to 
actively engage international partners with other 
isolated Sahiwal gene pools for re-introgression 
into our populations. 

Additionally, since the introduction of Sahiwal 
Cattle breed in Kenya, there has been indiscriminate 
crossbreeding with the Small East African Zebu 
(SEAZ). SEAZ is more tolerant to heat stress 
and diseases as compared to Sahiwal cattle breed 
although they performance poorly in reproductive 
and performance traits. SEAZ cattle breed is 
therefore most important in the wake of adverse 
climate change and indiscriminate crossbreeding 
is a threat to it.

Opportunities
Breeding Sahiwal for Climate change and 
reduction of Greenhouse Gases

It is projected that livestock in semiarid rangelands 
will expand at the expense of humid and 
temperate/tropical highlands systems. Hence the 
number of ruminants in rangelands will escalate 
provided there will be sufficient rainfall to support 
growth of vegetation (Seo and Mendelsohn 2008). 
Therefore, cropping will be replaced by livestock 
keeping in today’s marginal mixed crop-livestock 
systems since crops will become ecologically and 
socially more marginal in those areas (Jones and 
Thornton 2009; Hoffmann 2010). The outcomes 
of these studies denote that breeds that are more 
adapted to pastoral systems will be considered. 
This implication will lead to high demand for 
Sahiwal Cattle breed that is well adapted for 
rangelands. Therefore, the breeding programme 
should be adjusted to ensure that it will be able to 
meet these demands in the future.

Livestock sector contribute 25% to GHG emissions 
(FAO 2006). Reducing livestock numbers and 
increasing individual animal resource may 
be primarily used to reduce CH4 excretion in 
ruminants. Milk protein can be produced with 
less CH4 emission than beef (Williams et al., 
2006); CH4 emission per kg of milk declines 
as production increases, but with a diminishing 
rate. Dual-purpose breeds will gain importance 
since fewer dual-purpose animals are needed in 
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comparison to specific breeds for either milk or 
beef (Flachowsky and Brade 2007). Therefore this 
will mean less emission of methane due to fewer 
animals kept. This indicates that Sahiwal Cattle 
breed which is a dual-purpose breed is a more 
suitable breed in semi-arid areas as it may lead to 
fewer animals kept due to its provision of both milk 
and meat. Besides, as a result of climate change 
mitigation strategies together with ever increasing 
demand for food, this will have impact on breed 
and species utilization, driving a shift towards 
dual-purpose breeds that are efficient converters of 
feed into meat and milk (FAO 2006). 

Future considerations and support for an 
effective Sahiwal cattle breeding programme

Improved genetic potential, increased feed quality 
and waste management especially manure will 
decrease emissions from cattle extensive systems 
(Hoffmann 2010). In addition, further selection for 
breeds for effective thermoregulatory control will 
be also appropriate. This calls for the inclusion 
of traits associated with thermal tolerance in 
breeding programmes for Sahiwal breed and 
more consideration of genotype-by-environment 
interactions to identify animals that are most well-
adapted to arid conditions. Therefore, the problems 
related to measuring the phenotypes relevant to 
adaptation in the current breeding programme of 
Sahiwal in Kenya must be overcome. 

In the ASALs, cattle improvement programs place 
minimal emphasis on access to affordable quality 
breeding stock that are fit for the environment. 
There is need for advancements in genomics and 
ICT to enable generating genomic relationship and 
capture data of communities’ herds. Scaling up 
of digital information and genomic technologies 
application would hasten capturing animals’ 
data at herd levels and use it to identify the best 
performing Sahiwal animals in the ASALs. More 
resources are required to upgrade use of emerging 
reproductive technology to deliver quality 
genetics to producers through structured channels 
to sustainably and systematically improve milk 

production, resilience and fertility. In order to 
tap on the expected increase in beef production 
from Sahiwal genetic resources, a body should be 
created mandated to champion, regulate, develop 
and promote fully operational and sustainable beef 
industry in ASALs.

In recent years, county and national governments 
have taken some encouraging initiatives to facilitate 
and promote livestock trade and production in 
ASALs. This has led to setting up of bilateral or 
multilateral programs focusing specifically on 
pastoral livestock development (Aklilu 2008). 
This has resulted to a number of policies and 
bills concerning livestock sector development in 
ASALS incorporating production and marketing 
(Aklilu 2008; Notenbaert et al., 2012). These 
policy initiatives are targeted to promote livestock 
development and hasten economic growth policy 
frameworks. However, government should enforce 
the already existing policies on institutionalization 
of livestock off-take, private investment and access 
to financial services as key instrument in driving 
cattle production pastoral areas.

Conclusions 
The potential for genetic improvement and 
conservation of Sahiwal genetic resources in 
Kenya exists given their economic contribution 
to people’s livelihoods, and the active role played 
by both private and government stakeholders 
in initiatives in this regard. Sahiwal cattle breed 
is kept for concrete benefits as they have high 
production potential compared to native Zebu 
cattle breeds. Breeding objectives have been 
refined to avail highly productive, resilient and 
profitable Sahiwal genetic resources for use by 
pastoralists in ASALs. Consequently pastoralists 
utilize productive and resilient Sahiwal genetics 
thus optimizing economic and environmental 
benefits.
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Abstract
Fodder beet (Beta vulgaris L.) is a high yielding and high energy supplementary ruminant feed. Including 
the crop in a pasture system means loss in production and additional costs during crop establishment, but 
economic benefits may be recovered with increased seasonal productivity and feed quality. In this study, 
the Agricultural Production Systems sIMulator was used to estimate herbage production of a typical 
dairy farm in the Canterbury region of New Zealand based on using a ryegrass (Lolium perenne L.)-clover 
(Trifolium repens L.) pasture (“Pasture only”) or pasture in combination with fodder beet as winter feed 
(“Pasture+Fodder beet (FB)”). Mean yields of pasture were used to estimate the potential pasture yield 
lost from spraying out paddocks 1 month before establishing fodder beet. Fodder beet (‘Rivage’) yields 
from a 2014 sowing date trial: 19 September (Sep-FB), 17 October (Oct-FB), 17 November (Nov-FB), 
and 15 December (Dec-FB) were used. Dry matter (DM) yield was determined on 15 June 2015. Yield 
was 27 t DM/ha for both Sep-FB and Oct-FB and was reduced by 23 and 32% in Nov-FB and Dec-FB, 
respectively. The total annual yield for “Pasture only” was 16.7 t DM/ha compared with adjusted yield 
of 29.5, 30.2, 25.7 and 24.9 t DM/ha for “Pasture+Sep-FB”, “Pasture+Oct-FB”, “Pasture+Nov-FB” 
and “Pasture+Dec-FB”, respectively. Production cost was NZ$0.08/kg DM each for “Pasture+Sep-FB” 
and “Pasture+Oct-FB”, which was lower than NZ$0.09/kg DM for “Pasture only”. Production costs 
increased to NZ$0.11/kg DM for “Pasture+Nov-FB” and NZ$0.12/kg DM for “Pasture+Dec-FB”, but 
revenue from sale of surplus feed partially offset these costs. Our results show that sowing in October 
was the most profitable option. Yield gains from sowing fodder beet in September are unlikely because 
of low temperatures limiting crop growth. Delaying sowing can increase production costs and yield 
penalty, but potential returns are greater, compared with “Pasture only”. 

Introduction 
In New Zealand, fodder beet (Beta vulgaris L.) 
production for supplementing ruminant stock 
increased rapidly in the 2000s. This was driven by 
the crop’s high dry matter (DM) production (≥20 
t DM/ha) and energy value (metabolisable energy 
≥12 MJ/kg DM) (Matthew et al., 2011; Gibbs 
2014). Fodder beet also requires less nitrogen 
(N) for production than alternative winter feed 
crops such as forage brassicas (Chakwizira et al., 
2014, 2015). Therefore, incorporating fodder beet 
in a pasture renewal system provides the option 
to produce low-cost and high-quality feed with 
high N use efficiency. This appeals to farmers 
who are challenged to increase production, while 
reducing N lost from the paddock and whole-farm 
levels. Options for maximising DM production 
and minimising input costs while providing best 
environmental outcomes need to be understood.   

Sowing date is one of the most important 
management factors affecting yield of fodder 
beet (Martin 1983; Khaembah et al., 2019). In 
New Zealand, the crop is commonly sown in 
October and grazed in June, although commercial 
seed companies recommend sowing any time 
between September and November (Specialty 
Seeds NZ 2019). Yield is strongly dependent on 
solar radiation intercepted over the growth of the 
crop. Therefore, early sowing to closely match leaf 
canopy development with seasonal radiation can 
help maximise fodder beet yield. However, yield 
benefits from early sowing can be hindered by low 
spring temperatures (Khaembah et al., 2019). In a 
dairy system, early sowing of fodder beet requires 
paddocks to be sprayed out of pasture at least a 
month before the crop is sown, reducing pasture 
production. On the other hand, sowing fodder 
beet late extends the growth season of pasture, but 

mailto:edith.khaembah@plantandfood.co.nz


669

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

shortens the growth period and reduces DM yield of 
fodder beet (Martin 1983; Khaembah et al., 2019). 
The trade-offs in biomass production associated 
with different spring sowing dates of fodder beet 
indicate that the timing of pasture and fodder beet 
growth can have economic implications for a dairy 
farm system. 

The objective of this study was to estimate feed 
production and the economic outcomes associated 
with different sowing dates for fodder beet as part 
of a pasture renewal system for a typical dairy 
farm in the Canterbury region of New Zealand. 

Materials and Methods
Whole-farm DM production and gross margins 
were based on continuous pasture comprising 
perennial ryegrass (Lolium perenne L.) and white 
clover (Trifolium repens L.) mix or in rotation 
with fodder beet for a farm in Canterbury, New 
Zealand. Dry matter production was estimated by 
the Agricultural Production Systems sIMulator 
(APSIM) model (Holzworth et al., 2018). Pasture 
estimates were verified using historical yields 
for the region (DairyNZ 2018). Measured fodder 
beet yields, also well-predicted by APSIM, were 
used (Khaembah et al., 2017, 2019). Pasture was 
sown on 19 August 2004 and was managed as a 
grazed crop. The crop was carried through to 15 
June 2015 (“Pasture only”) or ended a month 
before the sowing of fodder beet (“Pasture+fodder 
beet”). Monthly yields averaged over 2004–2014 
were used to estimate the pasture DM forfeited for 
the month preceding fodder beet sowing. Fodder 
beet (‘Rivage’) was sown on four different dates 
in 2014: 19 September (Sep-FB), 17 October (Oct-
FB), 17 November (Nov-FB) and 15 December 
(Dec-FB) and DM production was determined on 
15 June 2015 (Khaembah et al., 2019). Treatments 
were allocated to separate paddocks, and therefore 
production and economic comparisons made 
among those separate paddocks. Whole-season 
feed surplus and deficit for each feed combination 
were calculated based on the DairyNZ Facts and 
Figures guidelines (DairyNZ 2012). The total 
annual feed deficit or surplus was estimated based 
on an annual feed requirement (including winter 

feed) of 19.6 t DM/ha (11.0 MJ ME/kg DM) for a 
typical Canterbury dairy system (Jersey x Friesian 
crossbreed cows, stocking rate = 3.5 cows/ha, milk 
production = 450 milksolids/cow/yr) (DairyNZ 
2012). The “Pasture+fodder beet” DM were 
energy-corrected to 11.0 MJ ME/kg DM for all 
feed combinations using the procedure outlined in 
DairyNZ Facts and Figures (DairyNZ 2012). An 
energy value of 12.5 MJ ME/kg DM for fodder 
beet reported by Chakwizira et al (2014) was used 
in the conversion. 

Gross margins were calculated as revenue minus 
expenses. A price of NZ$0.25/kg DM was used 
to estimate revenue associated with sale of 
surplus feed or expenses incurred from purchase 
of supplementary feed. Production costs used in 
calculations were NZ$0.09/kg DM (DairyNZ 
2016) for pasture and NZ$2,400/ha for fodder 
beet.

Results
Fodder beet sown in September and October 
did not differ in yield, but sowing in November 
and December reduced yield by 23 and 32%, 
respectively (Table 1). Irrespective of the sowing 
date of fodder beet, DM yield was greater for 
combined “Pasture+fodder beet” compared with 
“Pasture only” and exceeded the 19.6 t DM/
ha requirement for a typical Canterbury dairy 
farm (Table 1). “Pasture only” production was 
insufficient to meet the annual feed requirement, 
and 2.9 t DM/ha of imported feed was required 
(Table 1). The “Pasture+Oct-FB” combination, 
which is the current industry standard, produced 
3–21% more annual DM than the rest of the 
“Pasture+fodder beet” combinations. The 
cost of production for “Pasture+Sep-FB” and 
“Pasture+Oct-FB” was NZ$0.08/kg DM and 
increased to NZ$0.11 and NZ$0.12/kg DM 
for “Pasture +Nov-FB” and “Pasture+Dec-FB, 
respectively. Overall, the margins were greater 
from “Pasture +fodder beet” combinations than 
“Pasture only”, with “Pasture+Oct-FB” giving the 
highest returns (Table 1).
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Table 1: Annual dry matter (DM) production of a pasture only or pasture in combination with fodder 
beet (FB) crops drilled on four different sowing dates, associated costs production and gross margins 
for a typical dairy farm in Canterbury, New Zealand.  Sep-FB, Oct-FB, Nov-FB and Dec-FB represent 
fodder beet crops sown in September, October, November and December, respectively.

Parameter
Feed combination

Pasture only Pasture+Sep-
FB

Pasture+Oct-
FB

Pasture+Nov-
FB

Pasture+Dec-
FB

Pasture yield 

(t DM/ha)
16.7 0.8 1.7 3.6 5.4

Fodder beet yield 

(t DM/ha)
- 27.1 26.9 20.8 18.4

Energy-corrected total 
yield ( t DM/ha) 16.7 29.5 30.2 25.7 24.9

Surplus (t DM/ha) - 9.9 10.6 6.1 5.3
Deficit  (t DM/ha) 2.9 - - - -
Production cost 

(NZ$)
1,503 2,470 2,554 2,726 2,888

Imported feed cost 

(NZ$)
725 - - - -

Revenue (NZ$/ha) -
Margin (NZ$/ha) –2,228 6 103 –1,208 –1,556

Discussion
The aim of study was to evaluate the effect of 
fodder beet sowing date on DM production and the 
subsequent impact on the feed supply of a typical 
Canterbury dairy system using fodder beet as part 
of a pasture renewal process. Results indicate that 
growing fodder beet improved the feed supply 
of the farm with potential surplus feed from all 
“Pasture+fodder beet” combinations.  

Sowing fodder beet in September did not result in 
DM gains compared with the traditional sowing 
date of October because low temperatures slowed 
germination and growth as detailed by Khaembah 
et al., (2019). Thus, Sep-FB production did not 
add to the annual system yield potential compared 
with the Oct-FB treatment. Therefore, under the 
conditions of this study, it would be more beneficial 
for a farmer to extend the pasture growth season 
and sow fodder beet in October. 

Late sowing in November and December 
reduced fodder beet yield, and additional pasture 
production prior to the sowing of fodder beet did 
not compensate for the yield loss. Therefore, there 
was an overall net reduction in yield for these 

treatments. Despite these disadvantages, per ha DM 
production of these late-sown fodder beet crops in 
combination with pasture yields were in excess of 
27–31% of the base feed requirement (i.e. 19.6 t 
DM/ha). Based on these findings, sowing fodder 
beet even as late as mid-December would be more 
cost-effective than importing supplementary feed 
under the “Pasture only” system. It is important 
to note that yields reported here were from fully 
irrigated crops. Thus, the decision to sow late will 
be influenced by the availability of adequate soil 
moisture to support crop growth. Without sufficient 
rainfall, sowing late under dryland conditions 
could represent a significant risk of low yields or 
even crop failure. For those farmers who routinely 
use irrigation as part of their crop management, 
water restrictions could affect yield especially in 
late sown fodder beet crops. 

Sowing fodder beet and delaying the time of 
sowing of the crop increased the cost of production, 
raising the question of whether or not these costs 
are more than compensated for by increased DM 
production. Gross margin analysis indicated that 
the cost of operating a “Pasture only” system and 
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importing supplementary feed to cover the deficit 
was greater than any of the “Pasture+fodder beet” 
systems. When calculating margins, however, 
“Pasture only” and “Pasture+fodder beet” 
combinations were assumed to be separate entities 
(treatments allocated to individual paddocks). It 
is therefore expected that results will be different 
if margins were based on fodder beet crops being 
sown in only a proportion of the farm.  

Conclusions
This study shows that growing fodder beet can 
increase the amount of home-grown feed supply 
for Canterbury dairy farm systems. Dry matter 
production of fodder beet was affected by sowing 
date. Farmers would benefit from extra pasture 
grazing event(s) instead of sowing fodder beet 
in September because of the restriction of crop 

growth by low early-spring temperatures. This 
outcome needs to be considered with caution, as 
the study was conducted in one location within 
the Canterbury region and for only one season. 
Yield penalties and increased production costs 
are expected with delayed sowing of fodder beet. 
However, results indicate that DM production 
from delayed sowing even as late as December can 
partially offset these costs. Sowing fodder beet in 
October was the best option because it resulted in 
the greatest production gains and highest returns. 
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Abstract
In Burkina Faso the history using of cattle as draft power for cultivation is not long. This study was 
conducted to investigate the farm management, focusing on the regional difference and the presence of 
cattle farming in the country. Interview was carried out on 30 farms from B Province in the Centre-West 
Region consisting of 8 non-cattle owners (BNs) and 22 cattle owners (BCs), and on 9 farms of cattle 
owners from H Province in the Haut-Bassins Region (HCs) in November 2013. The average household 
sizes of BNs, BCs and HCs were 16.5, 27.2 and 31.3, respectively. The ratios of BNs, BCs and HCs 
having income sources from livestock farming equivalent to or more than crop farming were 25, 50 and 
67%, respectively. The average cattle number of BCs was 8.6 and that of HCs was 50.8. The average 
planted areas of BNs, BCs and HCs were 4.9, 12.0 and 7.0 ha, respectively. The BCs and BNs had large 
planted area of millet, rice, sorghum and peanut, on the other hand, planted area of maize, sesame seed, 
cotton and vegetables was large in HCs. The gross income from the crop farming of BNs and BCs were 
95,000 and 114,000 FCFA/year, respectively, which were higher than that of HCs: 59,000 FCFA/year. 
The gross income and profit from cattle farming of HCs were twice and thrice as high as those of BCs, 
respectively. The ratio of the gross income from cattle farming to that from total farming of BCs and 
HCs were high, 72 and 80%, respectively. The results suggested that cattle farming contributed to the 
profit of farmers in B Province, who had a low profit margin of the crop and vegetable farming due to 
the constraints of soil condition and climate results from the limit of precipitation. 

Introduction
In Burkina Faso, an interior country of Western 
Africa, about 80 percent of population mainly 
engages in agro-pastoral, the country’s primary 
industry. Therefore, as a driver of economic 
growth, the agricultural promotion has become 
the priority policy of the country (JIRCAS 2015). 
The history using of cattle as draft power for 
cultivation is not long in the country (Goe 1990). 
This study was conducted to investigate the farm 
management, focusing on the regional difference 
and the presence of cattle farming in the country. 

Materials and Methods 
Surveys were conducted in the B Province of 
Centre-West Region and H Province of Haut-
Bassins Region of Burkina Faso in November 
2013. The B Province is located in Sudan savanna 
climatic zone and the annual precipitation in the 
area around 800 mm, and the H Province is located 
in Guinea savanna climatic zone and the annual 

precipitation in the area around 1,200 mm (World 
Meteorological Information 2020). Interview was 
carried out on 30 farms from B Province consisting 
of 8 non-cattle owners (BNs) and 22 cattle 
owners (BCs), and on 9 farms of cattle owners 
from H Province (HCs) using a questionnaire 
on a household size, major income sources, a 
farm management type, employment of labour, 
numbers of animals born, owned, purchased and 
sold, planted area (ha), crop production (ton/year), 
crop yield (ton/ha/year), and selling prices of 
animals, animal products and crops. The incomes 
from selling animals, animal products, crops and 
vegetables were calculated by the selling prices 
and number of animals or amount of the products 
sold. The expenditures for livestock farming were 
calculated by the buying prices of animals and 
feeds, numbers of animals and amount of feeds 
purchased. The profits from livestock farming 
were calculated by subtracting the expenditures 
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for livestock farming from the incomes of selling 
animals and animal products. The profits from 
total farming were calculated by subtracting the 
expenditures for animal farming and the labour 
costs from total selling incomes. The results were 
analyzed using  GLM procedure of Statistical 
Analysis System (SAS 1998). The mathematical 
model was Yij = μ + Fi + Eij, whereμ = the overall 
mean, Fi = farm type (BCs, BNs and HCs), Eij =  
the residual error. 

Results

Household sizes, major income sources, farm 
management and employment of labour
The average household sizes of BNs, BCs and 
HCs were 16.5, 27.2 and 31.3, respectively (Table 
1). The ratios of BNs, BCs and HCs having 
income sources from livestock farming equivalent 
to or more than crop farming were 25, 50 and 
67%, respectively. Although no farm managed for 
subsistence only but for cash to a greater or lesser 
extent, fully commercial farms accounted for 13, 
27 and 44% in BNs, BCs and HCs, respectively.  
Eighty-nine percent of HCs employed labour, but 
labour employing farms accounted for 23% in 
BNs and 25% in BCs. 

Table 1: Household sizes, major income sources, farm management types end employment of labour in three 
types of farms in Burkina Faso

F a r m 
types

No. of 
farms

H o u s e -
hold sizes

Major income sources1 Farm management1 Employment of la-
bour1

Livestock Crop Livestock 
and crop

Commercial S e m i -
c o m -
mercial

Yes No

BNs 8 16.5 1(13) 6(75) 1(13) 1(13) 7(88) 2(25) 6(75)

BCs 22 27.2 8(36) 11(50) 3(14) 6(27) 16(73) 5(23) 17(77)

HCs 9 31.3 6(67) 3(33) 0(0) 4(44) 5(56) 8(89) 1(11)
1Numbers of farms (% in total farms). BNs, farms of non-cattle owners from B Province in the Centre-West 
Region; BCs, farms of cattle owners from B Province in the Centre-West Region; HCs, farms of cattle owners 
from H Province in the Haut-Bassins Region. 

Numbers of animals, planted areas, crop production and crop yields

The average numbers of animals are presented in 
Table 2. The HCs owned large number of cattle 
than the BCs (males: 19.0 vs. 4.8, females: 31.8 vs. 
3.8, p < 0.05). The BCs and HCs had numerically 
more female sheep and goats than BNs. Table 3 
shows average planted areas (ha), crop production 
(ton/year) and crop yields (ton/ha/year). The 
average planted areas of millet and sorghum in 
BCs were larger than those in HCs, and the planted 
areas of maize and vegetables in HCs were largest 

among the farm types (p < 0.05). The total planted 
area of BCs was larger than that of BNs (p < 0.05). 
Average production of maize was higher in HCs 
than those in BNs and BCs (6.89 vs. 0.55 and 1.05, 
p < 0.05), and those of sorghum was higher in BCs 
than those in BNs (2.19 vs. 0.65, p < 0.05). The 
HCs had the highest maize and sorghum yields 
among the farm types showing 1.81 vs. 0.99 and 
0.92, and 1.41 vs. 0.47 and 0.60 for HCs, BNs and 
BCs, respectively (p < 0.05).  
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Table 2: Average number of animals in three types of farms in Burkina Faso
F a r m 
types

Cattle Sheep Goats Pigs Horses Donkeys Chickens Ducks G u i n e a 
fowls1

Males
BNs -   2.6 2.5  0.3  0.0  0.9   5.9  0.0 16.6ab

BCs   4.8a 2.5   4.9  0.9  0.1  1.2 19.2  0.1 33.5b

HCs 19.0b   2.0   3.2  0.0  0.0  1.0   6.6  0.1   6.7a

Females
BNs    -   5.9   5.8  0.9  0.0  0.3 19.9  0.0
BCs   3.8a 10.1 13.6  1.3  0.1  1.1 55.1  0.6
HCs 31.8b 12.6 10.1  0.0  0.0  1.1 36.3  0.8
1Sexuality was not identified. abMeans in a column with different superscripts significantly differ (p < 0.05). 
BNs, farms of non-cattle owners from B Province in the Centre-West Region; BCs, farms of cattle owners 
from B Province in the Centre-West Region; HCs, farms of cattle owners from H Province in the Haut-Bassins 
Region

Table 3: Average planted areas, crop production and crop yields in three types of farms in Burkina Faso
F a r m 
types

Maize Millet Rice S o r -
ghum

Cow- 
pea

G r o u n d -
nut

B a m b a -
ra-bean

Sesame Cotton Veg.

Planted area (ha)
BNs 0.69a 1.28ab 0.39 1.39ab 0.61 0.41b 0.06 0.03 0.00 0.16a

BCs 1.08a 2.63b 0.40 4.23b 1.88 2.02b 0.29 0.09 0.00 0.22a

HCs 3.53b 0.42a 0.06 0.67a 0.86 0.00 0.00 0.50 0.22 0.75b

Crop production (ton/
year)

BNs 0.55a 0.64 0.22 0.65a 0.17 0.33 0.01 0.00 0.00 NI
BCs 1.05a 1.02 0.59 2.19b 0.69 0.92 0.10 0.03 0.00 NI
HCs 6.89b 0.41 0.22 0.97ab 0.13 0.00 0.00 0.13 0.22 NI

Crop yields (ton/ha/year)
BNs 0.99a 0.60 0.68 0.47a 0.32 1.00 0.10 0.00    - NI
BCs 0.92a 0.59 1.02 0.60a 0.45 0.64 0.43 0.22    - NI
HCs 1.81b 0.93 4.00 1.41b 0.17 - - 0.44 1.00 NI
abMeans in a column with different superscripts significantly differ (p < 0.05). Veg., vegetables; BNs, farms of 
non-cattle owners from B Province in the Centre-West Region; BCs, farms of cattle owners from B Province 
in the Centre-West Region; HCs, farms of cattle owners from H Province in the Haut-Bassins Region; NI, not 
identified 

Selling incomes, expenditures and profits 

The average selling incomes, expenditures and 
profits are shown in Table 4. The incomes from 
selling crops in BCs were higher than those in 
HCs, and the incomes from selling vegetables in 
HCs were higher than those from BNs and BCs 

(p < 0.05). The HCs had more incomes and profits 
from cattle farming than the BCs (p < 0.05); twice 
and thrice as high as those of BCs, respectively. 
The profits from total farming were highest in HCs 
and lowest in BNs (p < 0.05).
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Table 4: Selling incomes, expenditures and profits in three types of farms in Burkina Faso1 

F a r m 
types

                            Selling incomes2 Expenditures Profits

Cattle
A n i m a l s      
except cat-
tle

Crops Vegetables Cattle L a b o u r 
costs Cattle T o t a l 

farming

BNs -  110(40) 95(35)
ab   70(25)a     -   18a   -   257a

BCs 1588(72)a  316(14) 114(5)b 182(8)a 555 666b 1032a 1534b

HCs 3336(80)b  114(3) 59(1)a 647(16)b 250 511b 3086b 3634c

11,000 FCFA/year. 2Values in parentheses were percentages of total selling income. abcMeans in a col-
umn with different superscripts significantly differ (p < 0.05). BNs, farms of non-cattle owners from B 
Province in the Centre-West Region; BCs, farms of cattle owners from B Province in the Centre-West 
Region; HCs, farms of cattle owners from H Province in the Haut-Bassins Region

Discussion 
The larger planting areas of millet and sorghum in 
BCs than those in HCs, and larger planting areas 
of maize and vegetables and higher production and 
yields of maize in HCs than those in BNs and BCs 
(Table 3) might be attributed to the differences of 
climate and soil condition between the sites; more 
rainfall and better soil for maize and vegetables in 
HCs. The higher incomes and profits from cattle 
farming of BCs and HCs than BNs brought about 
the more total farming profits, might be resulting 
in larger household sizes in the farms (Table 1 and 
4). The more number of cattle owned and of farms 
employing labour in HCs than in BCs (Table 2) 
indicated the difference of the purpose of cattle 
farming between the farm types; cattle were mainly 
for draft power and fed with crop by-products 
in BCs and mainly for dairy and beef grazing in 
common land in HCs. The results suggested that 
cattle farming contributed to the profit of farmers 
in B Province, who had a low profit margin of the 
crop and vegetable farming due to the limit of 
precipitation (World Meteorological Information 

2020). Although raising large number of cattle for 
milk and meat would give the farmers incentives 
for the profits, several problems, concerning 
climate risk on crop-livestock systems and residue 
management and fertilizer use in smallholder 
farmers e.g., have been observed in the country 
(Rigolot et al., 2017; Henderson et al., 2018). It 
is necessary to propose appropriate number of 
cattle and land area for cropping and grazing, 
introduction of pasture and legume trees adapted 
to the environment, utilization of cattle excreta 
and manure for covering on and nutrient inputs in 
crop field etc. 
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Abstract
While livestock presents an important livelihood strategy for many smallholders, it is also held responsible 
for important environmental impacts. In this paper, we used an online survey to identify the perceptions 
of global livestock experts on environmental impacts of livestock and how these might be tackled. We 
then explored how the CLEANED environmental ex-ante assessment tool (Comprehensive Livestock 
Environmental Assessment for improved Nutrition, a secured Environment and sustainable Development 
= CLEANED) responds to this and how it can be used to influence decision making towards more 
environmentally-friendly livestock production. According to the survey, there was general agreement 
between researchers, development practitioners and policy makers alike that livestock production 
systems are at risk of global environmental change while at the same time contributing to it. The major 
risks are perceived to be climate-related. The major impacts associated with livestock production, on the 
other hand, are considered to be land-related (degradation and competition for land), closely followed by 
pressure on water and GHG emissions. More sustainable livestock production practices are cited as most 
promising to reducing livestock’s environmental impact. The preferred technologies include managed 
grazing, improved pastures, silvo-pastoral systems and planted forages. A lack of rapidly available, 
site- and system-specific knowledge about such solutions and their potential environmental impacts are 
considered an important barrier to their successful implementation. The CLEANED environmental ex-
ante assessment model aims to fill part of this gap. It can compare the relevant environmental impact 
indicators of the different solutions brought forward. The model has also been designed to be flexible 
when applied to a wide variety of contexts and provide systems-specific results.

The expert survey further revealed that researchers, development practitioners and policy makers all 
based decisions on information, obtained from a variety of sources such as journal papers, internet 
searches and professional networks. The importance of journal papers, however, decreases as an 
information source from researchers over policy makers to development practitioners, while the use 
of professional networks and internet searches increases for these groups.  This finding points to the 
importance of the participatory approach taken by the CLEANED team and the need to present results 
in appropriate multi-stakeholder forums and targeted internet posts.  Further recommendations are made 
for increasing the use of the tool, i.e. making the outputs from the tool easier to interpret and training a 
variety of stakeholders in its use.

Introduction
Livestock are kept by hundreds of millions of 
smallholders across Africa, Latin America and 
Asia. Livestock play a central role in supporting 
household livelihoods through provision of 
income and nutrition. Despite the opportunities 
and benefits that livestock production could bring, 
it is widely observed that livestock systems are 
key drivers of global environmental degradation 
(Foley et al., 2011), including increased nutrient 
loads, GHG emissions, water use, grassland 
degradation and land-use conversion (Steinfeld 
2006; de Vries and de Boer 2010; Godfray et al., 
2018). The predicted demand increase for animal 

sourced food (Alexandratos and Bruinsma, 2012) 
poses a danger that the necessary rise in livestock 
production could become environmentally 
unsustainable, particularly as many ecosystems 
are already under heavy pressure. 

Efforts to maximize livestock production, 
productivity and profitability thus need to be 
balanced with long-term sustainability and 
environmental stewardship. It is therefore important 
to assess potential environmental impacts before 
embarking on large-scale development projects 
geared towards livestock production intensification 
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(Notenbaert et al., 2016). We developed an 
indicator framework and associated user-friendly 
tool for ex-ante assessments of environmental 
impacts of development interventions in 
livestock Value Chains, i.e., the Comprehensive 
Livestock Environmental Assessment for 
improved Nutrition, a secured Environment 
and sustainable Development (CLEANED). It 
evaluates land requirements, productivity, water 
use, soil health, economics and greenhouse gas 
emissions associated with livestock production 
enterprises. It compares the environmental 
impacts of different livestock production practices 
in different livestock production systems.  It brings 
potential synergies and trade-offs between land 
use, water use, GHG emissions and soil health 
to the forefront.  The CLEANED framework is 
intended to support decision-making and to help 
prioritise the development action of governments, 
donors, NGOs and farmer organisations in data-
scarce environments (Notenbaert et al, 2014). It 
has been applied in a number of projects across 
the global tropics. The tool has been used in 
Kenya, Tanzania, Burkina Faso, Ethiopia, Uganda, 
Nicaragua, Honduras and Vietnam to assess the 
environmental impacts in dairy, beef, pig and dual-
purpose cattle value chains.

In this paper, we explore how this tool responds 
to the perceptions of global livestock experts on 
environmental impacts of livestock. We further 
reflect on the best implementation strategy for 
influencing decision making towards more 
environmentally-friendly livestock production.  

Materials and Methods
As a validation exercise for the CLEANED 
tool (Comprehensive Livestock Environmental 
Assessment for improved Nutrition, a secured 
Environment and sustainable Development), we 
carried out a survey to explore the perceptions of 
environmental impacts of livestock and available 
solutions amongst livestock experts from the policy, 
research and development realms. The expert 
survey was conducted through the SurveyMonkey 
platform and distributed to researchers and partners 
of the CGIAR Research Program on Livestock and 
through mailing lists of relevant professional and 
institutional networks. The survey was accessed 
between 22nd July and 15th November 2019. The 
survey consisted of fifteen questions soliciting 
the experts’ perceptions in four domains. First, 
we elicited the respondents’ perceptions about the 
most important environmental impacts of livestock 

within their region of work. Second, we enquired 
about their assessment of the most significant risks 
and adaptation needs associated with livestock 
production. In a third domain, we solicited the 
experts’ ideas about the most promising options/
solutions to reduce the environmental impact 
of livestock production and increase resilience. 
Finally, we dug deeper into the source and use 
of information for decision-making.  For the full 
list of questions, and more information on data 
collection and analysis methods we refer to the 
supplemental information of Paul et al., (2020).

Then, we further reviewed the CLEANED model, 
its applications and feedback we got from partners 
and stakeholders during trainings and practical 
applications. We compared the functionality of 
the revised model and insights emerging during 
its practical application with the experts’ opinions 
and needs. All reviewed reports, papers and blogs 
associated with CLEANED are compiled for 
easy access on https://ciat.cgiar.org/ciat-projects/
environmental-assessments-of-livestock-systems-
using/. 

Results
A total of 260 experts responded to the survey. 
The large majority of respondents (70%) were 
researchers, 13% described themselves as 
development practitioners and 6% as policy 
makers. Almost half of the respondents (45%) 
work mostly in Africa, 26% in the Americas, 17% 
in Oceania and Asia, and 7% in Europe, while 
the remaining 5% works across different regions. 
There was general agreement between researchers, 
development practitioners and policy makers alike 
that livestock production systems are at risk of 
global environmental change while at the same time 
contributing to it. While small regional differences 
exist, the major risks are perceived to be climate-
related. As noted in Paul et al., (2020), the major 
impacts associated with livestock production 
were considered by the respondents to be land-
related (degradation and competition for land), 
closely followed by pressure on water and GHG 
emissions.  More sustainable livestock production 
practices were cited as most promising approach 
towards reducing the environmental impact of 
grazing livestock. The preferred technologies 
include managed grazing, improved pastures, 
silvopastoral systems and planted forages. 

Survey responses not previously reported 
further revealed that lack of rapidly available, 

https://ciat.cgiar.org/ciat-projects/environmental-assessments-of-livestock-systems-using/
https://ciat.cgiar.org/ciat-projects/environmental-assessments-of-livestock-systems-using/
https://ciat.cgiar.org/ciat-projects/environmental-assessments-of-livestock-systems-using/
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site- and system-specific knowledge about such 
solutions and their potential environmental 
impacts were important barriers to the successful 
implementation of management solutions. Finally, 
the expert survey revealed that researchers, 
development practitioners and policy makers all 
based their decisions on information, obtained 
from a variety of sources such as journal papers, 
internet searches and professional networks. The 
importance of journal papers, however, decreased 
as an information source from researchers to policy 
makers to development practitioners, while the 
use of professional networks and internet searches 
increases for the latter two groups. 

Discussion
The CLEANED tool calculates the environmental 
footprint of a livestock enterprise, in terms of 
(1) the area of land required for feed production, 
(2) productivity, (3) economics, (4) soil health, 
(5) GHG emissions and (6) water use (Mukiri 
et al., 2019). These indicators fully align with 
the environmental dimensions of concern, as 
prioritised by the global experts. In addition, 
the first step in a CLEANED assessment is the 
delineation of a study area. Heterogeneity in terms 
of agro-ecology, market linkages, production 
objectives, herd composition, feed basket and 
practices within such area requires stratification 
into analysable homogeneous units. In the 
CLEANED model, these are described as different 
enterprises or systems (Notenbaert et al., 2014). 
The classification into systems/enterprises allows 
for the calculation of system-specific footprint 
indicators. As illustrated by the CLEANED 
applications documented in, for example, Osele et 
al., (2018), Notenbaert et al., (2020), Van der Hoek 
et al., (2020), the CLEANED tool can assess the 
environmental footprint changes of technologies 
brought forward as promising solutions. As such, 
it fills the important knowledge gap identified by 
the experts, i.e., system-specific knowledge about 
such solutions.  Strengths of the method include the 
relative ease of use and limited data requirements, 

in combination with multi-disciplinary impact 
quantification along different environmental 
dimensions (in absolute as well as relative terms) 
(Notenbaert et al., 2020).  

The comparison of the experts’ opinions with the 
CLEANED model indicate the usefulness of the 
CLEANED tool for decision makers at different 
levels such as donors, government agencies and 
NGOs. They can and have used it to provide input 
in investment decisions of local implementers, 
both in the private and public sphere.

One of the main challenges that users face is the 
difficulty in interpreting the model output.  They 
find it difficult to estimate how ‘sustainable’ an 
environmental footprint is (Van der Hoek and 
Mukiri, pers. communication). Our analysis 
gives rise to a number of recommendations for 
improving the CLEANED model’s potential 
impact. In terms of further model development, 
we intend to establish a benchmarking system. 
This system would include an analysis that enables 
either comparison with natural resource stocks of 
resources and/or a best practice indicator in similar 
livestock production systems in the same country, 
region or worldwide. The system could help to 
translate the CLEANED analysis results into a 
simple traffic light system.

The information provided by the experts about 
where they source information influencing 
their decision-making processes, points to the 
importance of the participatory approach taken 
by the CLEANED team and the usefulness of 
presenting results in multi-stakeholder forums and 
targeted internet posts. 
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Abstract
Productivity of alpaca grazing rangelands in the Andes is often limited by the low availability and 
quality of those pastures during the dry season of the year. The use as supplements of forages cultivated 
during the rainy season in appropriate areas in the Andes may be a strategy to improve performance of 
alpacas. Therefore, the supplementation of oat-vetch pellets or oat hay was evaluated and compared 
with a control group without supplementation. Sixty three female alpacas (15 months of age, 34 ± 1.0 kg 
BW), divided in three groups, grazing range pastures (6.1% crude protein and 61.3% NDF) during dry 
season in Puno region of the Peruvian Andes were used for the study. The supplement was offered daily 
after grazing (400 g/alpaca/day). The study lasted for 84 days with evaluations of weight gain and intake 
every 28 days. Weight gain was greater for animals supplemented with oat-vetch pellet (3.1 ± 0.27 kg) 
compared to oat hay (0.98 ± 0.33) (P≤ 0.05) while the control lost BW (0.64 ± 0.22). The total dry matter 
intake (pasture and supplement) was 502, 575.6 and 579.5 g / alpaca/ day for the control, oat-vetch pellet 
and oat hay group respectively indicating partial replacement of pasture by the supplement. Under the 
study conditions, the supplementation of oat-vetch pellets improved performance better than oats hay or 
no supplementation for alpacas grazing range pastures during the dry season.

Introduction
Alpaca (Vicugna pacos) is the most important 
species for fiber production among South 
American camelids and is adapted to Andean 
environments with high capacity to efficiently use 
dietary energy (Barreda 2017). This animal feeds 
on pasture of low nutritional quality and is adapted 
to environments with poor food availability (San 
Martin 1996). However, several studies predict 
that the adverse effects of climate change will 
worsen and will be more recurring in the coming 
years that will affect the availability of pastures 
and production of alpacas (Herzog et al., 2012). 
The use of nutritional supplements in critical 
periods may be an appropriate strategy to alleviate 
some nutritional deficiencies (Van Saun 2006). 
Therefore, the present study aims to evaluate the 
effect of supplements of oat-vetch pellets or oat 
hay on weight gain and consumption of alpacas in 
range pastures during the dry season.

Materials and Methods
Study site

The study was carried out in the Instituto Nacional 
de Innovation Agraria (INIA) experimental unit 

“Quimsachata” (4200 masl), Puno Region, Peru, 
which is characterized by having an average 
annual temperature of 7 °C, being considered Cool 
temperature moist forest (Holdrige 1987).

Treatments

Sixty-three 15-month-old female alpacas of 
Huacaya breed were used. The animals were 
assigned to one of three treatments: grazing 
range pasture (T1), supplementation with oat-
vetch pellets + grazing range pasture (T2) or 
supplementation with oat hay + grazing range 
pasture (T3). The average live weight of animals 
for T1, T2 and T3 were 33.9 ± 0.94, 34.5 ± 1.22 and 
34 ± 1 kg respectively. The animals after grazing 
received 400 g of oat-vetch pellets or alpaca oat 
hay/day. The variables evaluated were dry matter 
intake (grass and supplement) and weight gain 
every 28 days for 84 days during the dry season 
(July-October) of 2017. Total dry matter intake 
was calculated considering an intake of NDF 
to 0.9 percent of live weight (Van Saun 2006). 
As supplement intake was registered daily the 
difference of total dry matter intake was considered 
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range pasture. The chemical composition of range 
pasture, oat-vetch pellets and oat hay is shown in 
Table 1. Dry matter, crude protein, calcium and 
phosphorous content were determined according 
to the method of the Association Official Analytical 
Chemist (AOAC 2005). The determination of 
Neutral Detergent Fiber (NDF) was carried out 
by the method of ANKOM Neutral Detergent 

Fiber in feed - Filter bags technique (ANKOM 
2007). In vitro Digestibility of Organic Matter 
was determined by ANKOM Daisy Incubator. 
Metabolizable energy was estimated using the 
formula proposed by Geenty and Rattray (1987).

Table 1: Chemical composition (100% dry matter) 
of range pasture, oat-vetch pellets and oat hay

 Range pasture Oat-vetch 
pellets Oat hay

Dry matter 91.7 89.7 89.8
Crude protein 6.1 8.9 6.7
Neutral detergent fiber 61.3 55.7 46.6
Calcium 0.3 0.5 0.3
Phosphorous 0.2 0.2 0.1
In vitro organic matter digestibility 44.4 60.1 60.4
Metabolizable energy (Mcal/kg) 1.7 2.31 2.32

Statistical analysis

The variables were evaluated through an analysis 
of variance, using a completely randomized 
design with 3 treatments and 21 repetitions with 3 
subsamples of 7 animals per pen. The comparison 
of means was carried out by Tukey test with a level 
of significance of 5%. The statistical software used 
was SAS 9.4 (SAS 2016).

Results
The results of dry matter intake and nutrient of 
animals are shown in table 2. The average dry 
matter intakes of oat-vetch pellets and oat hay in 
dry matter were 327.4 and 280.5 g / alpaca / day, 
covering 57 and 48% of the ration, respectively. 
The total and daily weight gain of animals are 
shown in table 3. 

Table 2: Dry matter and nutrients intake of animals (g/animal/day) (unit?)

Period Treatment 1 Treatment 2 Treatment 3
Range pas-

ture
Oat-vetch pel-

lets
Range  
pasture Total Oat hay Range 

pasture Total

                           Dry matter intake
28 d 507 269.1 289.9 559 256.8 312.1 568.9
56 d 509 356.1 226.2 582.3 293.6 292.3 585.9
84 d 489 357 228.6 585.6 291 292.7 583.7
Average 502 327.4 248 575.6 280.5 299 579.5

                            Average nutrient intake
Crude protein, g 30.6 29.1 15.1 44.3 18.8 18.2 37
Ca, g 1.5 1.6 0.7 2.4 0.8 0.9 1.7
P, g 1 0.7 0.5 1.2 0.3 0.6 0.9
Metabolizable 
energy, Mcal 0.85 0.76 0.42 1.2 0.65 0.51 1.2
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Discussion 
The results shown that the average dry matter intakes of range pasture was high at the beginning of 
the experiment and decreased over time, this is probably due to shortage of pasture and higher intake 
of supplement (oat-vetch pellets or oat hay). The treatment supplemented with Oat-vetch pellets had a 
weight gain of 36.9 g/d, followed by the treatment supplemented with oat hay (17.9 g/d). These values 
are lower than the 95 g/d reported in female alpacas fed with 750 g of alfalfa pellets plus 1 kg of alfalfa 
hay (Rosadio and Risco, 2014).

Table 3: Total (kg) and daily weight gain (g/animal) of animals

Period of evaluation Treatment 1 Treatment 2 Treatment 3
01-28 d 0.57b  ± 0.24 1.81a  ± 0.33 0.57b  ± 0.25
28-56 d 0.19a  ± 0.24 1.05a  ± 0.31 0.67a  ± 0.20
56-84 d -1.14b  ± 0.19 0.24a  ± 0.18 0.24a  ± 0.05
Total weight gain -0.64c  ± 0.22 3.10a  ± 0.27 0.98b  ± 0.33
Daily weight gain -0.01 36.9 17.9

The lower weight gain of alpacas in this experiment is due to the fact that they were grazed in the dry season 
with low quality pastures. While the treatment 
without supplementation lost weight (-0.01 
g/d), this weight loss was due to the low supply 
of nutrients from range pasture and low in vitro 
organic matter digestibility (44.4%). In conclusion, 
under the study conditions, the supplementation 
of oat-vetch pellets improved performance better 
than oats hay or no supplementation for alpacas 

grazing range pastures during the dry season.
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Abstract
To develop sustainable grazing management systems based on highly-productive dominant species, it 
is critical to maintain pasture growth and prevent land degradation on meadow steppe. A field study 
was performed to identify the impact of seasonal rest grazing on diet selection of sheep and pasture 
composition in Bromus inermis improved meadow steppe from 2015 to 2017 in Hulunbuir, Inner 
Mongolia, China. Three seasonal rest grazing strategies were conducted: R1 included a spring rest from 
June 15 to July 15, R2 a summer rest from July 15 to August 15 and R3 an autumn rest from August 15 
to September 15. The control treatment was continuous grazing (CG) from June 15 to September 15. At 
the same time, flexible stocking rates occurred in each treatment were based on residual herbage mass 
benchmarks at each different season. The diet composition of grazing sheep were determined using plant 
wax marker technique. From the results, stocking rates were similar among grazing treatments. In each 
season, diet composition was not affected (P > 0.05) by grazing treatments but it changed markedly 
during the grazing season and was related to the dry weight proportion in summer and autumn. Due 
to seasonal variation in diet composition, rest grazing in spring and summer protected Bromus inermis 
and Leymus chinensis from overgrazing. Meanwhile, rest grazing in autumn promoted the regrowth of 
B. inermis. Therefore, compared with CG, R1 and R3 significantly increased (P < 0.01) the herbage 
mass of B. inermis, while R2 significantly increased (P < 0.01) the herbage mass of L. chinensis. This 
study confirmed the importance of the livestock-pasture interrelationship in influencing the pasture 
composition, and seasonal rest grazing with flexible stocking rates could be an effective tool to maintain 
a high level of desirable pasture composition.

Introduction
China has 400 million ha of grasslands. Due 
to drought and overgrazing, more than 90% of 
grassland has been degraded to varying degrees, 
causing serious environmental, resource and 
economic problems. Rehabilitation of grasslands 
is critical, achieved in part by the use of highly-
productive dominant species and optimizing 
sustainable grazing management systems. In theory, 
rest grazing is considered to enable sufficient plant 
growth to maintain the population and vigour of 
the desirable pasture components (O’Reagain and 
McMeniman, 2002). Due to different mechanisms 
of the species used to survive in grazed pasture, 
seasonal rest periods and grazing animal defoliation 
have a direct influence or indirect influence on 
pasture composition by altering the competition 
between species of pasture. Many studies have 
focused on seed production or bud regeneration 
under seasonal rest grazing (Kemp et al., 2000, 

Nie et al., 2015), but few reports had evaluated the 
dynamics of pasture composition from the aspect 
of diet selection by sheep.

A knowledge of seasonal diet selection of sheep 
is relevant to improve the understanding of the 
influences of seasonal rest grazing on grassland 
vegetation and, therefore, the design of appropriate 
management schemes. Here, in three seasonal rest 
grazing treatments compared with continuous 
grazing, we assessed the effect of seasonal rest 
grazing on pasture composition and diet selection 
of sheep using plant wax marker technique.

Materials and Methods
Study area. The experiment was conducted at 
the Hulunbuir Experiment Station of Grassland 
Agro-ecosystems (49°28′N, 120°10′E, 628 m 
above sea level) in Inner Mongolia, China. The 
area has a continental monsoon climate with an 
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average precipitation of 430 mm/year, mostly 
occurring between June and September. The mean 
temperatures during the experimental periods 
were 17.5 °C, 21.6 °C and 18.6 °C in June, July 
and August, respectively. The experimental 
pasture was an improved meadow steppe with 
Bromus inermis that was reseeded into degraded 
Leymus chinensis pasture in 1997. B. inermis 
and L. chinensis have been the dominant species 
since reseeding. Other companion species were 
Potentilla bifurca  and the sedge species Carex 
pediformis and Carex duriuscula.

Experiment design and sheep management. Three 
rest grazing treatment were designed as: R1, 
spring rest from June 15 to July 15; R2, summer 
rest from July 15 to August 15; R3, autumn rest 
from August 15 to September 15. The control 
treatment was continuously-grazed treatment 
(CG) from June 15 to September 15. There were 
three blocks and each block consisted of 7 plots 
with 1 plot for CG, and 2 plots for R1, R2 and R3, 
respectively. The area of each plot was 1 hectare. 
At the beginning of grazing season, about 200 
non-pregnant and non-lactating female Mongolian 
sheep were selected from the main flock on the 
basis of uniformity of live weight of 32±0.5kg 
and then allocated to the grazing plots. Sheep 
were kept on the plots throughout each day and 
allowed to access water, salt and mineral block 
freely. There was no supplementary feeding given 
during grazing. To ensure sustainable utilization, 
the number of sheep in each plot was adjusted by 
the residual herbage mass method, in which put-
and-take stocking was applied to make the residual 
herbage mass consistent with the default targets. 
The defaults, set in accordance to the seasonal 
dynamics of vegetation, were 1200 kg/ha during 
the whole grazing season in 2015, changing in 
2016 and 2017, respectively, into 1000 and 800 
kg/ha on July 15, 800 and 600 kg/ha on August 15, 
and 600 and 500 kg/ha on September 15. 

Grassland condition and diet composition 
of grazing sheep. Green herbage mass was 
determined in the middle of each month from 
June to September in 2016 and 2017. Green plant 
material within a 1 m x 0.25 m quadrat was cut 
to ground level at 6 random locations across each 

plot, and these samples were sorted into each 
species. After oven drying to constant weight, the 
pasture composition of B. inermis, L. chinensis 
and other species was calculated. 

Diet measurements. In each block, four plots 
including all grazing treatments were chosen 
randomly for animal diet measurements. Six 
sheep in each plot were randomly selected to 
determine their diet composition using a plant 
wax marker technique. During the first four days 
of July, August and September, faecal samples 
were collected from the rectum of sheep each 
morning. Meanwhile, a direct observation of 
feeding behaviour was conducted and B. inermis, 
L. chinensis, P. bifurca, C. pediformis and C. 
duriuscula were observed to be main consumed 
species by sheep. Bite-like samples (individual 
species) of these plants were clipped. After that, 
12-day indoor feeding was conducted involving 
six sheep that were fed fresh plants containing B. 
inermis, L. chinensis, P. bifurca and C. duriuscula 
to estimate faecal recovery of n-alkane and long-
chain alcohol. The detailed procedures of sampling 
faecal and plant material collection were based on 
the report of Chen et al., (2015). Likewise, the 
analysis of n-alkane and long-chain alcohol and 
the calculation of diet composition was based on 
the procedures of Zhang et al., (2019).

Statistical analysis. Within each season, the effect 
of grazing treatment on diet composition was 
assessed by one-way ANOVA. A linear mixed 
model was used to evaluate the effect of grazing on 
herbage mass and pasture composition, in which 
grazing treatment, year and season were treated 
as fixed model and block was treated as random 
model. In each season, simple linear regressions 
were performed to explore the relationship between 
proportions of botanical components in sheep 
diet and dry weight proportion of corresponding 
component in the sward. The procedures above 
were performed on GenStat 19.0.

Results 
Stocking rate. Stocking rates of each grazing 
treatment changed from 2015 to 2017 (Table 1). 
The average stocking rates in 3 years were 6.90, 
6.79, 6.53 and 6.06 sheep equivalent per ha in 90 
days for CG, R1, R2 and R3, respectively. 
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Table 1: Stocking rates (sheep equivalent/ha/90 days) of each treatment from 2015 to 2017

Year
Grazing treatment

CG R1 R2 R3
2015 3.66±0.18 4.80±0.11 3.98±0.16 3.00±0.18
2016 7.51±0.10 7.23±0.13 6.14±0.09 6.48±0.10
2017 9.54±0.87 8.35±0.44 9.46±0.31 8.70±0.15

2015-2017 6.90±0.30 6.79±0.18 6.53±0.07 6.06±0.02

Note: “2015-2017” represented average stocking rate across 3 years within a treatment.

Diet composition. In each season, diet composition of each forage species was not significantly (P 
> 0.05) influenced by grazing treatments (Figure 1). However, diet composition of sheep changed 
markedly during the grazing season. In spring, the major dietary composition was B. inermis and Carex; 
in summer, L. chinensis and B. inermis became the major dietary components; and in autumn, L.chinensis 
accounted for the largest proportion in sheep diet.
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Figure 1: Diet composition of sheep grazing in 
different treatments in each season 

Figure 2: Herbage mass of Bromus inermis, 
Leymus chinensis and other species in different 
grazing treatments on each sample date. Vertical 
bar represents LSD0.05 

Figure 3: Linear regressions between diet composition of forage species consumed by sheep and its 
dry weight proportion in the sward among all grazing treatments in spring (a), summer (b) and au-
tumn (c). Asterisks next to the coefficient of determination indicate p-values of each regression: (ns) 
> 0.05, (***) < 0.001
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Herbage mass and pasture composition. R1 and 
R3 predominately increased the herbage mass 
of B. inermis with average herbage mass of 1.45 
times higher than CG. R2 promoted growth of L. 
chinensis with the herbage mass of twice as much 
as that in CG. As for other species, the herbage 
mass did not differ between grazing treatments. 
As compared with CG, all rest grazing treatments 
decreased their pasture composition of other 
species from 23% to 19%. 

Relationships between dry weight proportion 
and diet composition. In spring, no significant 
correlations (P > 0.05) were found between diet 
composition of forage species consumed by sheep 
and dry weight proportion of individual plants. In 
summer and autumn, there were significant linear 
effects and strong correlations were found (R2 = 
0.44, P < 0.001 in spring and R2 = 0.71, P < 0.001 
in autumn).

Discussion 
As the environment of temperate steppe in 
northern China is characterized with a large inter-
annual and seasonal variation in precipitation and 
hence pasture growth, stocking rates in this study 
are varied according to forage availability and 
residual herbage mass benchmark, which is of 
significance for sustainability of grazing system 
(O’Reagain and McMeniman, 2002). In order to 
maintain pasture at a vegetative state and promote 
its regrowth and nutritional quality, the residual 
herbage mass benchmark we set decreased 
from 2015 to 2017 and hence the stocking rates 
increased accordingly. With similar stocking 
rates among grazing treatments, the seasonal rest 
grazing should be the main source of the observed 
variation in pasture composition.

At the beginning of grazing season, sheep were able 
to diversify their diet to have most preferred species 
(Pain et al., 2015) and hence the diet selection of 
sheep might be predominantly influenced by plant 
nutritive values in spring. While in summer and 
autumn, the strong correlation between pasture 

composition and dry weight proportion was 
validated, which confirmed the sward structure 
and availability played an important role in diet 
selection of sheep (Chen et al., 2015). In any 
case, diet selection of free-grazing animal mainly 
depended on the pasture sward, influenced by 
sward availability, forage nutrition and vegetation 
structure (Zhang et al., 2017). Therefore, the 
seasonal dynamics of diet composition should 
be responsible for the seasonal variation in 
sward condition and in turn affected pasture 
composition under this seasonal rest grazing 
system. For example, since sheep consumed large 
proportions of B. inermis in spring, rest grazing 
in spring may provide the B. inermis component 
with an opportunity for growth and reproductive 
activity, more so than on the continuous grazing 
treatment and hence B. inermis increased its 
pasture composition. Sheep did not consume 
large quantities of L. chinensis until summer and 
the grazing deferment of it under summer rest 
grazing treatment was longer than that under 
other grazing treatments, which promoted the 
growth and persistence of L. chinensis. Moreover, 
the increased herbage mass and dominance of B. 
inermis in R3 should be responsible for the high 
regrowth rate in autumn. 

This study concluded that based on the knowledge 
of diet selection of sheep, pasture composition 
could be regulated by grazing time. Seasonal rest 
grazing with flexible stocking rates regulation 
could maintain a high level of desirable pasture 
composition and contribute to sustainable grazing 
management.
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Abstract
Livestock farming plays an important role in many rural people s’ livelihoods around the globe. The 
sector is, however, faced with numerous challenges, particularly land degradation. Namibia, one of the 
driest countries in the world, is no exception to land degradation challenges, mostly among communal 
rangeland areas. Several studies and interventions on land degradation have been conducted in the 
country, however, with limited or no information on farmers’ perceptions. Although land degradation 
may be a physical process, understanding its causes, process, indicators, and effects from the own 
users’ is indispensable. Here, we assessed farmers’ perception in the eastern part of Namibia, Okakarara 
communal area. We conducted detailed interviews with 41 livestock farming households, selected through 
purposive sampling, from four villages. We documented how farmers perceive cattle farming in their 
areas amid land degradation and the interventions that they intend to make to sustain their livelihood in 
the future. Amongst others, farmers perceive livestock farming to be costly, relying mainly on procured 
supplements (97%), rangelands will deteriorate further due to increasing droughts (85%) and the land 
will become more bush encroached. To overcome future farming uncertainties, over 70% of the farmers 
state that they aim to diversify farming practices e.g. engaging in crop farming, use encroacher bushes 
to feed livestock (51%), planting grasses and preserving grasses for drought conditions (37%) as other 
key interventions to sustain livelihoods. Interestingly, removing the encroached bushes (de-bushing) 
was only mentioned by few farmers (10 %) as an intervention to improve rangelands. This is despite that 
the technique has lately gained momentum in the country as one of the solutions to overcome rangeland 
degradation. This could imply, farmers, are not yet made aware of the de-bushing techniques. The study 
suggests future community programs such as on-farm range research and development  should consider 
farmers’ views instead of side lining them. 

Introduction
One of the highly practiced agricultural activities 
globally is livestock farming (FAO, 2020; 
Bettencourt et al., 2015 and Pica-Ciamarra et al., 
2011). Livestock plays a significant role in more 
than 50% of rural communities in developing 
nations (FAO, 2020). In Namibia, over 39% 
of households are practicing livestock farming 
(NHIES -2015/2016 (2019), and it provides food 
sources, income creation, transport, employment 
opportunities, among other benefits (Bettencourt 
et al., 2015). The country’s most predominantly 
livestock farming systems are for sheep, goats, 
and cattle, mostly in pastoral areas found in the 
northern, central, and eastern regions. 

Given the semi-aridness nature and the harsh 
climate changes experienced, Namibia is 
susceptible to land degradation affecting the 

livestock farming areas (Brown et al., 1999). More 
than 60% of the rural population in the country 
are losing their natural resources, reduction of 
fertile land & species extinction, and exposing 
the natural resource base to extreme climate 
events such as droughts (Reynolds et al., 2007). 
Fundamental questions remain, what are farmers’ 
perceptions of such land degradation, and how do 
they foresee their high dependence on livestock 
farming? It is against this context, that the current 
study assessed the perception of farmers in the 
Okakarara communal area regarding the future of 
cattle farming in the midst of the land degradation 
threats. The objectives of the study are to establish 
how farmers perceive the future of cattle farming 
amid land degradation and document strategies or 
alternative farming practices farmers perceive to 
use amidst future uncertainties.
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Materials and Methods
Okakarara district is located in the so-called 
Greater Waterberg Landscape (GWL), in the 
eastern central part of Namibia (Figure 1). The 
GWL covers an area of more than 19,000 km² 
which combines two different land-tenure systems; 
communal and freeholds. The rainfall of the area 
is typical for a semi-arid region in Namibia with 
mean annual rainfall between 350 - 500 mm but 
displays extreme inter-annual variation (SASSCAL 
WeatherNet, 2021). The communal farmers in the 
Okakarara area are primarily subsistence livestock 
farmers mainly keeping cattle under extensive 
grazing conditions (Zuwarimwe and Mbaai, 2015). 

 

Figure 1: A map of northern central Namibia 
displaying the position of the Greater Waterberg 
Landscape at Okakarara area (A) and a typical 
rangeland landscape of the studied area (B). 

To obtain comprehensive farmers’ future perception, 
the study employed a community dialog scenario 
approach whereby, in-depth interviews at the 
household level were conducted in four villages, 
namely: Okahitua, Ozongarangombe, Ovitatu, and 
Ombooronde. Overall, a total of 41 households (10 

A

B

households per village, with an exception of one 
village with 11 households) were interviewed. A 
household was defined according to Gxasheka, et 
al., (2017) definition.  Household were selected 
using purposive sampling (Mack et al., 2005). 
Detailed information on land degradation and 
farmers’ perception towards their grazing land 
within the context of land degradation was 
obtained. Questions were designed to understand 
the past and present knowledge of the farmers to 
better align future perception based on the past 
experiences. The content analysis method was 
employed to analyze the data.  Data were critically 
examined and synthesized to discover patterns, 
themes and create categories.

Results
Okakarara Communal Farmers Perceptions on 
the future Cattle Farming in their Areas

Farmers have diverse perceptions on the future 
cattle farming in their areas (Fig 3). Among the 
most perceived future scenarios of cattle farming 
reported by the respondents were that drought 
will continue increasing (85%) and cattle farming 
will become more expensive (97%) due to high 
dependence on buying fodders to supplement 
livestock and that the rangelands will become bush 
encroached (80%). Based on the data, livestock 
farming is facing clear challenges and cattle 
products will become scarce (65%). 

Figure 3: Perception of the farmers in Okakarara 
communal area on the future cattle farming in their 
area amidst land degradation

Perceived alternative interventions to overcome 
the impact of land degradation

As per farmer´s perception, over 70% foresee 
themselves diversifying or expanding their 
practices beyond cattle farming. Over 50% are 
perceiving turning bush into feed as palatable 
grasses continue to be depleted due to bush 
invasion. Farmers also foresee planting and 
preserving grasses for drought conditions, while 
reducing the number of livestock as a future 
mechanism to overcome land uncertainties. The 
results indicates how farmers plan to be proactive 
in their farming practices, such that they are 
willing to forgo their generational traditional ways 
of living (not ready to destock and depending on 
only cattle).  



692

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

Figure 4: Perceived alternative farming practices farmers will employ to overcome future uncertainties 
(land degradation)

Discussion

In these findings, communal farmers in Okakarara 
perceived changes in their livestock farming 
practices, with some, showed that it will be an 
expensive sector, mostly depending on buying 
fodder (supplements). Farmers also perceive 
droughts condition reoccurring in their area as a 
threat to livestock farming. These changes were 
attributed toland degradation, as reported by 
previous research(Strohbach, 2014). A recent 
study indicated that past state interventions and 
policies contribute to current land degradation 
in areas like Okakarara (Menestrey and Mbidzo 
2020).  The Farmer´s responses are crucial as they 
indicate that farmers observe and understand their 
land-use changes. The latter is also an indication 
of how vital it is to include farmers’ views when 
conducting similar projects and/or interventions, 
similar to what was proposed in the previous 

findings (Gxasheka et al., 2017). The results also 
showed that farmers have future directions or 
plans to resort to during land degradation severity. 
However, though they have future practice plans 
sorted out, one may still wonder what is preventing 
them from executing such practices in the present 
time, especially that many challenges (i.e. effects 
of drought) suggested are already happening  
(Menestrey et al., 2020, Brown et al., 1999). 

This pilot study is a stepping stone to what will 
be called, “Documenting Farmers Perceptions 
towards Land use amid Desertification Tipping 
Point threats in Namibia”. Henceforth, its 
methodology and findings will further be explored 
and extended to the rest of the country.
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Abstract
This study aimed to detect the optimum grazing time based on milk fatty acids and yield for the Holstein 
cow (Bos taurus) through eco-pastoral system in Korean alpine grassland. The treatment of grazing time 
was 3 levels: Non-grazing, Half-day grazing, Full-day grazing. First, the difference of milk fatty acids 
(saturated fatty acid, unsaturated fatty acid, Total ω-3, etc.) and milk yield was checked by grazing time 
via ANOVA. Second, various measurements of milk fatty acids were reduced to principal 

components for effective and obvious detecting the variation as a grazing time. Final, the variations of 
milk fatty acid and yield were estimated to calculate the optimum grazing time by regression modeling 
based on multinomial function. For detecting the optimum grazing time, checking the crossing point 
between increases of milk fatty acid and decreases of milk yield, and response surface methodology 
were carried out. As a result, the optimum grazing time was 11.05 h by response surface methodology, 
respectively. For the optimum grazing time, unsaturated fatty acid, mono-unsaturated fatty acid, 
eicosatrienoic acid, total ω-3 and milk yield were 17.82 g/100g, 9.14 g/100g, 0.61 g/100g, 2.06 g/100g 
and 27.16 kg/d, respectively. The 11-hour grazing time was statistically optimal considering milk fatty 
acid and yield, but it would be minimal level if the loss due to milk yield reduction was covered by a 
premium grade and potential and long-term benefits were taken into account.

Introduction
In the Republic of Korea, 64 % of the country 
is made up of mountainous area, and the area 
available for development as grassland is estimated 
at 1,711,000 ha, which is 26.6 % (MAFRA, 2016); 
however, the actual managed grassland are 34,000 
ha. Nowadays the global price of feedstuffs is 
rising, making Korean farmers burdensome. 
Because the feedstuffs to import occupies more 
than 60 % of the domestic total production cost 
of animal husbandry. Sung et al., (2017) reported 
that the Korean standard model for utilization of 
pasture in alpine grassland that could overcome 
the drawbacks and promote eco-friendly grazing 
system. Furthermore, Lee et al., (2018) reported 
the difference in feed intake, milk yield (MY), 
quality, and fatty acid profile between mountainous 
grazing and feedlot systems for Holstein lactating 
cows.

Eco-pastoral system in alpine grassland is 
the method which utilizes the pasture in the 
mountainous areas through integrating livestock 

grazing system (Bueno et al., 2011). Grazing by 
the eco-pastoral system widely contributes to not 
only animal welfare, but also nature and human 
wellbeing. Furthermore, environmental change 
to livestock activities by grazing contributed to 
develop a natural system with interaction between 
grassland and herbivore in dynamic trade-off 
reflecting the eco-pastoral system (Austrheim and 
Eriksson, 2001). In particular, the eco-pastoral 
system could be called as ecosystem services, 
includes both ecological process and the benefits 
to human that can be derived from them (Balmford 
et al., 2008). Furthermore, the ecosystem services 
provided by mountainous area have contributed 
to provision of high quality water and foods, 
preservation against abnormal weather phenomena 
and biodiversity (World Bank, 2008). However, 
there is somewhat concern about a decline in MY 
in terms of economic feasibility. Sometimes the 
concern could be easily quantified relative to the 
merits, which might make the performance itself 
impossible at the planning step. In the Republic of 
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Korea, the productivity by grazing considered to be 
low due to the lack of proper grazing practices and 
small size of alpine grassland for grazing (Sung 
et al., 2017). Furthermore, they pointed out the 
lack of knowledge of milk quality and milk fatty 
acid (MFA) profile of the Korean alpine grazing. 
Therefore, MFAs and MY were considered as a 
representative feature to find the optimum grazing 
time through eco-pastoral system in this study.

Therefore, this study aimed to detect the optimum 
grazing time considering MFAs and MY for 
Holstein cows through eco-pastoral system in 
alpine grassland.

Materials and Methods
The study was conducted at the Sky Ranch near 
Pyeongchang (latitude: 128°35’, longitude: 37°33’) 
of the Republic of Korea, on a mixed pasture (2.19 
ha) with rolling topography and elevations (890-
930 m) from May 21 to June 25 (36 days) in 2018. 
Vegetation is predominantly grasses (90 % timothy 
(Phleum pratense L.), 5 % orchardgrass (Dactylis 
glomerata L.) and 5 % white clover (Trifolium 
repens L.)). Holstein cows (n = 21) were selected 
based on similar characteristics contains weight, 
calving number, daily MY and days in milk before 
grazing. Three treatments were: (1) Non-grazing 
(NG, 0 h), (2) Half-day grazing (HG, 12 h), and (3) 
Full-day grazing (FG, 24 h). Where, cows of NG 
were fed the self-compounding total mixed ration 

(TMR) and concentrate. 

The solutions of reagents consisted of internal 
standard 2 mL (Glyceryl triundecanoate 5 mg and 
Choloroform 10 mL) and 7 % Boron trifluoride-
methanol solution (14% Boron trifluoride-methanol 
solution 10 mL and Methanol 20 mL). MFAs were 
saturated fatty acid (SFA, g/100g), unsaturated 
fatty acid (UFA, g/100g), mono-unsaturated fatty 
acid (MUFA, g/100g), poly-unsaturated fatty 
acid (PUFA, g/100g), linoleic acid (LA, g/100g), 
γ-linolenic acid (γ-LA, g/100g), homo γ-linolenic 
acid (HLA, g/100g), archidonic acid (AA, g/100g), 
total ω-6 (TN6, g/100g), α-linolenic acid (α-LA, 
g/100g), eicosatrienoic acid (EA, g/100g), eicosa 
pentaenoic acid (EPA, g/100g), docosa hexaenoic 
acid (DHA, g/100g), total ω-3 (TN3, g/100g), ratio 
ω-6/ω-3 (RN) and al index (AI, g/100g).

Results
Differences in milk fatty acids and yield as a 
grazing time 

As a result of checking the difference of 
characteristics via one-way ANOVA (Table 1), the 
weight, MY and days in milk were not different 
before grazing (p > 0.05). The difference in SFA, 
UFA, MUFA, EA, TN3, RN and AI between groups 
were significant in MFAs (p < 0.05), and MY by 
grazing time was different (p < 0.05). Therefore, 
there were not significant differences in MFA and 
MY between treatments before grazing.

Table 1: Difference of characteristics of Holstein cows before grazing, milk fatty acids and yield as a 
grazing time by analysis of variance (ANOVA) and Turkey post-hoc.

Variables
Treatments Fa)

(p-Value)NG (n = 7) HG (n = 7) FG (n = 7)

Weight (Kg) 616.09±17.98a 612.65±19.68 a 658.14±19.28 a 0.90 (p = 0.42)
Milk yield before grazing (Kg/d) 36.87±3.08 a 31.04±3.19 a 29.69±1.35 a 2.03 (p = 0.16)

Days in milk (d) 166.43±8.52 a 183.14±11.69 a 187.57±14.33 a 1.78 (p = 0.20)
Saturated fatty acid (g/100g) 85.69±1.02 a 81.50±0.51b 78.55±0.65 b 22.38*

Unsaturated fatty acid (g/100g) 14.31±1.02 a 18.50±0.51 b 21.45±0.65 b 22.38*
Mono-unsaturated fatty acid 

(g/100g) 5.90±1.14 a 10.42±0.35 b 11.86±0.74 b 14.60*
Poly unsaturated fatty acid 

(g/100g) 8.40±0.36 a 8.08±0.64 a 9.60±0.21 a 3.24 (p = 0.11)
Linoleic acid (g/100g) 3.50±0.36 a 2.32±0.20 a 3.73±0.53 a 3.81 (p = 0.09)

γ-Linolenic acid (g/100g) 2.05±0.11 a 1.92±0.14 a 1.51±0.13 a 4.70 (p = 0.06)
Homo Linolenic acid (g/100g) 0.46±0.07 a 0.61±0.21 a 0.35±0.08 a 0.90 (P = 0.46)

Arachidon acid (g/100g) 0.76±0.15 a 1.08±0.12 a 1.02±0.11 a 1.77 (p = 0.25)
Total ω-6 (g/100g) 6.77±0.36 a 5.93±0.62 a 6.61±0.31 a 1.00 (p = 0.43)

α-Linolenic acid (g/100g) 0.17±0.08 a 0.17±0.05 a 0.42±0.10 a 3.36 (p = 0.11)
Eicosatrienoic acid (g/100g) 0.32±0.13 a 0.57±0.14 a 1.06±0.13 b 8.18*
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Variables
Treatments Fa)

(p-Value)NG (n = 7) HG (n = 7) FG (n = 7)

Eicosa pentaenoic acid (g/100g) 0.43±0.08 a 0.35±0.02 a 0.50±0.03 a 2.45 (p = 0.17)
Docosa hexaenoic acid (g/100g) 0.32±0.09 a 1.05±0.05 a 1.04±0.48 a 3.53 (p = 0.10)

Total ω-3 (g/100g) 1.23±0.10 a 2.13±0.09 b 3.03±0.31c 21.36*
Ratio ω-6 / ω-3 5.53±0.24 a 2.78±0.19 b 2.24±0.32 b 47.83*

Al index (g/100g) 6.71±0.48 a 4.15±0.29 b 3.75±0.11 b 23.62*
Milk yield (Kg/day) 37.48±1.18 a 22.79±2.55 b 19.22±0.98 b 29.58*

NG, non-grazing; HG, half-day grazing; FG, full-day grazing, a  )Comparisons between the grazing time 
groups based on an analysis of variance (ANOVA), *p < 0.05

From the above result, SFA, UFA, MUFA, EA, TN3, RN and AI were effective MFA to detect the optimum 
grazing time. Surely, these measurements had similar tendencies due to grazing time as we expected. The 
increase of grazing time resulted in the decrease of the SFA, RN and AI, while the increase of UFA, 
MUFA, EA and TN3. Two main milk fat acid factors were then generated for the grazing via principal 
component analysis (p < 0.05), such as the positive milk fat acid (PMFA) associated with UFA, MUFA, 
EA and TN3 and the negative milk fat acid (NMFA) related to SFA, RN and AI.

Determine the optimum grazing time 

The optimum grazing time considering PMFA and MY was estimated by response surface methodology 
as described in Table 2. In detail, the UFA, MUFA, EA and TN3 (g/100g) were 17.82, 9.14, 0.61 and 2.06, 
respectively. The coefficient of determination was over 90 % (R2 = 0.989). Unfortunately, all parameters 
were not effective under the 5 % significance level. However, it was judged that the linear and interaction 
terms tend to effective except of quadratic term (p < 0.10), considering the small sample size and number 
of level. 

Table 2: The effects of positive milk fatty acid and milk yield on grazing time by response surface 
methodology (model R2 = 0.989).

Terms Parameters Estimate Standard 
error p-Value R2 (p-Value)

Linear
Intercept -84.27 38.22 0.12

0.95*PMFA 74.86 25.25 0.06
Yield 7.27 2.84 0.08

Quadra
PMFAⅹPMFA -8.38 3.86 0.12 0.01 (p = 

0.41)YieldⅹYield -0.14 0.05 0.08

Interaction PMFAⅹYield -2.41 0.92 0.08 0.03 (p = 
0.08)

PMFA, positive milk fatty acid for grazing, *p < 
0.05

The optimum grazing time was hypothesized by tendencies of MFA and MY. There were two methods: 
one is checking a crossing point, other is estimating by RSM. The crossing point was 8.95 h between 
increase of PMFA and decrease of MY in shown as Figure 1 (A). When the optimum grazing time was 
recalling, the PMFA and MY were -0.19 and 25.46 kg/d, respectively. When the PMFA was recalling 
in detail, the UFA, MUFA, EA and TN3 (g/100g) were 17.68, 9.01, 0.59 and 2.03, respectively. The 
optimum grazing time by RSM was 11.05 h when the PMFA and MY were -0.08 and 27.16 kg/d 
respectively.
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(A) (B)
(C)

(D)

Figure 1: Line and contour plots of milk fatty acid and yield to select the optimum grazing time by 
response surface methodology: (A) line plot, (B) contour of surface, (C) contour of ridge, (D) contour 
of 3D surface.

Therefore, the tendencies of PMFA and MY were monotonously changed by increasing of grazing time. 

Furthermore, the single peak was obvious between 
increase PMFA and decrease MY (Figure 1B–D). 
In particular, white area related to the optimum 
time was stand out according to contour plot of 
ridge (Figure 1C).

In this study, assuming 100 % change of SFA 
and MUFA by grazing from 0 to 24 h, SFA and 
MUFA reached 58.68% decrease and 75.84 % 
increase respectively at the optimum grazing 
time. Furthermore the RN was decreased from 
5.53:1 to 2.24:1 by grazing in alpine grassland. 
150 years ago, the RN of human was originally 
1:1 ratio, whereas, it has become in turns given 
rise to an imbalance in the RN by change in fatty 
acid consumption (Simopoulos, 2009). The proper 
ratio or balance between ω-6 and ω-3 fatty acids 
was important in the prevention and treatment 
of cardiovascular disease (Gómez Candela et 
al., 2011). Therefore, we judged that it was able 
to product good quality milk can be obtaining a 
premium grade for at least 11 hours of grazing 
in alpine grassland. Besides, economic analysis 
was required in order to evaluate the 27 kg/ha of 
MY at the optimum. The MY is crucial to farmers 
due to directly association to income. According 
to economic analysis for Holstein cows in this 
study, the MY decreased by 15 % (1028.21 USD/
head), whereas, feed costs were reduced by 43 % 
(399.54 USD/head) comparing with that of non-
grazing system in the Republic of Korea (Sung et 
al., 2019). According to Balmford et al., (2008), 
reviews of wild nature loss was not about quantify 

the overall value of wild nature to human wellbeing 
like a loss of biodiversity and degradation due 
to infinity of nature. Furthermore, the MY 
could increase through suitable and continuous 
quality control like a pasture management, cow 
condition and barn management during the 
same grazing time (Hoogendoorn et al., 1992; 
Michel and Fulkerson, 1985). They reported that 
beneficial effect of increased grazing intensity 
on subsequent pasture quality and milk yields. 
Therefore, the optimum 11 hour of grazing time 
was likely to be minimum level, even considering 
not only direct and visible advantages, but also 
indirect and potential advantages from long-term 
environmental changes.

Discussion
About 11 hours grazing time was suggested focused 
on milk fatty acid and yield (27 kg/d) for Holstein 
cows as the optimum through eco-pastoral system. 
Although there was economic view based on prices 
of milk and forage, the optimum grazing time may 
be the minimum level since there was no prices 
can be taken into account the long termed and/or 
environmental benefits. This study will be helpful 
to select a time of grazing in alpine grassland for 
farmers who want to produce good quality milk.
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Exploring the variation in spatial landscape utilisation by cows in the pre- and post-partum 
period using GNSS technology 
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Abstract
On-animal sensors refer to systems that monitor the location, behaviour, or physiological characteristics 
of livestock. These technologies provide a method to overcome many of the challenges that are associated 
with monitoring livestock within an extensive grazing system. A global navigation satellite system 
(GNSS) could be used to detect the changes in spatial utilisation associated with when a cow has a calf 
at foot. In this study, forty pregnant Belmont Red heifers were fitted with GNSS collars programmed 
to provide a location reading at 5 minute intervals. The data was cleaned and mapped in ArcGIS to 
identify changes in paddock area preference in the week prior to (-7d to -1d) and following (1d to 7d) 
parturition. A total of 14 heifers calved during this period and an overall reduction in the total area 
utilised was observed following parturition. Ten animals showed a preference for the eastern-side of the 
paddock following calving. These results suggest that paddock utilisation by cows does change around 
parturition but is inconsistent. Further research is required to better understand this issue, however, this 
information could be used to inform management decisions around resource distribution in the post-
partum period to maximise productivity and animal welfare.

Introduction
In the days following calving, the energetic 
requirements of the cow increase drastically to 
meet the demands of milk production (McLennan, 
2015). Ensuring that these nutrient requirements 
are met is essential to calf growth, cow health, 
and reproductive productivity (Lents et al., 2008; 
Mulligan and Doherty, 2008). As such, it is essential 
that cattle are adequately managed during this 
post-partum period to maximise productivity and 
animal welfare. Research conducted in ungulate 
species have indicated that lactating dams reduce 
their home range size and have an increased 
preference for covered areas (Bertrand et al., 
1996; McGraw et al., 2011). We hypothesise that 
a similar trend can be observed in cattle, whereby 
cows will reduce their spatial utilisation in the 
week following calving. On-animal sensors could 
be used to detect these spatial changes in extensive 
grazing environments, without incurring the 
expenses associated with conventional monitoring 
and management. Consequently, the aim of this 
study was to explore paddock utilisation in the 
week prior to (-7d to -1d) and following (1d to 7d) 
calving, using global navigation satellite system 
(GNSS) technology.

Materials and Methods
All research procedures were approved by the 
Central Queensland University Animal Ethics 
Committee (application ID: 0000021144).

Animal location and management

The study was conducted at Belmont Research 
Station (23°13’S, 150°24’ E), 26km north of 
Rockhampton, Queensland, Australia for the month 
of October 2018. Forty primiparous Belmont Red 
(tropical Bos taurus) heifers were grazed in a 32 ha 
paddock, following confirmation of pregnancy in 
May 2018. Animals were fitted with GNSS collars 
(Mobile Action i-gotU GT-600 USB GPS Travel 
Logger, eXpansys Australia, Manchester, United 
Kingdom) programmed to obtain a latitude and 
longitude reading every 5 minutes.

The cattle were routinely checked over three 
periods each day – 0500h to 0600h, 0900h to 
1200h, 1300h to 1800h – to identify the birth of 
new calves. The greatest time between the birth of 
a calf and its identification was 12 hours. Where 
calves were born between 1800h and 0500h+1, 
the birth date was determined by an experienced 
operator through observation of the dryness 
and vigour of the calf, the presence of placental 
membranes on the mother, and the appearance of 
the umbilical cord of the calf. The birth date was 
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assigned accordingly.

Data collection and analysis

The raw GNSS data was exported in .csv 
format using @trip PC software (Mobile Action 
Technology, ShinDian, Taipei). The data was then 
processed and analysed using R statistical software 
(RStudio Inc., Boston, United States of America).

All erroneous readings, such as instances where 
longitude or latitude were zero, were removed 
from the data. The speed and distance were 
calculated between successive points using the 
‘geosphere’ package in R (Hijmans et al., 2019). 
Speeds over 5.39m/s and distances greater than 
1617m between successive points were removed, 
as per the maximum speed and distance described 
for cattle by Heglund and Taylor (1988).

The cleaned data was visualised in ArcGIS 10.6.1 
(ArcMap, ESRI, Redlands, United States of 

America). Data points falling outside the paddock 
boundaries were removed (Fogarty et al., 2015). 
A grid was generated over the paddock utilising 
20m × 20m cells and the data was mapped for 
the week prior to (-7d to -1d) and following (1d 
to 7d) parturition. The paddock was divided 
approximately in half along the north-south axis, 
such that the area was split into an eastern-side and 
a western-side (Figure 1). The eastern-side of the 
paddock primarily consisted of dense shrubs, whilst 
the western-side of the paddock was characterised 
by open grassland, containing improved and 
native species. The number of cells that contained 
more than one data point were counted for each 
side of the paddock. These counts were grouped 
by animal and exported in .csv format.

The data was imported into R and a boxplot was 
generated using the ‘ggplot2’ package (Wickham 
et al., 2020)

Figure 1: The experimental paddock was divided into the western-side and eastern-side. The eastern-
side of the paddock was characterised by a dense understory with shrubs, whilst the western-side of the 
paddock was primarily open grassland containing native and improved species.
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Results
Calving data

A total of 21 heifers calved during the observation 
period. Of the 21 animals that calved, four 
heifers experienced dystocia and calving related 
complications, and as such, the data from these 
animals were excluded from further data analysis. 
Complete records (data for -7d to 7d) were 
available for 14 of the remaining animals. The 
GNSS data was analysed for these 14 heifers over 
the experimental period.

GNSS data

There was a decrease in the area of the experimental 
paddock used following calving (Figure 2, Figure 
4a, Figure 4b).

There was a relative increase in the use of the 
eastern-side of the paddock and a relative decrease 
in the area utilised in the western-side of the 
paddock following parturition (Figure 3, Figure 
4a, Figure 4b).

Pre-calving paddock utilisation was even across 
the experimental site for all animals. Post-calving 
paddock utilisation was inconsistent. There were 
two different behaviour types observed – even and 
uneven distribution. Four heifers showed even use 
of the paddock following calving (see Figure 4c 
and Figure 4d for examples), whilst the remaining 
ten animals displayed a preference for the eastern-
side of the paddock following parturition (see 
Figure 4a and Figure 4b for examples).

Figure 2: The percentage 
of grid cells used before 
and after calving pre- 
and post-calving. There 
was an overall decrease 
in the total area utilised 
by cows after parturition

 
Figure 3. The 
percentage of non-
empty grid cells in the 
eastern- and western-
side of the paddock in 
the week prior to and 
following calving (n = 
14). Cattle showed an 
increased preference 
for the eastern-side of 
the paddock following 
parturition.
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Figure 4: Examples of the two main styles of paddock utilisation in the pre-calving (a, c) and post-
calving (b, d) periods. Heifer 1 (a, b) showed a strong preference for the eastern-side of the paddock in 
the week following calving, whilst heifer 2 showed even distribution of spatial use in both periods.

Discussion
The results indicate that spatial utilisation changes 
post-partum in some heifers, and is detectable 
using GNSS technology.

There was an observed decrease in the percentage 
of grid cells used on the western-side of the 
paddock following parturition and a decrease 
in the overall number of non-empty grid cells 
(Figure 2, Figure 3). This suggests that the cattle 
reduced their movement range and increased the 
time spent on the eastern-side of the paddock 
following calving. Visualisation of the individual 
animal GNSS data highlights that the majority of 
the animals (n = 10) showed this behaviour. We 
suggest that this inclination for the eastern-side of 
the paddock could be attributed to a preference for 
the vegetation type and/or the location of a calf 
creche.

The eastern-side of the paddock consisted of a 
dense understory of shrubs, which could provide 
increased cover and safety from potential 
threats, particularly in early life when calves are 
vulnerable. Similar trends were observed in deer 
(Grovenburg et al., 2010), moose (Bjørneraas et 
al., 2011; McGraw et al., 2011), elk (Pitman et al., 
2014), and pronghorn (Canon and Bryant, 1997).

All cattle that did not show a preference for the 
eastern-side of the paddock following calving 
were the first to give birth in the herd. We observed 
cattle in this group displaying hiding or following 

behaviour, whereby dams either hid their calves 
in thick vegetation or were accompanied by their 
calves whilst they grazed. This behaviour was 
seen up until 16 October 2018, at which point we 
theorise that a threshold number of calved cows 
had been reached and cattle began to group their 
calves together in a creche with one guardian cow 
monitoring them (Sato et al., 1987). This creche 
was established on the eastern-side of the paddock.

These results indicate that whilst some cattle 
display clear changes in spatial utilisation with 
a calf at foot, others do not. Further research is 
required to investigate the impact of calving order, 
parity, and environmental variation on paddock 
utilisation and creche formation.

The ability to identify cattle spatial preferences 
in the post-partum period, particularly in 
rangeland environments, would be a valuable 
management tool for targeted animal management 
during this critical time. This information could 
assist producers with ensuring that animals are 
appropriately managed through the distribution 
of resources, such as water or supplementation, to 
maximise productivity and welfare.
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Dairy cattle genetics by environment interaction mismatch contributes to poor mitigation and 
adaptation of grazing systems to climate change actions in the Peruvian high Andes: A review 
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Abstract 
The high Andes of Peru includes fragile ecosystems. Nevertheless, it plays important ecosystem functions 
(e.g., biodiversity, water supply for the lowlands, CO2 sinks in soil, etc). More than 80% of the livestock 
population of Peru is farmed in this area, supporting the livelihood of approximately 1’400,000 poor 
families, who are vulnerable to climate change (CC). Climate change in the high Andes is occurring at 
accelerated rates, compared to lowlands regions. Prevalent factors in the high Andes, such as hypoxia, 
high UV radiation, climatic extremes, large variation between maximum and minimum temperatures, 
seasonality in rainfall (determining highly seasonal forage growth) and CC, not only increase the 
feed and water needs of animals, but also affect animal production, reproduction, rumen function and 
welfare, making them more vulnerable to CC. During the last three decades, livestock farming in the 
high Andes has undergone transformation. The farming of camelids and creole species has been almost 
replaced by smallholder dairying, which have a higher environmental footprint. Institutions promoting 
dairying neglect the fitness requirement for the animal genetics to perform in such environments. Recent 
work of the New Zealand Peru Dairy Support Project (NZPDSP; 2016‒2020) demonstrated that rapid 
and significant improvements in animal productivity and profitability of dairying can be achieved by 
promoting adoption of simple and low-cost husbandry practices. Nevertheless, further improvements 
are constrained by the unfitness of the current animal genetics. Here, based on a literature review and 
experience from the NZPDSP, we propose a search for dairy cattle genetics that contributes to mitigation 
and adaptation to CC, while enhancing the livelihoods of the poor.

Introduction 
The Andes are home to varied biotic communities 
and diversity of species; reasons by which it is 
recognized as the most important global biodiversity 
hotspot (Tovar et al., 2020). This great biodiversity, 
the ecosystem services and sustainability of 
Andean agriculture are threatened by CC (Tito et 
al., 2017). Indeed, CC at high-altitude ecosystems 
is occurring at an unprecedented rate (You et al., 
2019). According to INEI (2013), 73% of cattle, 
94% of sheep and 100% of camelids are found in 
the Andes, providing the livelihoods to 1’400,000 
smallholder families. INEI (2013) reported that in 
2012 there were 5’156,000 cattle, 9’532,200 sheep 
and 3’685,500 alpacas, representing increases 
of 15, -21 and 50%, respectively, in relation to 
those reported for 1994. During the last decade, 
specialization towards dairying has occurred 
and likely the cattle population has increased 
even further. Now, Brown Swiss dairy cattle are 

a predominant feature of the Andean landscapes, 
whereas the farming of creole cattle and sheep, 
and camelids is only marginal.

Dairy farming at the Peruvian Andes has been 
aggressively promoted by state and mining 
institutions. It is attractive to smallholders because 
it provides them with a continuous income.  
However, the sustainability of the current system is 
questionable given that it requires high inputs and 
is reliant on subsides (NZPDSP 2020). Efficient 
production of milk by specialized genotypes is 
highly dependent on consistent supply of high-
quality feed, water, and other inputs, which are 
scarce in the Andes. Furthermore, the evident 
mismatch between the characteristics of the 
predominant animal genotype and the prevalent 
conditions in the Andes is a determining factor for 
the poor production performance and profitability 
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(NZPDSP, 2020). Andean dairy farming possibly 
has the highest environmental footprints of 
global livestock production systems. Addressing 
sustainability and CC issues in the livestock sector 
requires harmonizing synergies and reducing trade-
offs between mitigation, adaptation, productivity, 
food security, animal welfare and general health 
(Orchard et al., 2020). In pastoral farming, the 
animal defines the efficiencies in the cycle of 
nutrients and energy flow, and consequently 
the environmental impact. The prevailing dairy 
genetics in the Andes is unfit to perform at the 
severe biotic and abiotic conditions of the Andes. 
Here, based on a literature review and experience 
from the NZPDSP, we propose a rethink of the 
traits that dairy cattle should have to contribute 
to mitigation and adaptation to CC in the Andes, 
while improving the livelihoods and food security 
of the population involved.

Prevailing abiotic and biotic factors at the Andes 
limiting animal production.

The Andes climate is turning warmer and drier 
(Michelutti et al., 2015), with likely negative effects 
on pasture physiology, botanical composition, 
productivity, and forage quality (Ghahramani 
et al., 2019). Warming also increases the risk of 
pests and diseases, as well as heat and water stress 
in animals. Hypoxic stress is perhaps the most 
important single factor determining animal health, 
production, and reproduction performances of 
non-adapted genotypes. High mountain disease 
can be an acute or chronic response to hypoxia. 
At high altitude, basal metabolism of non-adapted 
animals can be up to 30% higher than at lowlands 
(Qiao et al., 2013), and up to 50% higher compared 
to that of adapted species (Han et al., 2003). High 
altitude also affects rumen microbiome diversity 
and function (Zhang et al., 2016; Wu et al., 2020), 
with consequent decreases in feed digestibility and 
concentration of volatile fatty acids but increases 
in CH4 production. 

The Andes due to its latitude, altitude, glacier 
retreat and lack of cloudiness has high solar 
radiation, having the highest UV index in the 
world. The maximum temperatures have little 
variation throughout the year, whereas the 
minimum temperatures drop during the dry 
season (winter). Heat stress may be a serious issue 
during the dry season, aggravated by the lack of 
shade and drinking water. Han et al (2003) have 
reported that exposure to solar radiation at high 
altitude may increase basal metabolism of cattle 

by up to 50%, compared to that on shade. The UV 
radiation negatively affects animal health as well 
as forage production and quality and feeding value 
(Comont et al., 2013). The low seasonal rainfall 
and shortening, high evapotranspiration (ET), a 
short frost-free period, and poor soil fertility in 
the Andes limit pasture growth. ET is not only 
high compared to that in the lowlands, but it is 
increasing due to CC (Torres-Batlló et al., 2020). 

Characteristics of the current Andean dairy 
farming 

Dairying in the high Andes is a relatively recent 
development (~3 decades). It is generally based 
on feedlot principles (NZPDSP, 2020). Supply of 
cut forage and concentrates feeding are favoured, 
whereas pasture management is neglected. 
Animals are already of high genetic merit and the 
trend is the use of purebred Brown Swiss of large 
body size imported via AI and embryo transfer 
from breeding programs suited to intensive 
feedlots. Feed requirements of the herd are almost 
constant across the year because calving is not 
seasonal, whereas the home-grown feed supply is 
highly seasonal. Excess pasture from summer is 
not conserved, but oats are grown specifically for 
hay that is harvested at full maturity, and hence of 
very poor quality.

Feed management does not respond to the 
requirements of animal classes. Drinking water is 
provided 2 or 3 times a day. Cows are in a body 
condition far below the recommended scores, 
which is also an animal welfare issue. Age at first 
calving is around 3 years and calving intervals are 
generally more than 18 months. Calf mortality is 
high. Cold stress, especially during the dry season 
is exacerbated by poor body condition, poor feed 
supply and milking. Cows are housed overnight 
for ~18 hours. Cow sheds are rarely cleaned, 
implying a huge environmental impact and loss 
of potential soil fertility (export of nutrients in 
excreta). Cow sheds also have implications on 
animal health, mortality, and milk quality. The 
dairying boom is likely aggravating the condition 
of the native grasslands, which are already in 
a severe process of erosion and loss of carrying 
capacity. The government runs a subsidised 
pasture sowing program, which in some degree 
turns native grasslands into pastures, with 
subsequent release of soil organic carbon. If new 
pastures are poorly sown and subsequent support 
for pasture management is not provided, the state 
of the grasslands can be jeopardised.   
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Improving the productivity, profitability, 
resilience, and adaptation to CC of Andean 
dairying 

In principle, mitigation and adaptation to CC 
in the Andes should be based on exploiting the 
fitness of the local genetic resources (i.e., camelids 
and creole species). However, these resources 
are in the process of erosion due to the neglect 
by the academia, policy makers and influential 
institutions. Instead, Andean dairying has been 
greatly favoured despite its likely high production 
and environmental costs. Nevertheless, due to 
the large number of smallholders involved in this 
activity, improvement of the current levels of 
productivity, profitability and sustainability needs 
to be sought. In this direction, the recent work 
of the New Zealand Peru Dairy Support Project 
(NZPDSP, 2020) had demonstrated that rapid 
and significant improvements in productivity and 
profitability are feasible by applying improved 
animal husbandry practices that are simple, of 
little or nil cost, but of significant and rapid 
impact; hence, reducing its current environmental 
footprint (NZPDSP, 2020). In fact, permanent 
provision of drinking water, pasture and grazing 
management, management of body condition 
score, among other practices, are simple to be 
applied. Andean dairying is a complex system 
and interventions should be evaluated for system-
wide effects. One single major decision that may 
enhance productivity and decrease vulnerability 
to CC is establishing seasonal calving to match 
forage demand and offer, but this is a process that 
requires slow change. The current animal genetics 
are, however, a major cause of concern. The system 
involving highly specialised and large body size 
animals results in poor overall feed conversion 
efficiency, high cost of milk production and high 
environmental footprint. Andean dairying should 
be based on grazed pastures (cheapest source 

of metabolisable energy) to reduce costs. The 
grazing animal should be of medium or smaller 
size to counteract variability in feed supply and 
reduce maintenance/production ratio of feed 
requirements. Another positive effect of reducing 
body size would be the reduction of pasture 
trampling and soil compaction. 

No company in the world breeds dairy cattle 
for high altitude conditions. The objective of 
production should not be milk yield per cow 
per se, but production with the lowest cost and 
environmental impact. The best bet genetic 
approach for the Andes should use creole cattle in 
crossbreeding with medium or smaller size dairy 
cattle bred on grazing situations, to gain fitness 
and competitive grazing ability and efficiency of 
digestion of grazed forage (Waghorn 2002). Meat 
must be a by-product. Specialized double purpose 
cattle are not an option due to their large body size, 
lack of fitness, and lower energy efficiency but 
high environmental footprint compared to dairy 
breeds (Reynolds et al., 2011). 

Concluding remarks
Andean dairying provides a critical livelihood to 
many impoverished villagers. However, currently 
it is of low productivity, profitability, high 
environmental footprint and of high vulnerability 
to CC. Animal genetics is a key constraint for 
system improvement. Animal fitness traits need to 
be incorporated into genetic management aimed at 
lowering production costs, environmental impact, 
and vulnerability to CC.
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doi:10.3390/rs12010073.

Tovar, C., Melcher, I., Kusumoto, B., Cuesta, F., Cleef, A., Meneses, R.I., Halloy, S., Llambí, L.D., 
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Abstract
The present study was conducted to evaluate the nutritive value of mulberry leaves based apple pomace 
silage in Dr Y S Parmar University of Horticulture and Forestry, Nauni, Solan, Himachal Pradesh, India. 
In the study, the silage was prepared by mixing of maize, apple pomace (AP) and mulberry leaves in 
ratios of 80:10:10 (T1), 70:20:10(T2) and 60:30:10 (T3), and mixing of apple pomace with wheat straw 
in the ratio of 85:15(T4), and the silage prepared by using 100 per cent chopped  maize was taken as 
control. Silage bags were opened after a period of three months and the proportionate samples were 
drawn for nutritive analysis. The nutritive analysis of the silage samples revealed that the nutritional 
composition varied significantly on inclusion of apple pomace at 10, 20 and 30 per cent levels. 

Inclusion of apple pomace to the silage at 10% (T1) resulted in comparatively better nutritive parameters 
than recorded in T2, T3 and T4. The inclusion of apple pomace increased the silage CP in T1 (8.73%), 
T2 (8.37) and T3 (8.83%) compared to maize silage alone control (7.35%). The inclusion of apple 
pomace at 10, 20 and 30 % in T1, T2 and T3 respectively reduced the CF content to 25.67%, 22.72% 
and 21.53 % while the control had a CF content of 26.36%. AIA content decreased with the increase in 
the apple pomace content to 10, 20 and 30% in T1 (1.55%), T2 (1.35%) and T3 (1.25%) although the 
control with 100% maize silage was recorded to have the lowest AIA content with 1.04% suggesting that 
the silage was more digestible and high in minerals. Increasing apple pomace content in the silage at 10, 
20 and 30 per cent resulted in the significant decrease in the pH, DM, CP, EE, CF, NDF, ADF, TA and 
AIA. The inclusion of apple pomace at 10% can be successively utilized in animal feeding for obtaining 
optimum yield and production. 

Introduction
India is an agricultural country with nearly 70 
per cent of the population living in rural areas 
and rely on agriculture and its allied sectors for 
their sustenance and accounts for 28.4 per cent 
of the total GDP of the country (Anonymous, 
2020). The major constraint in animal production 
in the country is low green fodder availability 
in resource-poor rural areas and the reasons for 
shortage of feed and fodder are the increasing 
pressure on land for growing food grains, oil seeds 
and pulses while minimal attention has been paid 
to the production of fodder crops.

Apple (Malus domestica Borkh.) is a climacteric 
fruit cultivated in temperate regions of the world 
(Luby, 2003) with an annual production of 80.82 
million tonnes from an area of 5.21 million hectares 
(FAO, 2013). Himachal Pradesh is also called as 
“Apple bowl of India” being an important apple 

producer state of the country with 0.105 million 
hectare under cultivation (Kuniyal and Hemlata, 
2014). The residue left after extraction of juice 
from apple fruit is called apple pomace, which is 
an industrial waste and an environmental pollutant. 
Apple pomace is traditionally utilized as an animal 
feed ingredient, however, only a small fraction of 
apple pomace is used due to the rapid spoilage 
of the wet pomace. Apple pomace is highly 
succulent moist feed, providing a good source of 
digestible fibre that can be used as either a forage 
extender or concentrate feed. High moisture and 
fermentable sugar content of fresh apple pomace 
contributes to the rapid spoilage of the pomace and 
therefore requires either ensilage or dehydration 
of the pomace for longer preservation (Shalini et 
al., 2010; Crawshaw, 2004). Fresh apple pomace 
has an average of 4.5%CP content and it could 
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be effectively used as an alternative animal feed 
resource.  Mulberry foliage is characterized by 
high digestibility and excellent level of protein (20-
24%), which makes it comparable to commercial 
concentrates for dairy cattle. Mulberry foliage 
can be ensiled satisfactorily without the need for 
additives such as molasses or rice bran (Ba et al., 
2005). 

Due to the acute scarcity of green fodder during 
winters and extreme summers in Himachal 
Pradesh, the conservation of fodder in the form of 
silage holds a great potential to meet the nutritional 
demands of the ever growing livestock population 
of the state. Silage is the product formed when 
grasses or other fodder crops with sufficient 
moisture and soluble carbohydrate content (e.g., 
sorghum and forage corn) liable to spoilage by 
aerobic microorganisms is stored anaerobically. 
It is formed by the process referred to as ensilage 
which takes place in a vessel or structure called 
silo. Normally during ensilage, the fodder 
undergoes an acid fermentation in which bacteria 
produce lactic, acetic and butyric acids from 
sugars present in the raw material. The net result 
is a reduction in the pH which prevents the growth 
of spoilage microorganisms, the majority of which 
are intolerant to acidic conditions (Singh and 
Neelakantan, 2007). No study has been reported till 
date on utilization of apple pomace and mulberry 
leaves in the form of silage. Therefore, the study 
was undertaken to evaluate the nutritive value of 
mulberry leaves based apple pomace silage.

Materials and Methods
The study was conducted at the dairy farm of 
Department of Silviculture and Agroforestry, Dr Y. 
S. Parmar University of Horticulture and Forestry, 
Nauni, Solan, Himachal Pradesh during the years 
2018 and 2019 with the objective to evaluate the 
nutritive value of apple pomace based silage and 
to evaluate the effect to feeding apple pomace 
silage on milk performance of dairy cows. In the 
first experiment fodder maize (Var. African tall) 
was harvested from the university field at milk 
stage. Fresh mulberry leaves were lopped from 
the agroforestry farm. Fresh apple pomace was 
procured from HPMC Parwanoo HP. Silage was 
prepared by chopping the maize and mulberry 
leaves in lengths of about 1-1.5 inches by a cutter. 
The ingredients were mixed in the different ratio 
with following treatment details i.e. Control 
(100% maize silage), T1 (80% maize + 10% apple 
pomace + 10% mulberry leaves), T2 (70% maize 

+ 20% apple pomace + 10% mulberry leaves), T3 
(60% maize + 30% apple pomace + 10% mulberry 
leaf) andT4 (85% apple pomace + 15% wheat 
straw). The experiment was conducted using 
randomized block design with four replications 
under each treatment. The silage bags were sealed 
in air tight conditions and it was made sure that 
no air is trapped inside the bags. The bags were 
covered, sealed and stored for a period of 60 days. 
Representative samples were collected from silage 
bags after 60 days storage and pH, dry matter 
(DM), crude protein (CP), ether extract (EE), 
crude fibre (CF), neutral detergent fibre (NDF), 
acid detergent fibre (ADF), nitrogen free extract 
(NFE), total ash (TA) and acid insoluble ash 
(AIA) were determined according to the methods 
of Association of Official Analytical Chemists 
(AOAC 1990). The data recorded was analysed by 
using OPSTAT statistical software. 

Results
The results on nutritive value of apple pomace 
based silage are presented in table 1. The inclusion 
of apple pomace increased silage CP in T1 (8.73), 
T2 (8.37) and T3 (8.83) compared to maize silage 
alone control (7.35). The inclusion of apple pomace 
reduced the CF and increased AIA of the silage 
suggesting that the silage was more digestible and 
high in minerals. Increasing apple pomace content 
in the silage at 10, 20 and 30 per cent resulted in 
the significant decrease in the pH, DM, CP, EE, 
CF, NDF, ADF, TA and AIA. However, the NFE 
content in the silage recorded an increasing trend 
with the same (table 1). 

Inclusion of mulberry leaves in T1, T2 and 
T3 resulted in an increase in the CP content as 
compared to the control and T4. Although the 
CP contents decreased with increase in the apple 
pomace content, the content was higher than 
the control and T4, which can be credited to the 
inclusion of mulberry leaves as studies conducted 
by Shayo (1997), Ba et al., (2005), Alpizar et al., 
(2014) and Quadiri (2018) indicated that mulberry 
leaves have high CP (up to 22 %) content.

The study also revealed that inclusion of increasing 
contents of apple pomace in treatment T1, T2 and 
T3 resulted in decrease in CF, NDF and ADF 
contents. The CF, NDF and ADF contents were 
recorded highest in the silage which was made 
on addition of wheat straw and apple pomace. 
The ash and acid insoluble ash contents were 
also significantly influenced on addition of apple 
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pomace and mulberry leaves in the silage. Highest 
ash and AIA content was observed in treatment T4 
which subsequently declined on inclusion of apple 
pomace. The AIA content was recorded minimum 
in maize silage.

Discussion
Pirmohammadi et al., (2006) reported that ensiled 
apple pomace contained pH of 3.4 and 7.2% CP. 
They also reported that the maize silage contained 
a pH of 4.6 and 26.0% ADF. In another study 
(Khan et al., 2014) also reported that normal maize 
silage had 3.48%  EE and 21.3% ADF. Juracek et 
al., (2012) revealed that the maize silage contained 
4.14, 7.65, 3.23, 18.27, 27.91 and 4.54 (% DM) 
pH, CP, EE, CF, ADF and ash content, respectively. 

Kara et al., (2018) also reported that apple pomace 
silage contained 6.84 per cent crude protein and 
3.66 per cent ash content. The crude protein content 

can be increased to 8.69 per cent on addition of  50 
per cent pomegranate pomace. They also reported 
that apple pomace had a mean value of 32.08 per 
cent CF and 30.34 per cent ADF.

Works on utilization of apple pomace as silage 
on inclusion of wheat straw has been conducted 
by Rodrigues et al., (2008) who reported that 
ensiling of apple pulp with different amounts of 
wheat straw resulted in pH value of 4.34 and 3.99 
for inclusion of 70 and 85 per cent wheat straw 
respectively which were stored for a period of 60 
days. Nazir (2017) also revealed in his study that 
ensiled apple pomace with wheat straw at 85 per 
cent resulted in pH value of 3.34 and that the pH 
increased with the decrease in concentration of 
apple pomace mixtures. 

Table 1: The nutritive value of apple pomace 
based silage.

 pH DM CP EE CF NDF ADF NFE TA AIA
Control 
(100% 

Maize Si-
lage)

4.24a 33.20b 7.35d 4.27a 26.36b 38.65d 21.55e 54.38e 6.55b 1.04e

T1 (80% 
Maize + 

10% AP + 
10% mul-
berry leaf)

3.84c 29.20c 8.73a 4.10b 25.67c 48.38b 25.55b 55.36d 6.15c 1.55b

T2 (70% 
Maize + 

20% AP + 
10% mul-
berry leaf)

3.75d 25.74d 8.37b 3.87c 22.72d 42.55c 23.97c 59.79b 5.27d 1.35c

T3 (60% 
Maize + 

30% AP + 
10% mul-
berry leaf)

3.65e 22.91e 7.83c 3.55d 21.53e 37.15e 23.37d 62.73a 4.37e 1.25d

T4 (15% 
Wheat 

Straw + 
85% Apple 

pomace)

4.05b 39.11a 6.52e 3.29e 27.46a 50.59a 27.27a 56.18c 7.65a 2.15a

Overall 
mean 3.91 30.03 7.76 3.82 24.75 43.46 24.34 57.67 6.00 1.47

*Means bearing different superscripts within a column are statistically different to each other
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From the study it is evident that apple pomace 
along with mulberry leaves can be effectively 
included in maize based silage. On the basis of 
nutrient evaluation of apple pomace based silage 
treatment T1 (80% maize + 10 % apple pomace 
+ 10% mulberry leaf) was found to be the best 
silage.Study concluded that the apple pomace, 
which is a potential environmental pollutant can 

be effectively incorporated in the silage and can be 
utilized for animal feeding.
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Abstract

Three temporary ponds of Vettangudi birds sanctuary situate in very close proximity, located in 
Sivaganga District, Tamil Nadu state of India.  However similar eco-climatic conditions prevailing at 
these pond habitat, those ponds experience the varying nature of biotic interactions.  Since the habitat 
conditions and their land-use pattern have the major role on the vegetation diversity.  Temporary 
ponds of Vettangudi Birds Sanctuary has the characteristic alternate drying and inundation at varying 
levels and this environmental condition in addition to the biotic influence over the habitat ecology 
and its vegetation diversity.  Understanding this specific relationship is pivotal in the development of 
management guidelines in the pond habitat and wildlife management.  The aim was to investigate the 
floristic composition and diversity analysis of the floor vegetation of benthic and shore-line of temporary 
ponds of Vetttangudi Birds Sanctuary in four different seasons in a year.  A wide range of Sorenson’s 
similarity index was found existed among the experimental ponds.  Margleaf’s richness index values 
were also observed with variations and the occurrence of floristic composition and their diversity 
variations were attempted to relate with the prevalent habitat conditions, experienced with varying kind 
of biotic influence  

Introduction

Monitoring of wetland ecology is prime important 
to evolve long term management of natural 
resources (Khan et al., 2011). Faunal diversity 
has a strong qualitative effect on the structure of 
plant communities as they formed as the producer 
system (Gayet et al., 2012) and hence, vegetation 
aggregation in wetland habitats is the most important 
determinant factor.  The existence of vegetation 
community indicates the ecological health of 
wetland habitats (Lukács et al., 2013) and in this 
context; temporary pond vegetation may play an 
important role in the exchange of species between 
water bodies at the landscape scale (Nicolet, et al., 
2004). The diversity of local species community 
has a multifaceted functioning of ecosystems 
(Moneterro et al., 2013) significantly gets affected 
due to biotic interferences (Mac Arthur and 
Wilson 2007).   Ephemeral ponds in the dry topical 
environment, experience alternate wet and dry 
climatic zone makes the ecosystem with varying 
vegetation diversity and the associated depending 
communities (Mahesh and Kannan 2018).  The 
aggregation of floristic composition in relation 
to prevailing ecological conditions is essential to 
analyze to understand the shifting mechanism in 

the vegetation structure (Dé ath 2002).  Therefore, 
it is of paramount importance to adopt habitat or 
ecosystem-based management, as it was suggested 
for hard wood temperate forest (Laflamme et al., 
2016). In this present investigation, vegetation 
analysis was done over the dry benthic surface 
and raised bunds region of the temporary ponds of 
Vettangudi Birds Sanctuary, with the objective of 
comparing the two different sampling zones of the 
three temporary ponds, lying at close proximity 
having varying biotic disturbances.

Materials and Methods 
Three temporary ponds - Periyakollukudipatty 
(PKPTY), Chinnakollukudipatty (CKPTY) and 
Vettangudipatty (VKPTY) of a protected site to 
conserve avian diversity is located in Sivaganga 
District, Tamil Nadu, India were selected for the 
experiment.  Semi-arid eco-climate is prevalent in 
the ponds.  Further details on the habitat ecological 
conditions were provided in our previous work 
(Kannan and Mahesh 2016). Investigation of 
plant species occurred in the three experimental 
ponds, each at 12 randomly selected areas, over 
the dry benthic surface of the pond in the desiccate 
condition, following the summer period and over 
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the edge of the ponds along the raised bunds using 
list quadrat method was done. Enumeration of 
vegetation species was listed in December 2013, 
March, June and September 2014, to cover the 
entire year of the investigation specific seasons.  
Data collected on vegetation species were used 
to determine Margleaf’s richness index and 
Sorenson’s similarity index.   

Results and Discussion

Dry benthic surface vegetation

All–out search method was used to enumerate 
terrestrial vegetation emerged over the dry 
benthic surfaces of the experimental ponds and 
the investigation showed the existence of a total 
of 148 species included in 116 genera, belonging 
to 41 families. Poaceae family was found as 
dominant family with a representation of 24 
species, followed by Euphorbiaceae family with 
14 species, and Fabaceae family with 13 species.  
Tropical environment tends to favour to the 
emergence grasses, usually with a high count from 
Poaceae family (Saini et al., 2010), supports the 
result of this study. Twenty three families were 
found mono-specific, represented with a single 
species to each family. 

The occurrence of terrestrial vegetation over the 
dry benthic substratum of the experimental ponds 
showed variation between the three pond habitats 
in terms of the Sorenson’s similarity constant 
(Table 1). Number of individual plant species 
and the number of commonly occurred similar 
species were found relatively higher during the 
December 2013 period and during the rest of the 
experimental periods and thus, relatively higher 
species variability was found between the three 
pond habitats, during the sampling months of 
March, June and September 2014.

Shore-line of raised bund vegetation

The enumeration of vegetation over the raised 
bund of the experimental ponds shoreline revealed 
the total occurrence of 185 species, included in 142 
genera belong to 48 families. Among these, 17 per 
cent were emergent tree seedlings, 16% shrubs, 

4%lianas, 13% climbers and 50% herbs were 
found. Poaceae was found as dominant family 
with a representation of 20 species, followed by 
Euphorbiaceae and Fabaceae families with 16 
species to each family. Nineteen families were 
found mono-specific, represented with a single 
species to each family. 

Unlike to the dry benthic substratum area, 
the shore-line area of the raised bunds of the 
experimental pond habitats showed a mixed 
aggregation of terrestrial plants. PKPTY pond area 
showed the higher number of vegetation over the 
raised bunds during the December 2013 period; 
whereas, VKPTY habitat showed higher number 
of terrestrial vegetation in the months of March 
and June, 2014. CKPTY habitat was found with 
the higher number of floristic species aggregation 
during March and June 2014; followed by 
September 2014 and found least in number, during 
December 2013.  The existence of similar nature 
of terrestrial plant species was found in June 2014, 
followed during March 2014 and December 2013 
between the three habitats on their shoreline of the 
raised bunds.

Corresponding to the larger number of individuals, 
Margleasf’s species richness index was found 
higher and a declining trend on this index was 
noticed, whenever the occurrence of declining 
number of individuals (Figures 1 and 2), both 
in the dry substratum of the pond and the raised 
bund area of the analyzed habitats. The gradient of 
species richness among the three habitats of closely 
located temporary ponds could be attributable due 
to the varying nature of disturbances including 
environmental, biological and anthropogenic.  
Biotic attributes such as cover and species richness 
influence ecosystem function, as it was suggested 
by Galton et al., (2014), could be one among the 
reasons for the varying response among the pond 
habitats.  Higher rate of species richness often been 
shown to be beneficial, as they act as carbon sink 
and thereby, ecosystems become resilient (Hecks 
et al., 2004), due to the aggregated phyto diversity, 
analyzed in this study.
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Experimentel period Ponds Dry benthic surface Shore line
CKPTY VKPTY CKPTY VK-

PTY
Dec’13 PKPTY 0.66 0.69 0.44 0.64

CKPTY 1 0.74 1 0.59
Mar’14 PKPTY 0.55 0.63 0.65 0.61

CKPTY 1 0.69 1 0.63
Jun’14 PKPTY 0.54 0.65 0.59 0.69

CKPTY 1 0.69 1 0.73
Sep’14 PKPTY 0.48 0.67 0.57 0.66

CKPTY 1 0.61 1 0.66

Figure 1: Margleaf’s Richness Index analyzed on the desiccate pond surfaces, analyzed in the 
experimental ponds

Figure 2: Margleaf’s Richness Index analyzed at the shore line region of raised bund vegetation, of the 
experimental ponds

Conclusion

The survey on the phyto diversity of the temporary 
ponds further confirms the emphasis laid by 
King et al., (1996) that the extreme conditions 
prevailing in the temporary or ephemeral ponds 
could be attributable to the alternating wet and 

dry conditions, which further lead to be a unique 
ecosystem to hold the variety of macrophyta 
diversity.  A high degree of variation in the species 
occurrence was found in the present investigation   
could be attributable to the biotic interference, 
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along with the prevailed natural conditions at the 
experimental site.
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Abstract
Global charcoal production has more than tripled over the past 50 years from 17.3 million tons in 
Global charcoal production has more than tripled over the past 50 years from 17.3 million tons in 
1964 to 53.1 million tons in 2014. 61% of the present global charcoal production occurs in Africa, 
mostly to satisfy demand for cooking fuel from urban and peri-urban households. Despite the adverse 
environmental impacts associated with charcoal production, a significant global population relies on it 
for energy needs, while many producers depend on it as a livelihood source. Whereas this calls for efforts 
to promote sustainable charcoal production practices, this has to be informed by in-depth understanding 
of the charcoal value chain to guide interventions aimed at making it a sustainable economic activity. 
This study used household interviews, key informant interviews, and focus group discussions to gather 
data on the practices, actors, prices, and quantities of charcoal traded at different nodes of the value 
chain in Pokot Central, Kenya. The results revealed over 13 categories of actors who were directly 
and indirectly involved in the charcoal production and trade. These included tree owners, producers, 
bulking agents, transporters, brokers, retailers, wholesalers, and law enforcers (police and Kenya Forest 
Service guards). The findings showed that the producers mainly used traditional kilns. Charcoal trade 
was mainly dominated by middle traders who determined prices along the value chain, and charcoal 
prices varied widely from US$ 4 per 100 kg of charcoal at point of production to US$ 20 per 1 kg in 
urban centres. The higher prices at the urban centres were partly attributed to extra marketing costs 
associated with illegal fees paid to the law enforcers at road blocks during transportation. These findings 
point at the need to improve the production efficiency by use of improved kilns, and formalize charcoal 
trade to ensure standardization of prices and minimize exploitation of producers by brokers as well as 
corrupt law enforcers.

Introduction

Global charcoal production has more than tripled 
over the last 50 years from 17.3 million tons in 
1964 to 53.1 million tons in 2014 (Malimbwi 
and Zahabu 2009; FAO 2016). About 60% of this 
increasing volume is obtained in Africa (FAO 
2016), where it is primarily used to fulfil demands 
for cooking fuel from urban and peri-urban 
households (Ghilardi et al., 2013; Mwampamba 
et al., 2013). Current projections indicate that 
the total population of Africa is likely to double 
between 2015 and 2050 (UN 2015), which is 
anticipated to further increase the demand for 
charcoal due to rural-urban migration. Urban 
centres in Kenya have already recorded an 
increase in charcoal consumption by 64% over the 
last two decades (KIPPRA 2010). In Kenya the 
charcoal industry provides direct employment to 

approximately 700,000 people that include wood 
producers/ tree owners (land owners who cultivate 
multipurpose trees to meet different commercial 
needs), charcoal producers, transporters, and 
vendors (Njenga  et al., 2013). Annual revenue of 
approximately US$ 427 million has been collected 
by the county and national governments from 
charcoal licenses and business permits. This figure 
is projected to increase to well over US$ 12 billion 
by 2030 (Iiyama  et al., 2014). However, this can 
only be achieved for as long as charcoal remains 
inexpensive and readily available in comparison to 
alternative energy sources like liquified petroleum 
gas (LPG), kerosene, and electricity (Schure  et 
al., 2013).

As in many other parts of SSA, the production 
and marketing of charcoal in Kenya largely evade 
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the legal and fiscal instruments of the state. Most 
of producers are positioned somewhere along the 
spectrum of ‘legal-informal’ (for instance, when 
resource ownership and access are regulated 
through non-codified customary practices) and 
‘illegal-informal’ (such as when state authorities 
tolerate the unwarranted extraction of resources 
against petty bribes) (Bergmann  et al., 2019). 
In order to improve this situation, the Kenyan 
government passed the Forestry (2005) and Energy 
(2006) Acts, which specify a number of legal 
requirements and rules regarding the production, 
transportation and marketing of charcoal. This 
process of regulation of the charcoal value chain 
received further impetus with the adoption of 
the Forest (Charcoal) Rules in 2009. The policy 
provided for the introduction of a licensing scheme, 
investments in efficient production technologies, 
and the establishment of officially approved and 
institutionally arranged charcoal production 
systems (RoK 2009).

The widespread implementation of such policies 
has been curtailed by a number of misconceptions 
about the charcoal sector (Mwampamba  et al., 
2013) and numerous impediments resulting from 
highly bureaucratic procedures (Ghilardi  et al., 
2013) and informality, including customary tenure 
regimes (Bergmann  et al., 2019). The Kenyan 
government has attempted to control informal 
production by means of bans, most recently in 
2018. However, as experiences gained in other 
sub-Saharan countries show, neither formalization 
of existing practices (Kammen  et al., 2005), nor 
a complete ban of informal production (Jones  et 
al., 2016) warrants enhanced sustainability of the 
charcoal sector. Charcoal value-added potential 
(including options for taxation) is not fully tapped, 
available resources are often not used efficiently, 
and gross proceeds are far from being distributed 
equitably along the value chain. This study 
analysed charcoal production practices, actors 
and their roles, and prices at various stages of the 
charcoal value chain. The empirical case study 
focuses on Pokot Central sub-County, a rural dry 
land in north-western Kenya.

Materials and Methods
The study was conducted in Pokot Central, a 
sub-county of West Pokot County, located in the 
Rift Valley region of Kenya. Pokot Central has 

undergone intensive environmental and socio-
economic changes over the past 30 years (Petersen  
et al., 2021a), which led to an increased relevance 
of charcoal production as a livelihood, especially 
since the 1990s (Bergmann  et al., 2019). The 
study site was purposively selected because of 
the predominance of commercialized charcoal 
production in the area. Data was collected 
through household interviews using a semi-
structured questionnaire and was complemented 
by 42 KIIs, 6 FGDs and direct observations. The 
sample population for the study involved charcoal 
producers, traders, County Government officials, 
middlemen, as well as households that were 
not participating in local charcoal production. 
Information from KIIs and FGDs were collected 
and summarised to characterise the charcoal value 
chain, illustrating key players at various levels, 
their roles as well as marketing channels, and 
estimated prices.

Results
Value chain actors and their roles

The results revealed various actors who are 
directly or indirectly involved in the charcoal 
value chain, their roles and interactions (Figure 
1). Whereas the direct actors are commercially 
involved in charcoal market channels at different 
levels, indirect actors influence the functioning 
of the value chain, by providing specific support 
services or implementing legal provisions. 
Charcoal producers are the main stakeholders at 
the production stage and, therefore, key for the 
entire industry.  Bulking agents play an integral 
role of providing the market. Transporters who 
bring the charcoal from Pokot Central to the 
urban markets are hired by wholesalers from the 
respective towns.    Numerous other actors who 
claim their stake in the charcoal value chain 
at different levels (production, transportation, 
marketing, and consumption) are differentiated by 
the main activities that take place at the different 
levels. 
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Commercial small-scale charcoal production 
emerged as an important livelihood activity at 
Orwa Location, Pokot Central, during the 1990s. 
Today charcoal production is one of the key sources 
of regular and reliable income for a majority of 
households in the study area. As narrated by KIIs, 
the process of charcoal production (Figure 2) using 
traditional kilns involves preparing the wood, which 
can either be freshly cut or fallen trees. Then the 
kiln site is selected close to the source of the wood 
and possibly in the vicinity of rivers to provide 

sand for sealing the kiln and water for cooling 
the charcoal once the carbonization is complete. 
The kilns are regularly inspected to monitor the 
progress and to ensure the stack is evenly covered 
and no openings emerge. Whereas emission of a 
dense white smoke from the ventilations indicates 
moisture escaping from the wood, grey or black 
smoke indicates that carbonization is in progress. 
Emission of a light blue smoke indicates complete 
carbonization, which calls for complete sealing of 
ventilations to allow the coal to cool. 
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Figure 2: Process of Charcoal production. Source: Key informant interviews 
(N=42) and FGD (N=72)

Estimated costs, charcoal prices, and profits for 
actors along the value chain

Key informant interviews and FGDs revealed that 
a producer earns an estimate of US$ 4-4.5 (Ksh 
400-450) per 100 kg bag or an equivalent of US$ 
120 (Ksh 12,000) per month during the wet season 
when the weather is conducive. Interviews with 

officials from the Kenya forestry service (KFS) 
officials show that between 5 and 10 lorries with 
a capacity of 150-180 bags of charcoal are granted 
permit weekly to transport charcoal from Masol, 
Lomut, Wei Wei locations to urban centers of 
Eldoret, Kitale, and Kapenguria, and sometimes 
to Kakamega town and Kisumu city. Small scale 
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traders in between the major towns also buy 
small quantities. Not included are the illegal trade 
volumes that go uncaptured. Figure 3 presents 
estimates of costs incurred, traded volume, and 
prices at different levels of the value chain, from 
production level to end-user

Figure 3: Average charcoal prices and traded 
volumes per actor at various nodes of the chain as 
reported by KIIs and FGD participants (Recorded 
average prices of charcoal and traded volumes per 
actor at various nodes of the charcoal value chain 
in Central Pokot County.) - Source: KII (N=42) 
and FGD (N=72)

Discussion
The results of this study reveal that charcoal 
production in the rural Central Pokot County is 
entirely done using traditional earth kilns without 
any improved technologies. This may be attributed 
to relatively high investment and maintenance 
costs associated with these improvements. 
However, other charcoal producing areas in 
Kenya and Tanzania have already adapted more 
efficient ways by employing simple improvements 
or Casamance kilns (Malimbwi  et al., 2009; 
Giathi  et al., 2013). This shows that by proper 
intervention, the traditional production system can 
be improved though it calls for targeted programs 
to train producers.  The communally owned land 
and consequently freely available wood resources, 
furthermore lead to lower, or almost non-existing 
production costs in Pokot Central. In contrast 
to this, producers in other areas such as Kitui or 
Baringo County have to pay for wood, sourced 
from privately owned land (Mewnr  et al., 2013). 

While charcoal value chains from other areas 
include wood owners (Giathi  et al.,2013), Pokot 
Central does not include them. This is most likely 
due to the lack of privately owned land in the study 
area and the ongoing land demarcation in West 
Pokot County could thus alter the included actors 
(West Pokot County Integrated Development Plan 
-CIDP). Apart from wood or land owners, other 
studies reported additional groups of people who 

also contribute to and benefit from the charcoal 
trade. These could be wood cutters (Vasco  et al., 
2018, Jolien  et al., 2014) who are most likely a 
group for larger production sites, where single 
steps of the production process are outsourced. In 
contrast to Kambewa  et al., 2007, who reported 
that most charcoal transporters owned the charcoal 
they moved, most of the transporters involved 
in the trade from Pokot Central were hired by 
wholesalers to transport charcoal to certain 
destinations. Thus, wholesalers involved in the 
value chain from Pokot Central, not only incur 
costs for transportation permits or fuels, but also 
the wages of hired truck drivers. 

Unlike in other production areas, bulking agents 
or brokers play a central role in Pokot Central. 
The remoteness of many production sites that 
are further away from the main road and the 
good connections of the agents makes them an 
important actor group. Producers and the bulking 
agents in Central Pokot have a relationship that go 
beyond business and marketing, making it easier 
for them to trust each other with charcoal and cash. 
Nevertheless, the agents are the ones who determine 
the price per bag and control the market access, 
which results in a clear power disparity between 
the two groups. These hidden power relations and 
price negotiations are yet unclear and could be of 
interest for the future, when trying to increase the 
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agency and bargaining power of local producers. In 
other places like Kajiado and Baringo, middlemen 
usually have no such importance to the value chain 
and price development (Mewnr  et al., 2013), 
which can be attributed to the readily available 
market, better accessibility, and bulk production. 
The remoteness of Pokot Central also plays a role 
with regards to external shocks which affect the 
market access. A recent study from the same area 
showed, that producers suffered severe losses and 
subsequently faced existential crises, when their 
market access was cut off by the COVID-19 travel 
restrictions (Petersen et al., 2021b). This means, 
that value chains and their vulnerability towards 

certain shocks should be considered in national 
policies in the future.

Most of the costs incurred by transporters, 
wholesalers, and retailers were passed on to the 
consumers in form of higher charcoal prices. This 
finding is similar to those of other studies carried 
out in Kitui and Baringo Counties (Giathi et al., 
2013). In contrast to a study from Ghana, which 
found that producers have very low returns with a 
share of approximately 3% of the end price (Kwaku  
et al., 2018), producers from Pokot Central receive 
a comparatively large share of 20% of the overall 
revenues. 

Conclusions
The current mode of charcoal production in 
Pokot Central is a highly basic procedure which 
requires a high amount of time and human energy. 
The producers prefer the traditional earth kiln 
technology to portable metal kilns.
In total, 13 different groups of actors are involved 
in the charcoal value chain from Pokot Central. 
These play different roles at different levels, 
including production, transportation, marketing, 
and consumption. Their interactions range from bi-
directional, between two actors, to more complex 
interactions that involve several actors along the 
chain. 

While middle traders, such as bulking agents 
and wholesalers, are key in linking the producers 
and consumers in the charcoal value chain, their 
involvement increases charcoal prices. The 
charcoal value chain is a rather complex system 
which combines traditional production methods, 
unregulated informal relationships and formal 

institutions along the chain. The study shows 
how local conditions such as land tenure or the 
remoteness of production sites can affect the 
whole value chain and consequently in- or exclude 
certain actor groups. Future policies need to takes 
these findings into considerations as all actors need 
formalized and secured circumstances to secure 
their livelihoods.
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Abstract
On rangelands worldwide, cattle interact with many ecosystem components, most obviously with 
soils, plants, and other large herbivores. Since 1995, we have been manipulating the presence of cattle, 
mesoherbivores, and megaherbivores (elephants and giraffes) in a series of eighteen 4-ha (10-acre) 
plots at the Kenya Long-term Exclosure Experiment. We have demonstrated a wide array of cattle 
effects on this savanna rangeland, including their reduction of grass cover, wildlife use, and soil nitrogen 
and phosphorus pools, but their increase of primary productivity and termite abundance. Strikingly, 
we demonstrate that the presence of mega-herbivores (elephants, mainly) reduces the sizes of these 
cattle. We provide further experimental evidence that this may be because the elephants are reducing 
the most desirable (N-rich) forage, causing cattle to slow their extraction of (low-N) grasses, while 
simultaneously reducing tree cover.

Introduction
There have been many studies of wildlife 
ecology in Africa’s arid-and semi-arid lands, and 
considerable experimental research of the effects 
of cattle on savanna ecosystems, However, most 
of this research has occurred in protected wildlife 
areas or livestock research stations, respectively. 
Although wildlife and livestock share much 
of their grassland ecosystems, there have been 
virtually no experimental studies of livestock and 
wildlife in the vast rangelands that they share.

One the one hand, there is considerable evidence 
that livestock production has long been compatible 
with the maintenance of considerable biodiversity 
(Reid 2012), and sometimes continues to be 
(Ranglack and du Toit 2016, Kiffner et al., 2020, 
Tyrell et al., 2020). However, this does not 
mean that the relationship between livestock and 

biodiversity is without conflict (Reid 2012). At 
the very least, resources consumed by livestock 
and not available to wildlife (Young et al.,  2018). 
Teasing apart these complex relationships ideally 
involves controlled replicated manipulations 
of both livestock and wildlife. The Laikipia 
ecosystem in Kenya is an ideal site for such 
research, encompassing a full range of land-use 
properties, with differing levels of livestock and 
wildlife presence.

Materials and Methods
It was to fill these gaps in our understanding of 
the ecological relationships between livestock 
and biodiversity that we established the Kenya 
Long-term Exclosure Experiment (KLEE). The 
study site is a wooded savanna rangeland on black 



726

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

cotton soils located at 1800mm asl (0º 17’ N, 36º 
52’ E) on Mpala Research Centre in Laikipia, 
Kenya (Young et al., 1997). Mpala Ranch and 
Conservancy maintain moderate levels of livestock 
production as well as a nearly full complement of 
native wildlife (less black rhinos).  Since 1995, we 
have been excluding from 4 ha plots six different 
combinations of a) livestock (cattle: C), b) meso-
wildlife (W), and c) mega-herbivores (elephants 
and giraffes: M). The six treatments (O, C, W, WC, 
MW, MWC) were in arranged in three replicate 
blocks.

In each of the 18 experimental plots, we regularly 
carry out a) semi-annual estimates of herbaceous 
vegetation cover by species using pin frames, b) 
semi-annual dung counts of all larger mammal 
species, c) occasional counts of all trees >1m tall, 
and d) occasional assessments of soil nutrients 
and net primary productivity (NPP). For detail 
methods, see (Young et al., 1997, Young et al., 
2018, Kimuyu et al., 2017, Charles et al., 2017, 
Sitters et al., 2020)

Results and Discussion
This experiment has yielded many fascinating 
patterns concerning the relationship between 
livestock and wildlife. The overall tenor of these 
studies is that cattle have pervasive ecosystem 
impacts, but that the presence of mega-herbivores 
(elephant, mainly) mitigate many of these effects. 
We present here a summary of this research, 
carried out by KLEE researchers.

1. Elephants reduce cattle foraging efficiency

It appears that cattle reduce their foraging 
efficiency in plots to which elephants have access. 
In these plots, cattle take more steps per minute, 
and fewer bites per minute, in plots from which 
megaherbivores have been excluded (Odadi et al., 
2009). We suggest that this is because elephants 
are eating key forb species needed by cattle, but not 
eaten by zebras (Odadi et al., 2013).  Giraffes, the 
other megaherbivore excluded in these plots, do not 
feed on the herbaceous layer below 0.5m (Young 
and Isbell 1991), therefore these megaherbivore 
effects are presumably due entirely to elephants. 
The reduction in cattle use in plots accessible to 
elephants appears to have many cascading effects, 
demonstrated experimentally in KLEE. 

2.  Elephants mitigate the competition between 
cattle and zebras.  

a. Elephants mitigate reduction of grass (plant) 

biomass by cattle

In the absence of elephants, cattle reduced grass 
cover by 24-26%. Surprisingly however, in the 
plots to which elephants also have access, cattle 
reduced grass cover by only 14% (Young et al., 
2005, Veblen et al., 2017).  This is likely due to 
the reduction in cattle foraging with the presence 
of elephants (see above).

b. Elephants mitigate reduction in zebra habitat 
use by cattle

In the absence of elephants, cattle reduce plot 
use by zebras by 72%, consistent with their large 
dietary overlap and their reduction in grass cover 
(see above).  Again however, in the plots to which 
elephants also have access, cattle reduced the 
presence of zebras by only 28% (Young et al., 
2005).  This is partly because elephant themselves 
compete with zebras (for grass), but also because 
elephants forage in a way that reduces cattle 
foraging (Odadi et al., 2009), leaving more behind 
for the zebras (see above).  

c. Elephants mitigate reduction in other wildlife 
habitat use by cattle

This mitigation is part of a broader pattern in 
which cattle reductions in habitat use by wildlife 
(50% reductions) are less in the presence of 
elephants. Surprisingly, cattle reduced habitat 
use by browsers at least as much as by grazers 
(Kimuyu et al., 2017), and this suppression is also 
reduced by the presence of elephants

3. Elephants mitigate the soil nutrient depletion 
by cattle

Cattle also reduce soil N and P, likely through 
daily export to overnight bomas. But once again, 
the presence of elephant reverses this effect of 
cattle (Sitters et al., 2020). Here, the cause again 
may be suppression of cattle foraging, but may 
also include input of woody litter from elephants 
feeding on Acacia trees (see also Landman et al., 
2019).

4. Elephants mitigate the stimulation of primary 
productivity by cattle 

 In grasslands, an absence of herbivores can 
result in self-shading among grasses, leading to 
“rank” vegetation that has reduced productivity 
(NPP). It has been suggested in several African 
ecosystems that moderate herbivory actually 
increases rangeland productivity by removing 
these dead shading leaves, even if sufficiently 
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high grazing levels can reduce NPP. Data from 
KLEE confirm greater NPP in plots with cattle at 
moderate densities, measured independently with 
both moveable cages and satellite NDVI (Charles 
et al., 2017). However, this increase is reduced in 
the presence of megaherbivores (Charles et al., 
2017). While this could be due to the suppression 
of cattle foraging by elephants mentioned above, it 
may also be a result to the reductions in NPP that 
occur at sufficiently high grazing intensity.

5. Elephants mitigate the bush encroachment 
(and termite abundance) caused by cattle 

When cattle grazing is intense, it can be associated 
with increases in woody cover in semi-arid Africa 
(“bush encroachment”), perhaps because of 
reduction in the abundance of competing grasses 
(refs). In KLEE, we have some evidence of 
greater woody cover in plots with cattle even at 
moderate densities (Wilkerson et al.,  2013), and 
in heavy grazing subplots (T. Young, unpublished 
data). Conversely, there is considerable evidence 
that elephants can reduce woody cover, and 
convert woodlands to grasslands (Guldemond 
and Aarde 2008). Similarly, the KLEE plots to 
which elephants have had access for the past 25 
years have 18% fewer trees than plots from which 
they had been excluded (Charles et al., 2021). We 
have separately demonstrated with both natural 
variation and experimental tree thinning that there 
are complex implications for vegetation and other 
wildlife of reductions in tree density (Riginos 
and Grace 2008, Riginos 2015). This includes the 

pattern that greater densities of termite mounds 
were associated with cattle presence and greater 
tree density. Again, these appear to be reversed by 
megaherbivores (Charles et al., 2021).

Conclusions
It is encouraging that megaherbivores (mainly 
elephants, here) reduce the mainly negative effects 
of cattle in this savanna rangeland. However, it 
appears that a prime reason that this mitigation 
occurs is that elephants reduce the foraging 
of cattle, effectively reducing their ecosystem 
impacts, but also presumably reducing their 
own productivity, at a potential cost to livestock 
operators.
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Abstract
Vegetation type can affect soil microbiology in agroforestry systems. Plants release different organic 
exudates in the rhizosphere, affecting microbial growth. This study evaluated the effect of forage cactus 
intercropped with different tree legumes on soil microbial biomass. The research was performed in 
a tropical semiarid Regosol at Caruaru Experimental Station, Agronomic Institute of Pernambuco, 
Northeast Brazil. Treatments included: i) Gliricidia sepium (Jacq.) Steud and forage cactus IPA-Sertânia 
(Nopalea cochenillifera Salm Dyck); and ii) Leucaena leucocephala [Lam.] de Wit.) and forage cactus 
IPA-Sertânia. Treatments were allocated in a randomized complete block design in a split-split-plot 
scheme, with four replications. Main plots consisted of agroforestry system, split-plot was the distance 
from tree rows, and split-split-plot soil depths. Organic fertilization with cattle manure was applied 
aiming a rate of 200 kg N ha-1. Tree legumes were planted in double rows spaced 9 x 1 x 0.5 m and 
cactus planted between double rows spaced by 1 x 0.25 m. Plot size measured 960 m2. Soil collection 
occurred in the rainy period (April 2019). Samples were collected at depths of 0-10 cm and 10-20 cm 
at 0, 1.5, 3.0, and 4.5 m away from legume rows. Response variables included soil basal respiration 
(SBR), microbial biomass C (C-mic), and metabolic quotient (qCO2). Data were subjected to analysis of 
variance using SAS. Means were compared by Tukey test at 5% significance. No significant difference 
was observed for SBR, MBC, and qCO2, with average values of 9.36, 202.98, and 0.05, and standard 
error 1.16, 10.90 and 0.01, respectively, in the different distances away from tree legumes. Introduction 
of arboreal legumes did not cause changes in microbial biomass. Microbial activity was similar in soils 
under forage cactus intercropped with Leucaena or Gliricidia.

Introduction
The forage cactus (Opuntia sp. and Nopalea sp.) is 
a viable alternative in animal feeding in semi-arid 
tropical environments because it is adapted to the 
edaphoclimatic conditions. In Brazil, it is estimated 
that there are approximately 600 thousand hectares 
cultivated with forage cactus (Dubeux Júnior et 
al., 2013). The intercropping of cactus with tree 
legumes allows the complementation of the levels 
of protein and fiber for the ruminant diet (Goveia 
et al., 2016), increases the availability of N in the 
system, and promotes greater litter deposition. 
The N input favors the process of nutrient cycling, 
by adding material with low C:N ratio (Oli et al., 
2018), resulting in improvements in the chemical, 
physical, and biological characteristics of the soil. 
Microorganisms, because they are responsible for 
various ecological functions of the environment 

and sensitive to changes in land use (Gessner 
et al., 2010), are commonly used as soil quality 
indicators, through analysis of microbial biomass 
carbon, microbial respiration, and metabolic 
quotient. Studies show that plant cover and 
management practices adopted in agriculture are 
among the factors responsible for variations in 
the soil microbial community (Azevedo et al., 
2019; Ren et al., 2019). Recently, changes in 
soil microbiota have been identified in a transect 
gradient moving away from legume rows (Lira 
Junior et al., 2020). Thus, the objective was to 
evaluate the effect of intercropping tree legumes 
with forage cactus on microbial biomass and 
microbial activity of the soil.
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Material and Methods
The study was conducted at the Caruaru 
Experimental Station of the Instituto Agronômico 
de Pernambuco, IPA (8º 14’ S and 35º 55’ W). 
According to FAO (2014), the predominant soil 
in the experimental area is Regosol. The climate 
of the site is dry and hot semiarid, classified as 
BSh in the Köppen classification, with average 
rainfall of 727.1 mm/year. Treatments tested 
included: i) forage cactus IPA-Sertânia (Nopalea 
cochenillifera Salm Dyck) and Leucaena 
[Leucaena leucocephala (Lam.) de Wit.]; ii) forage 
cactus IPA-Sertânia and Gliricidia [Gliricidia 
sepium (Jacq.) Steud]. The experimental design 
was in randomized blocks with four repetitions, in 
a scheme of split-split plots. The main plot was 
formed by the intercropped systems, the split-
plot constituted by the distances from the central 
row of tree legumes (0.0; 1.5; 3.0; and 4.5 m) and 
the split-split plot formed by the soil layers (0-10 
and 10-20 cm). The experiment was established 
in March 2011. The tree legumes were planted in 
three double rows (each plot), spaced 9 x 1 x 0.5 
m, with the forage cactus IPA-Sertânia planted 
between the double rows at 1 x 0.25 m spacing 
(Miranda et al., 2019). The density of tree legumes 
was 4,000 plants/ha and forage cactus 32,000 
plants/ha. In June 2018, the experimental area 
was fertilized with bovine manure to supply 200 
kg N ha-1. The soil was collected in April (rainy 
season) in depths 0-10 and 10-20 cm to 0.0, 1.5, 
3.0, and 4.5 m from the central row of legumes. 

Soil basal respiration (SBR) was determined by 
quantifying the C-CO2 released by the microbial 
respiration process (Mendonça and Matos, 2005). 
The C content of microbial biomass (C-mic) was 
estimated by the irradiation-extraction method 
(Islam; Weil 1998). The metabolic quotient 
(qCO2) was calculated by the ratio between SBR 
and C-mic (Anderson; Domsch 1993). The data 
were submitted to variance analysis using the 
SAS/STAT® 14.1 Proc Mixed (SAS 2015) and 
treatment averages were compared by PDIFF and 
adjusted to Tukey (P<0.05).

Results
No significant difference (P>0.05) was observed 
between the different intercropped systems, the 
distances from tree legumes, and soil depths. The 
average values observed for SBR, C-mic and 
qCO2 were 7.7 µg C-CO2 g

-1 d-1; 177.6 mg kg-1, 
and 0.05 µg C-CO2 g

-1 C-mic d-1 in the 0-10 cm 
depth , while in the 10-20 cm depth they were 
10.9 µg C-CO2 g

-1 d-1; 228.3 mg kg-1, and 0.05 µg 
C-CO2 g

-1 C-mic d-1, respectively (Figure 1).

Figure 1: Soil basal respiration (SBR), soil microbial 
biomass carbon (C-mic) and metabolic quotient (qCO2) 
in intercropped systems with forage cactus in the 0- to 
10- and 10- to 20-cm soil depths. C+L: intercropped 
forage cactus and Leucaena; C+G: intercropped forage 
cactus and Gliricidia. The bars indicate the standard 
error of the average.

Discussion
The activity and microbial biomass were similar 
in the different cropping systems (Figure 1). The 
results found in this study are similar to soils 
under cultivation of native vegetation in tropical 
environment (Cardozo Junior et al., 2016), 
indicating that intercropped forage cactus systems 
are sustainable and beneficial for microbial 

biomass. It is worth noting that the low values 
of qCO2 found in the two depths indicate that 
microbiota is being efficient, losing less CO2 per 
unit of biomass, resulting in a greater incorporation 
of carbon in the microbial cells (Müller et al., 
2014), indicating greater microbial diversity. 
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Conclusions
Microbial activity and microbial biomass were 
similar in different cropping systems using forage 
cactus and tree legumes (Leucaena and Gliricidia).
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How does N fertilization or forage legumes affect forage and animal production? 
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Abstract
Livestock grazing in tropical climates is characterized by low productivity. Forage and animal 
production can be improved by applying nitrogen (N) fertiliser or using forage legumes. This 2.5-yr 
study assessed the canopy structure and productivity of beef cattle grazing either a mixed pasture of 
Brachiaria brizantha cv. Marandu (palisadegrass) and Arachis pintoi (forage peanut) cv. BRS Mandobi 
or a Marandu palisade grass monoculture with or without N fertilisation. The experiment was carried 
out in Southeast Brazil, where the canopy structure (herbage mass) and animal productivity (stocking 
rate and liveweight gain per ha) were compared for three types of pastures: 1) mixed pasture of Marandu 
palisade grass and forage peanut (GRASS+LEGUME); 2) a monoculture of Marandu palisadegrass 
fertilised with 150 kg N/ha/year (GRASS+N); and 3) monoculture of Marandu palisadegrass without 
N application (GRASS), under continuous stocking. A minimum of two Nellore heifers and additional 
put-and-takes were used to keep canopy height at 20-25 cm. A randomized complete block design was 
used with four replicates; seasons were considered repeated measurements over time. Herbage mass was 
greater in the GRASS+N pasture (P < 0.001); however, in the last three seasons (Spring II, Summer III, 
and Fall III), there was no difference to GRASS+LEGUME pasture. In the GRASS+LEGUME pasture, 
there was an increase of legume mass (1.260 to 2.565 kg/ha) and botanical composition (23.6 to 39.1% 
of legume in forage mass) throughout the study. The stocking rate (P < 0.001) and liveweight gain per 
ha (P < 0.001) were greater in GRASS+N, without difference among GRASS+LEGUME and GRASS 
pastures in the first seven seasons. In the last three seasons, with an increase of legume proportion, 
stocking rate and liveweight were intermediate for GRASS+LEGUME pasture. Legume increased 
herbage mass and animal productivity in the long term. Immediate responses were achieved with N 
fertilization.

Introduction
Brazilian beef production is of great global 
importance as Brazil has the largest commercial 
herd of cattle in the world (USDA 2019). In Brazil, 
most grass-beef operations rely on pastures of the 
Brachiaria genus. Recently, nitrogen (N) fertiliser 
application is becoming a more common practice, 
which may result in increases in forage and 
animal productivity of tropical regions (Delevatti 
et al., 2019). However, its use may be limited 
by costs and distribution logistics, since the beef 
industry is based on extensive operations. An 
attractive alternative would be the establishment 
of a mixed grass-legume pasture. Legumes can 
establish symbioses with rizhobia, which induce 
the formation of root nodules with the capacity of 
biological fixation of atmospheric N, which, in turn, 
will increase the forage and animal productivity. 
Therefore, the aim of this study was to investigate 

canopy structure and animal productivity responses 
of mixed pasture of Marandu palisadegrass and 
forage peanut compared to Marandu palisadegrass 
in monoculture, whether or not fertilised with N.

Materials and Methods 
The study was carried out on the Experimental 
Farm of the Federal University of Lavras, Brazil 
(21°14′S, 44°58′W; 918 m above sea level). 
The soil in the area is a Ferralsol (WRB/FAO 
classification) with clayey texture. The treatments 
encompassed three pastures types, namely: 
1) Marandu palisadegrass and forage peanut 
mixed pasture without N fertiliser application 
(GRASS+LEGUME); 2) Marandu palisadegrass 
monoculture fertilised with 150 kg N/ha/year 
(GRASS+N); and 3) Marandu palisadegrass 
monoculture without N fertiliser application 
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(GRASS). The whole experimental area was 
seeded with Marandu palisadegrass at a rate of 6.0 
kg/ha of pure live seeds. The 12-ha experimental 
area was limed (2500 kg dolomitic lime/ha) 60 d 
before grass seeding, and 52 kg of P/ha and 41 
kg of K/ha were applied during grass seeding. 
The whole experimental area was divided into 
four paddocks with three hectares each (blocks). 
Afterwards, the blocks were divided into three 
paddocks where pasture types were randomly 
allocated. The GRASS+N, GRASS+LEGUME 
and GRASS paddock sizes were 0.7, 1.0 and 1.3 ha, 
respectively. The GRASS+LEGUME paddocks 
were seeded with forage peanut into a previously 
established Marandu palisadegrass pasture with a 
seeding rate of 10 kg/ha of pure live seeds.  

From December 2016 to July 2019, ten seasons 
were evaluated over time. Continuous stocking 
with a variable stocking rate was used to maintain 
the canopy height between 20 and 25 cm. Two 
Nellore heifers (234 ± 36 kg of BW and 12 ± 1.3 
months of age) were used as tester animals in each 
paddock. When it was necessary to adjust the 
canopy height, put-and-take animals were added. 
Water and commercial mineral supplementation 
were supplied ad libitum. Average canopy 
height was measured weekly using a sward 
stick (Barthram 1985) at 100 random points 
per paddock. Annually, in the spring (between 
November and December), all paddocks were 
fertilised by applying 22 kg/ha of P and 41 kg/ha 
of K. In the GRASS+N, the N fertiliser application 
was divided into three applications per year (50 
kg N/ha each in November, January, March), all 
applied as urea. 

Herbage mass was sampled by harvesting six 
frames at ground level, measuring 1 x 0.5 m, per 
paddock, at points with average canopy height, 
once every 30 days. The fresh material was weighed 
and subsamples were taken for manual separation 
of botanical components. Forage samples were 
oven-dried at 55 ºC for 72 h to a constant weight. 
Grass mass (kg/ha) was considered as leaf + stem 
without dead material and the legume mass (kg/
ha) included leaf plus stem mass. Herbage mass 
was considered the sum of grass and legume mass, 
according to each treatment.

Cattle were weighed in the morning, every 
28 d throughout each season, without food or 
water restriction. The values obtained in each 
weighing were submitted to individual analyses of 
regression per season (y = ax + b). In this equation, 

the individual initial weight in each season was the 
intercept, and the average daily gain (ADG) was 
the slope. The stocking rate [AU/ha; (AU: animal 
unit was considered a bovine weighing 500 kg; 
Allen et al., 2011)] was measured for each season 
by the sum of weights of all animals present in 
each paddock divided by the area of the paddock. 
The liveweight gain per ha was calculated by 
multiplying the ADG by stocking rate. 

All variables were averaged per experimental unit 
before analysis, for each season. The experimental 
design was randomized complete blocks with three 
treatments (pasture type; GRASS+N, GRASS, 
and GRASS+LEGUME), four replications, and 
repeated measurements over time (seasons of the 
year). Data were analysed by fitting mixed models, 
using the MIXED procedure as SAS. The effects 
of pasture type, seasons, and their interactions 
were considered fixed and the effect of block as a 
random effect. The averages were estimated using 
the LSMEANS statement, and comparisons were 
made using Fisher’s protected least significant 
difference (LSD) test at 10% probability. 

Results
Herbage mass

There was an interaction between pasture type and 
seasons for herbage mass (P < 0.001; Figure 1). 
In the summer, there was no difference between 
pasture types (an average of 4625 kg/ha). Herbage 
mass was greatest in the GRASS+N pasture 
from fall up to winter II. In the last three seasons 
(spring II, summer III, and fall III), GRASS+N 
and GRASS+LEGUME pastures had the greatest 
herbage mass. In the GRASS+LEGUME pasture, 
there was an increase of legume mass (from 
1260 to 2565 kg/ha) and botanical composition 
(from 23.6 up 39.1% of legume in forage mass) 
throughout the experiment period.

Animal productivity

There was an interaction between pasture type and 
seasons for the stocking rate (P < 0.001; Figure 2). 
In the summer, there was no difference between 
pasture types (an average of 3.74 AU/ha). Stocking 
rate was greatest in the GRASS+N pasture from 
fall to fall III. However, in the last three seasons 
(spring II, summer III, and fall III), the values of 
stock rate for GRASS+LEGUME pasture were 
intermediate and greater than GRASS pasture. 
There was an interaction between pasture type 
and seasons for the liveweight gain per ha (P < 
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0.001; Figure 3). The greatest liveweight per ha 
was obtained for GRASS+N pasture in summer, 
fall, winter, summer II, fall II, spring II, summer 
III. In spring and winter II, there was no difference 

between pasture types (averages of 86.1 and 5.1 
kg/ha/season, respectively). In fall III, GRASS+N 
and GRASS+LEGUME pasture had the greatest 
liveweight gain per ha. (215 and 180 kg/ha/season 
vs. 99 kg/ha/season in GRASS pasture). 

Figure 1: Herbage mass of Maranud palisadegrass pastures with or without N application, and mixed with forage 
peanut during the seasons of the experimental period. Error bars represent ± standard errors of the means.

Figure 2: Stocking rate of Marandu palisadegrass pastures with or without N application, and mixed with forage 
peanut during the seasons of the experimental period. Error bars represent ± standard errors of the means.
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Discussion

Herbage mass of the GRASS+N pasture increased, 
ranging from 51 to 84% more forage compared to 
GRASS pasture. Application of N has an impact on 
tiller population density due to faster generation of 
new leaves from several axillary buds, which may 
result in the appearance of new tillers, and having 
a positive impact on herbage mass (Lafarge 2006). 
In the GRASS+LEGUME, the increase of the 
herbage mass occurred of a lenient way. Forage 
peanut has been reported to be generally slower 
to establish in comparison to grasses (Tamele et 
al. 2018). Furthermore, the transference of the 
atmospheric N fixed to the systems is likely to 
be slower, depending on the biological process 
of mineralization (i.e., litter decomposition) or 
transfer from livestock excreta. 

Nitrogen input increased the stocking rate and 

liveweight gain per ha; however, the effect of 
forage peanut occurred at the end of the study. 
On average, N application or the presence of 
the legume led to an increase in stocking rate of 
72.4% and 25.3%, respectively, compared with the 
GRASS pasture. Provided that the canopies had 
been managed under similar canopy height target, 
greater forage accumulation for N application or 
the presence of the legume resulted in increases 
in the stocking rate and liveweight gain per ha. In 
Brazil, the increase in productivity of livestock 
production on pasture in a sustainable manner 
becomes a necessity. Nitrogen application is the 
fastest and easiest way to produce more meat in 
smaller areas. However, mixed pastures have 
direct benefits to farmers, with a reduction of the 
cost of maintenance N application and an increase 
in productivity relative to GRASS pasture.
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Figure 3:  Liveweight gain per ha of Marandu palisadegrass pastures with or without N application, and mixed 
with forage peanut during the seasons of the experimental period. Error bars represent ± standard errors of the 
means.
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Abstract
Methane emission from livestock operation is an important source of greenhouse gas and contributes 
to global warming. Forage legume secondary compounds may mitigate methane emissions by reducing 
methanogenic population in the rumen. This study evaluated animal performance and methane emission 
from beef cattle grazing either a mixed pasture [Brachiaria brizantha cv. Marandu (palisadegrass) 
and Arachis pintoi (forage peanut) cv. BRS Mandobi] or a palisadegrass monoculture with or without 
nitrogen (N) fertilisation. A 2.5-yr continuous stocking experiment was carried out in southeast Brazil, 
on a randomized complete block design with three treatments and four replicates. Two Nellore heifers 
were used as tester animals and additional put-and-takes were used to keep canopy height at 20-25 
cm. The treatments comprised three pasture types: 1) palisadegrass-forage peanut mixed pasture 
(GRASS+LEGUME); 2) palisadegrass + 150 kg N/ha/year (GRASS+N); 3) palisadegrass without 
N fertilization (GRASS). Response variables included average daily gain (ADG), forage intake, and 
methane emission. Methane emission was estimated by the sulphur hexafluoride (SF6) tracer technique. 
There was no difference between grazing systems for the ADG (P = 0.439) and DMI (P = 0.394; 
averages of 0.433 kg/d and 2.10 %BW/d, respectively). In the GRASS+LEGUME, there was a decrease 
of 11.7% in methane emission per animal (148 vs. 170 and 165 g/day for GRASS+N and GRASS, 
respectively; P = 0.001). Grazing systems including legume reduced methane emission per unit of ADG 
(365 vs. 428 and 398 g/kg for GRASS and GRASS+N, respectively; P = 0.061) and per carcass gain 
(656 vs. 800 g of methane/kg carcass for GRASS; P = 0.022). Intake of condensed tannins was greater 
for GRASS+LEGUME (0.61 vs. 0.17 %BW/d, P < 0.001). Forage peanut decreased enteric methane 
emission intensity, reducing carbon footprint of livestock systems in Southeast Brazil. 

Introduction
Climatic changes due to anthropogenic greenhouse 
gas emissions are a crucial threat to future food 
production. Ruminant animals are the largest 
cause of agricultural externalities in terms of land 
use and emissions of greenhouse gas, such as 
methane (CH4; Oliveira Silva et al., 2016). The 
utilization of appropriate management practices in 
grass-livestock operations systems constitutes an 
important mitigation option, as about twenty billion 
animals make use of 30% of the world’s lands for 
grazing (Steinfeld et al., 2006). The mitigation of 
ruminant CH4 emissions is particularly important 
in Brazil, which has the largest commercial herd 
of cattle in the world (USDA 2019). Among the 
various CH4 mitigation options and technologies, 
the introduction of legumes into pastures systems 
is considered to be a favourable alternative 

(Boddey et al., 2020). The presence of tannins 
makes legumes potential mitigators of enteric CH4. 
Therefore, the aim of this study was to investigate 
animal performance and CH4 emission responses 
of mixed pasture of Marandu palisadegrass and 
forage peanut compared to Marandu palisadegrass 
in monoculture, fertilised or not with N. 

Materials and Methods
The study was carried out on the Experimental 
Farm of the Federal University of Lavras, Brazil 
(21°14′S, 44°58′W; 918 m above sea level). 
The soil in the area is a Ferralsol (WRB/FAO 
classification) with clayey texture. The treatments 
comprised three types of pastures, namely: 
1) Marandu palisadegrass and forage peanut 
mixed pasture without N fertiliser application 
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(GRASS+LEGUME); 2) Marandu palisadegrass 
monoculture fertilised with 150 kg N/ha/year 
(GRASS+N); and 3) Marandu palisadegrass 
monoculture without N fertiliser application 
(GRASS). The whole experimental area was 
seeded with Marandu palisadegrass at a rate of 6.0 
kg/ha of pure live seeds. The 12-ha experimental 
area was limed (2,500 kg dolomitic lime/ha) 60 
d before grass seeding and 52 kg of P/ha and 41 
kg of K/ha were applied during grass seeding. 
The whole experimental area was divided into 
four paddocks with three hectares each (blocks). 
Afterwards, the blocks were divided into three 
paddocks where pasture types were randomly 
allocated. The GRASS+N, GRASS+LEGUME 
and GRASS paddocks size were 0.7, 1.0 and 1.3 ha, 
respectively. The GRASS+LEGUME paddocks 
were seeded with forage peanut into a previously 
established Marandu palisadegrass pasture with a 
seeding rate of 10 kg/ha of pure live seeds.  

From December 2016 to January 2019, eight 
seasons were evaluated over time. Continuous 
stocking with a variable stocking rate was used to 
maintain the canopy height between 20 and 25 cm. 
Two Nellore heifers (234 ± 36 kg of BW and 12 ± 
1.3 months of age) were used as tester animal in 
each paddock. When it was necessary to adjust the 
canopy height, put-and-take animals were added. 
Water and commercial mineral supplementation 
were supplied ad libitum. Average canopy 
height was measured weekly using a sward stick 
(Barthram 1985) at 100 random points per paddock. 
Annually, in the spring (between November 
and December), all paddocks were fertilised by 
application of 22 kg/ha of P and 41 kg/ha of K. 
In the GRASS+N, the N fertiliser application was 
divided into three applications per year (50 kg N/
ha each in November, January, March), all applied 
as urea. 

Cattle were weighed in the morning, every 28 d 
throughout each season, without food or water 
restriction. The values obtained in each weighing 
were submitted to individual analyses of regression 
per season (y = ax + b), being the resultant a 
linear equation (y = ax + b). In this equation, the 
individual initial weight in each season was the 
intercept, and the average daily gain (ADG) was 
the slope. 

Forage intake (DMI) was estimated from fecal 
excretion and indigestible neutral detergent 
fiber (iNDF) once per season. Fecal production 
was estimated using titanium dioxide (10 g/

animal/day) as an external marker (Titgemeyer 
et al., 2001) during eleven consecutive days, 
ten for adaptation and five for collection. Spot 
fecal samples were collected once a day and a 
composite sample was performed for each animal. 
Fecal samples were oven-dried at 55 °C for 72 
h and grinded for determination of the titanium 
dioxide concentration (Myers et al., 2004). Fecal 
and hand-plucked forage samples were incubated 
in the rumen for 288 hours to determine iNDF 
(Huhtanen et al., 1994). In the GRASS+LEGUME 
pasture treatment, the proportion of grass and 
legume in the forage intake was estimated using 
δ13C isotopes in the iNDF residual fecal samples 
(Lopes de Sá, 2017). Condensed tannin was 
determined according for Porter et al., (1985). 

Emissions of enteric methane were measured 
using the sulfur hexafluoride (SF6) tracer gas 
technique (Johnson et al., 1994), whereby each 
of the 24 animals (two in each paddock) were 
assessed daily for 24 h for five consecutive days 
once per season. The animals were equipped with 
gas collection halters attached to pre-evacuated 
polyvinyl chloride (PVC) sampling canisters, 
made to hold 50% filling in 24 h. Methane emission 
was expressed as g CH4/animal/day. Other forms 
to express CH4 emission were: g CH4/kg DMI, 
g CH4/ha/day (emission per hectare), g CH4/kg 
ADG (which is referred herein as CH4 emission 
intensity) and g CH4/kg carcass gain. 

All variables were averaged per experimental unit 
before analysis, for each season. The experimental 
design was randomized complete blocks with three 
treatments (pasture type; GRASS+N, GRASS, 
and GRASS+LEGUME), four replications, and 
repeated measurements over time (seasons of the 
year). Data were analysed by fitting mixed models, 
using the MIXED procedure os SAS. The effects 
of pasture type, seasons, and their interactions 
were considered fixed and the effect of block 
and year as a random effect. The averages were 
estimated using the LSMEANS statement, and 
comparations were made using Fisher’s protected 
least significant difference (LSD) test at 10% 
probability. 

Results
There was no difference between pasture type for 
the ADG (P = 0.439) and DMI (P = 0.394; averages 
of 0.433 kg/d and 2.10 %BW/d, respectively; 
Table 1). Greatest condensed tannin intake was 
recorded in the GRASS+LEGUME pasture (P < 



739

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

0.001; Table 1).

Regarding methane emission variables, 
GRASS+LEGUME pasture had the lowest 
average daily CH4 emission per animal, per body 
weight and per metabolic body weight (P = 0.001, 
P = 0.018, and P = 0.009, respectively; Table 
3). In the GRASS+N and GRASS+LEGUME 
pasture presented lower values of CH4/kg DMI 
compared to GRASS pasture (P = 0.044; Table 
1). The lowest CH4/kg ADG was recorded for the 

GRASS+LEGUME pasture (P = 0.061; a decrease 
of 14.7 and 8.3% compared to GRASS and 
GRASS+N pasture, respectively; Table 1). The 
CH4 emission per kg of carcass gain was lower 
in the GRASS+LEGUME pasture compared to 
GRASS pasture (P = 0.022; Table 1).
Table 1: Animal performance, intake, and methane 
emissions of Nellore heifers on Marandu palisadegrass 
pastures with or without N application, and mixed with 
forage peanut. 

Variables
Pasture type

SEM* P - Value
GRASS GRASS+N GRASS+LEGUME

Animal performance
ADG†, kg/d 0.398 0.468 0.434 0.040 0.439
DMI, %BW/d 2.00 2.21 2.09 0.17 0.394
CT intake, %BW/d 0.16b 0.19b 0.61a 0.06 <0.001
Methane emissions
CH4/animal/d 165a 170a 148b 4.23 0.001
CH4/d/kg BW 0.525a 0.513a 0.481b 0.040 0.018
CH4/d/kg BW0.75 2.21a 2.18a 2.01b 0.12 0.009
CH4/kg DMI 30.2a 26.7b 26.8b 1.15 0.044
CH4/kg ADG 428a 398a 365b 44.3 0.061
CH4/kg carcass gain 800a 712ab 656b 45.8 0.022

*Standard error means.
†ADG: average daily gain; DMI: dry matter intake; 
CT: Condensed tannin; CH4: methane; BW: body 
weight. 

Discussion 
In forage diets, canopy structural characteristics 
of tropical forages are relatively more important 
than nutritional factors in terms of the regulation 
forage intake (Poppi et al., 1987). Nitrogen input 
in grazing systems promotes an increase of the 
leaf density in the canopy stratum, which could 
enhance the forage intake due to easier formation 
and realization of the bite (Mezzalira et al., 2014). 
However, even with N input in the GRASS+N and 
GRASS+LEGUME pastures, canopies managed 
under similar canopy height have the same forage 
intake, probably due to changes in the ingestive 
behaviour to maintain a steady intake (Table 1). 
Therefore, the same ADG between pasture systems 
may be due to similar forage intake, provided that 
the maximization of animal performance is linked 
to the capacity of intake by grazing animals (Table 
1).

Lower daily CH4 emissions (g CH4/animal/day; 
Table 1) in the GRASS+LEGUME pasture could be 
associated with the condensed tannin intake in this 
treatment. The inclusion of temperate and tropical 
legumes that contain secondary metabolites can 
reduce methanogenesis (Andrade et al., 2016). 
Secondary compounds of tropical legumes may 
inhibit, by bactericidal or bacteriostatic action, 
the growth or activity of methanogenic archaea, 
probably by binding to microbial cell proteins 
and enzymes (Tavendale et al., 2005). In addition, 
tannins may inhibit some ruminal protozoa and 
indirectly affect methanogenic archaea (Gerber et 
al., 2013). 

Despite the potential benefits of well-managed 
GRASS+LEGUME pasture for reducing CH4 
emissions, it is important to highlight that the 
impacts on all greenhouse gas together should 
be considered to better estimate the outcome 
of the action, which requires further studies. In 
summary, the experimental evidence suggests 
that the secondary metabolites in forage peanut 
may decrease the amount of enteric methane 
produced by ruminants, reducing carbon footprint 
of livestock systems in Southeast Brazil. 
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dioxide as a digestibility marker for cattle. J. Anim. Sci., 79: 1059-1063.

USDA - United States Department of Agriculture. 2019. Brazil once again becomes the world’s largest beef 
exporter. Retrieved from: https://www.ers.usda.gov/amber-waves/2019/july/brazil-once-again-becomes-
the-world-s-largest-beef-exporter.



741

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

People-environment trade-offs in managing communal rangelands of South Africa 
 

Bennett, J.E.1; Lemke, S.1,2. and Marandure, T.1

1Centre for Agroecology, Water and Resilience, Coventry University, Ryton Gardens, Wolston Lane, 
Coventry, CV8 3LG, UK 

2Institute for Development Research, University of Natural Resources and Life Sciences, Vienna 
(BOKU), Dänenstraße 4-1, 1190 Vienna, Austria

Key words: communal rangelands; trade-offs; stakeholders; South Africa

Abstract
Communal rangelands in South Africa support a range of ecosystem services including water provision, 
carbon sequestration and livestock production for different stakeholders. Delivering these in a 
sustainable and socially appropriate manner necessarily requires trade-offs to be made between the 
different environmental and social outcomes required. We draw on empirical fieldwork and a two-day 
participatory stakeholder workshop to report on the early stages of a project evaluating these trade-offs 
in communal rangelands of the uMzimvubu catchment in Eastern Cape Province. Our findings suggest 
that trade-offs will be necessary at a variety of different levels within this system. For example, a key 
activity within these rangelands is removal of invasive plants such as wattle (Acacia mearnsii) but the 
environmental gains are conflictual as although this increases water availability within the system, it 
potentially reduces stored carbon. Wattle removal also highlights a disconnection between people and 
policy. While current policy mandates complete eradication of wattle, none of the local communities 
involved in the research wished to see this, as most of them currently make use of the trees for a 
range of purposes including timber, fuelwood and even livestock feed. Furthermore, trade-offs are also 
required between different community members, in terms of the social outcomes rangelands can deliver 
for them. While men conceptualised rangelands largely in terms of maximising livestock production, 
women focused on the collection of natural resources such as timber, herbs and thatching grass, the 
latter requiring accumulation of biomass during the growing season and potentially removing areas 
of rangeland from grazing. Understanding the opposing goals for rangeland use that exist within and 
between different stakeholder groups is critical to evaluating the social and environmental trade-offs 
required and to reach a consensus approach to the governance and management of these systems.

Introduction
Communal rangelands in South Africa provide a 
range of vital ecosystem services to stakeholders 
from a number of different sectors. The primary 
beneficiaries of these services include the public 
sector, through the broader environmental role 
that rangelands play, for example, in carbon 
sequestration and downstream water provision 
(Palmer and Bennett 2013), and local communities 
who benefit directly from the provisioning 
services that rangelands provide in the form of 
livestock production and provision of fuelwood 
and timber (Shackleton et al., 2001). However, 
decisions about which services are important and 
to whom, differ according to the priorities these 
different stakeholders ascribe to them. The public 
sector, for example, uses governmental actors 
to establish environmental policy that reflects 

national priorities whilst communities have their 
own traditional governance systems that reflect 
local resource management priorities. This creates 
a potential disconnect between government policy 
on the one hand, which views communities as 
custodians of environmental services on behalf of 
the broader public and the communities themselves 
on the other, whose priority is frequently 
the provisioning services that underpin local 
livelihoods (Vetter 2013). The situation is further 
complicated by the fact that communities in rural 
areas are increasingly heterogeneous, resulting in 
different groups of local actors affording different 
priorities to the type and extent of services they 
need rangelands to provide (Shackleton and 
Luckert 2015). Thus, potentially antagonistic 
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priorities for ecosystem services in communal 
rangelands in South Africa exist at a variety of 
levels from national down to local (Figure 1). If 
these services are to be delivered in a manner that 
is both sustainable and socially appropriate, then 
a way needs to be found to reconcile the different 
social and environmental outcomes required for 
particular land use scenarios. One way to approach 
this is to consider the relationship between different 
antagonistic ecosystem service outcomes as a 
series of trade-offs (Klapwijk et al., 2014). Trade-
offs are interactions between ecosystem services 
that involve diminishing or losing one service in 
return for gains in another (Bennett et al., 2009). 
Establishing the types of trade-offs that will be 
required under different land use scenarios will 
be an important first step in helping to reconcile 
the range of ecosystem outcomes prioritised by 
different stakeholders.

Figure 1: Conceptual framing of key areas of interaction 
between different stakeholders in determining 
ecosystem service trade-offs for communal rangelands, 
identified as: 1) Between different public sector actors 
in determining environmental policy 2) Translating 
policy into practice in communal rangelands 3) Within 
and between community institutions (e.g. traditional 
leaders) and individuals (e.g. men, women, youth) 
within communities.

Materials and Methods
In demonstrating the application of an ecosystem 
trade-offs approach in communal rangelands 
we draw on research being undertaken in the 
uMzimvubu catchment in Eastern Cape Province 
as part of an internationally funded project (www.
coventry.ac.uk/cawr-tocasa). The area is well-

suited to this research, as it is home to many 
rural communities who make use of local natural 
resources, provides a major watershed supplying 
water to downstream users and, importantly, is 
also subject to extensive colonisation by invasive 
alien plant (IAP) species such as black wattle 
(Acacia mearnsii), which limits both livestock 
production and water availability. Our research 
focused on the Mvenyane community within the 
catchment, which consists of 12 villages and where 
work is already ongoing through one of the local 
project partners. We used the simple conceptual 
framework in Figure 1 in conjunction with expert 
advice from local partners in the Umzimvubu 
Catchment Partnership Programme (UCPP) 
(https://umzimvubu.org), to guide the selection of 
actors to be engaged in the process of establishing 
trade-offs between different local ecosystem 
outcomes. We then engaged these actors in a two-
stage research process.  

The first stage was the generation of empirical 
findings from local communities in Mvenyane. 
This served primarily to establish the key uses 
made of rangeland by local communities and the 
relative importance of these to different groups 
such as men and women. To achieve this, focus 
groups were held separately with men and women 
at three villages within Mvenyane in June 2019. 
Each focus group involved between 12 and 
25 participants with discussions facilitated by 
a member of the research team using a semi-
structured interview schedule. To complement 
this, transect walks and key informant interviews 
were undertaken at each village, which enabled a 
deeper understanding of the boundaries and local 
uses of rangeland. The second stage involved a 
workshop in the local town of Matatiele, which 
brought together a range of stakeholders to identify 
the types of ecosystem trade-offs that would be 
important to consider in relation to current and 
alternative land use scenarios. The workshop was 
convened over two days in October 2019 and 
involved 35 participants including national and 
local actors from three government departments, 
three academic institutions, three national and 
local NGOs and female and male community 
members, including traditional leaders from the 
three local communities. A full list of participants 
is available in the workshop report (https://www.
coventry.ac.uk/globalassets/media/global/08-
new-research-section/cawr/cawr-projects/final-
report-trade-offs-rangeland-workshop.pdf). The 
format of the participatory workshop focused 

https://eur01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.coventry.ac.uk%2Fcawr-tocasa&data=02%7C01%7Capy073%40coventry.ac.uk%7C1131a9773ce54509084f08d82fe3edb2%7C4b18ab9a37654abeac7c0e0d398afd4f%7C0%7C0%7C637312003284816539&sdata=HZ7G9Q6PRBeruHxRZZgKrZ4ohQrHDSohUC5kkxdFZec%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.coventry.ac.uk%2Fcawr-tocasa&data=02%7C01%7Capy073%40coventry.ac.uk%7C1131a9773ce54509084f08d82fe3edb2%7C4b18ab9a37654abeac7c0e0d398afd4f%7C0%7C0%7C637312003284816539&sdata=HZ7G9Q6PRBeruHxRZZgKrZ4ohQrHDSohUC5kkxdFZec%3D&reserved=0
https://umzimvubu.org
https://www.coventry.ac.uk/globalassets/media/global/08-new-research-section/cawr/cawr-projects/final-report-trade-offs-rangeland-workshop.pdf
https://www.coventry.ac.uk/globalassets/media/global/08-new-research-section/cawr/cawr-projects/final-report-trade-offs-rangeland-workshop.pdf
https://www.coventry.ac.uk/globalassets/media/global/08-new-research-section/cawr/cawr-projects/final-report-trade-offs-rangeland-workshop.pdf
https://www.coventry.ac.uk/globalassets/media/global/08-new-research-section/cawr/cawr-projects/final-report-trade-offs-rangeland-workshop.pdf
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on establishing and ranking ecosystem service 
priorities by different stakeholders on the first day 
to establish where trade-offs are likely to occur, 
and then relating these trade-offs to alternative 
land use scenarios on the second day. 

Results
During the ranking exercise on the first day of the 
workshop, local communities identified a range 
of key services and assets that rangelands provide 
including water, forest products, grazing, wild 
foods, sand and clean air. Specifically, when asked 
to rank the most important services, community 
members highlighted water and grazing. However, 
when the findings from the focus groups undertaken 
with men and women were also considered, a 
more nuanced set of priorities emerged. Whilst 
both men and women recognised the importance 
of rangelands in providing water, men prioritised 
rangeland for its importance in livestock grazing. 
Women, in contrast, conceptualised its importance 
more in terms of provision of timber products, 
thatching grass and medicinal herbs. Importantly, 
women also noted that their access to land is 
limited, and that they are not involved in decision-
making around livestock. This clearly highlights 
the requirement for provisioning service trade-offs 
within communities, particularly around livestock 
grazing and its relationship with collection of 
other rangeland products such as thatching grass 
and herbs. Community members pointed out 
that the antagonistic relationship between these 
different services at present, was mainly due to a 
lack of institutional capacity to manage rangeland 
effectively in time and space, and that the 
introduction of fencing might help with this.  What 
was also apparent during community discussions 
both in the workshop and in the focus groups, 
was the key but at the same time conflictual role 
of IAPs such as wattle within local communities. 
Whilst wattle was recognised as problematic 
in diminishing grazing land and local water 
sources such as springs, it was widely used by all 
community members for firewood and as timber for 
fencing and house construction. Some people also 
supplemented their incomes by selling it locally. 
Thus, wattle was identified as being central to the 
potential trade-offs within communities between 
different types of provisioning services and related 
social outcomes. 

Wattle also featured strongly in the discussions 
of the public sector actors, NGOs and academics 
during the workshop.  They highlighted water 

availability within the uMzimvubu catchment, 
biodiversity and carbon sequestration as some the 
key regulating and supporting services provided 
by local communal rangelands.  However, they 
also recognised the central importance of wattle 
in the trade-offs between these environmental 
services. Wattle clearance would likely improve 
environmental outcomes for key services 
such as water provision and biodiversity, but 
potentially diminish other key services such as 
carbon sequestration. As such, a potential policy 
disconnect within public sector planning was 
identified between the current goals of the current 
Working for Water (WfW) Programme, focused 
on paying communities to eradicate wattle and the 
increasing focus of the national government on the 
role rangelands can play in carbon sequestration.  
However, what also emerged from the discussions 
between these groups was that it was unclear 
how antagonistic the relationship between carbon 
sequestration and water provision actually is. 
It was not clear, for example, how much carbon 
wattle stands could sequester compared to a 
rangeland with well-managed grassland cover. 
Likewise, a key question that emerged was 
whether selective thinning of wattle stands, rather 
than their wholescale removal, might enable better 
balance these different ecosystem services as part 
of a win-win rather than simple trade-off scenario. 
This formed the basis for a subsequent research 
trial instigated at the research villages by one of 
the NGOs involved in the workshop, in early 2020.  

Workshop participants also highlighted a 
disconnect between environmental policy and 
community practice.  NGO representatives 
pointed out that community members from the 
Mvenyane villages are being paid through them 
to engage in wattle eradication as part of WfW’s 
drive to improve catchment water availability, 
whilst at the same time depending on wattle 
as their main source of fuelwood and timber.  
Stakeholders felt that current environmental 
policy did not do enough to recognise and respond 
to this contradiction and the potential trade-offs it 
established between regulating and provisioning 
services. One of the local chiefs went as far as to 
say: ‘I don’t ever remember being consulted about 
water and environmental policies’.

In light of these contradictions in desired ecosys-
tem service outcomes within and between differ-
ent actor groups, there was a consensus amongst 
stakeholders that alternative land use scenarios 
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within communities must focus on balancing these 
ecosystem outcomes more effectively.  They pro-
posed two ways of realising this.  The first was 
retention of wattle in land use systems, albeit at 
much reduced extent, by management within des-
ignated stands possibly in combination with thin-
ning.  The second was improved management of 
areas of rangeland released from wattle encroach-
ment, through a combination of more intensive 
grazing and resting. This built on initiatives al-
ready being trialled by local NGOs within com-
munities involving payments for ecosystem ser-
vices approaches.  Importantly, these approaches 
have the potential to better accommodate the range 
of ecosystem services required by these different 
actors and move from a situation where these are 
currently antagonistic, to one where there is great-
er possibility for win-win situations.  

Discussion
The research underlined the importance of 
engaging with a wide range of stakeholders from 
different sectors, when identifying the key trade-
offs that pertain in communal rangelands systems. 
The framework in Figure 1 was a simple but useful 
way to determine where trade-offs are likely to 
occur between different sets of stakeholders and 
thus which actors needed to be engaged in this 
process. Invasion of wattle also provided an 
important cross-cutting issue impacting on the 
provision of many different ecosystem services 
and around which all stakeholders could coalesce 
in thinking through the associated trade-offs in 
ecosystem services. Shackleton and Gambiza 
(2008) have also demonstrated the value of 
applying a trade-offs approach to analyse the 
contradictory ecosystem service outcomes 
that IAPs create for local communities. The 
importance of wattle in Mvenyane also allowed 
for the envisaging of simple, alternative land use 
scenarios (with less wattle), which potentially 
balanced the range of ecosystem service outcomes 
that stakeholders required more effectively. Key 
to realising these changes will be not only buy-
in from local communities but also their capacity 

to manage local resources on a collective basis to 
deliver them. However, the clear weakness of local 
institutions at Mvenyane will make this difficult 
and is symptomatic of a more widespread problem 
in communal areas of South Africa (Bennett et al., 
2013). Finding ways to build institutional capacity 
through better integration of local actors with 
a remit in natural resource management, will be 
critical if more equitable and sustainable use is to 
be made of local resources (Bennett 2013). 

The process of stakeholder engagement also 
reinforced the perception that communities 
are socially heterogeneous and that this 
strongly defines the way different actors within 
communities prioritise local ecosystem services. 
This must be reflected in the way trade-offs are 
constructed at the local level (Klapwijk et al., 
2014).  Ideally, this must extend beyond the gender 
divisions demonstrated here to include the other 
often-marginalised social groups within these 
communities such as youth, the poor and landless.  
It is also important that this heterogeneity is 
reflected in environmental policies that impact on 
communal systems, which are acknowledged to be 
disconnected from local realities (Vetter 2013), as 
was also revealed in this research.  

Finally, it is apparent that engaging different 
stakeholders in participatory research is important 
not only in determining the types of trade-offs 
that will be required between different ecosystem 
services but also in identifying key unknowns 
about aspects of ecosystem function in communal 
rangeland systems and the research and practice 
required to address these.  NGOs and academics, 
in particular, can play a pivotal role in this ongoing 
co-creation of knowledge with local communities, 
which will be vital in delivering improved social 
and environmental outcomes from communal 
rangelands.  
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Abstract
Silvopastoral systems (SPS) can increase overall productivity and long-term income due to the 
simultaneous production of trees, forage, and livestock. This 2-yr study evaluated animal performance 
and herbage responses in C4-grass monoculture or in SPS in the sub-humid tropical region of Brazil. 
The experimental design was randomized complete block with three replications. Treatments were: 
Urochloa decumbens (Stapf.) R. Webster (Signalgrass) + Mimosa caesalpiniifolia Benth (SPS-
Mimosa); Signalgrass + Gliricidia sepium (Jacq.) Kunth ex Walp (SPS-Gliricidia); and Signalgrass 
monoculture (SM). Response variables included herbage and livestock responses. Cattle were managed 
under continuous stocking with variable stocking rate. There was interaction between treatment × month 
for herbage mass. Green herbage accumulation rate ranged from 20 to 80 kg DM ha-1d-1 across months, 
with SPS-Mimosa presenting lower rates. Average daily gain was greater in SPS-Gliricidia, followed 
by SM, and SPS-Mimosa, respectively (0.77; 0.56; 0.23 kg d-1), varying across months. Stocking rate 
ranged from 0.86 to 1.6 AU ha-1. Total gain per area during the experimental period was greater for 
SPS-Gliricidia (423 kg BW ha-1), followed by signalgrass in monoculture (347 kg BW ha-1), and SPS-
Mimosa (50 kg BW ha-1). Silvopasture systems using signalgrass and gliricidia enhanced livestock 
gains compared with signalgrass in monoculture, and mimosa trees outcompeted signalgrass, reducing 
livestock gains. Silvopasture systems with tree legumes have potential to provide numerous ecosystem 
services and reduce C footprint of livestock systems in the tropics, however, the choice of tree species 
is key and determined by which ecosystem service is prioritized.  

Introduction
Integrating trees into grasslands is an option 
to increase sustainability of livestock systems. 
Benefits of SPS include the delivery of more 
ecosystem services from different categories 
such as provisioning, regulating, supporting, and 
cultural services (Dubeux et al., 2017a). Grazing 
animals in SPS improve nutrient cycling because 
of faster nutrient turnover and soil organic carbon 
(Wesp et al., 2016), increasing soil carbon stock 
(Aryal et al., 2019), and leading to a more efficient 
land use (Dubeux Jr et al., 2017b). Further benefits 
include decreased greenhouse gas emissions, such 
as nitrous oxide and methane (Foley et al., 2011), 
and the additional source of income to producers 

coming from livestock (Esperschuetz et al., 2017). 
Numerous challenges occur when incorporating 
trees into grassland systems due to interactions 
among their components (e.g. trees, herbaceous 
vegetation, soil, and livestock). Growth of tree 
canopies reduces light reaching the understory, 
affecting forage physiology and morphology 
(Nascimento et al., 2019). These changes in the 
light environment will act directly on forage 
production, nutritive value, and livestock responses 
(Geremia et al., 2018).

We hypothesized that SPS with tree legumes 
promote animal performance by providing 
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better quality forage and adding N to the system 
compared with grass monoculture, however, these 
responses vary with SPS and season of the year. 
The objective of this research was to evaluate 
pasture canopy structure and livestock responses 
in SPS and in grass monoculture in a sub-humid 
tropical region in Brazil. 

Materials and Methods 
The study was carried out at the Experimental 
Station of Itambé (7°23’S and 35°10’W and 190 
metres above sea level), Agronomic Institute of 
Pernambuco-IPA. The soil in the experimental 
area is classified as an Ultisol (Apolinário et al., 
2016). Average annual rainfall is 1200 mm and 
annual average temperature is 25°C. Treatments 
consisted of two SPS and one grass monoculture, 
as follows: 1. Signalgrass (Urochloa decumbens 
Stapf) + Mimosa [Mimosa caesalpiniifolia 
Benth]; 2. Signalgrass + Gliricidia [Gliricidia 
sepium (Jacq.) Kunth ex. Walp]; 3. Signalgrass 
monoculture. Treatments were allocated in a 
randomized complete block design, with three 
blocks (n = 12). Each experimental unit (paddock) 
had 1 ha and 14 double rows of tree legumes. Tree 
spacing in the double-row system was 15 x 1.0 x 
0.5m. Signalgrass herbage mass was determined 
using the double-sampling technique, described 
by Haydock and Shaw 1975. Briefly, every 28 
days, direct measurements were obtained by 
harvesting six 0.25-m2 quadrats per paddock, at 
ground level. Indirect measurement, the average 
canopy height, was measured using a sward stick 
(Barthram et al., 2000) at 60 random points, every 
28 days. The average of these 60 scores was used 
in the regression equation to estimate herbage 
mass. After harvesting, green and dry material 
were separated per treatment. Grass samples were 
separated into stem (green and dry) and leaf blade 
(green and dry). Forage samples were oven-dried 
at 55°C for 72h to a constant weight. Herbage 
mass (kg ha-1) was expressed as total herbage mass 
(dry and green fractions) and green herbage mass 
(green fraction only). Green herbage accumulation 
rate (GHAR) was determined by placing four 
exclusion cages (1 m2; 1 x 1 m) within each 

paddock. Cages were placed on sites representing 
the average pasture structure and relocated every 
14 days to a new location within the paddock. 
Canopy bulk density (CBD) of signalgrass was 
expressed in  kg DM ha-1 cm-1 and it was obtained 
by dividing the green herbage mass by the average 
canopy height measured with a ruler. A minimum 
of two crossbred Holstein x Zebu (193±70 kg) 
steers grazed paddocks under continuous stocking 
with variable stocking rate. Cattle were weighed 
every 28 days after a 12-h fasting period. Stocking 
rate adjustment was performed every 28 days 
adopting the method described by Sollenberger 
et al., (2005). Briefly, herbage allowance was 
adjusted based on green herbage mass (on a DM 
basis) and cattle body weight (BW), with target 
herbage allowance of 3 kg green DM  kg-1 BW. 
Gain per area was estimated by multiplying ADG 
by the stocking rate and time interval between 
sampling dates. Cattle were weighed every 28 days 
after a 12-h fasting period. Animal performance 
was evaluated by assessing the average daily gain 
(ADG), estimated by the weight difference of the 
testers at the beginning and at the end of each 
cycle. Stocking rate was calculated based on the 
number of grazing days, estimated by multiplying 
the number of tester and “put and take” animals 
within each grazing cycle of 28 days. The data 
were submitted to statistical analysis using the 
Mixed procedure of the statistical package SAS 
9.4, 2012.

Results
Average total herbage mass for signalgrass in 
monoculture was 3496 kg DM ha-1, and average 
total HM for both SPS was 2266 kg DM ha-

1. Likewise, average green herbage mass of 
signalgrass monoculture was 2106 kg DM ha-

1, which was greater (P≤0.05) than the SPS 
treatments, which averaged 1305 kg DM ha-1. 
Treatment × month interaction occurred for canopy 
green fraction, proportion of green leaf and green 
stem (Table 1), and for CP concentration of these 
plant fractions in signalgrass (Table 2). Steer ADG 
for these two systems was always greater than 
SPS-Mimosa (Table 3).
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Table 1: Canopy green fraction and proportion of leaf blade and stem in the green fraction during the experimental 
period. Data averaged across replications and years. 

Treatments* Canopy green fraction (g kg-1)
Jun Jul Aug Sep Oct Nov Dec Jan

Signalgrass† 740 aAB 780 aA 677 
aABC

562 aCD 505 aD 497 aD 557 aD 605 
aBC

SPS-Gliri-
cidia

778 aA 763 aAB 667 
aBC

552 aCD 463 aD 475 aD 477 aD 617 aC

SPS-Mimosa 805 aA 807 aA 655 aB 542 aBC 428 aC 468 aC 480 aC 618 aB
SEM ------------------------------------------ 25 ----------------------------------------------  

Proportion of leaf and stem in the canopy green fraction
Leaf Blade (g kg-1)

Signalgrass 662 abA 652 abA 594 
aAB

498 abBC 425 
abCD

534 
bBC

333 aD 323 bD

SPS-Gliricid-
ia

742 aA 734 aA 612 aB 516 aBC 458 aCD 495 
bBC

356 aD 515 
aBC

SPS-Mimosa 588 bB 605 
bAB

546 
aBC

432 bCD 322 bD 300 aA 200 bE 350 bD

SEM ------------------------------------------ 24 ----------------------------------------------  
Stem (g kg-1)

Signalgrass 338 abD 348 abD 406 
aCD

502 abBC 575 abB 434 aC 667 bA 677 aA

SPS-Gliricid-
ia

258 bE 266 bE 388 aD 484 aC 542 bB 505 
aBC

644 bA 485 bC

SPS-Mimosa 412 aDE 395 aE 454 aD 568 bC 678 aB 700 bF 800 aA 650 aB
SEM ------------------------------------------ 15 ----------------------------------------------  

†Means followed by the same lowercase letters in the columns (treatments) and upper case letter within 
rows (sampling dates), within each response variable (leaf blade or stem), do not differ by Tukey test 
(P≤0.05). *Signalgrass in monoculture; SPS: silvopastoral systems. SEM = standard error of mean.
Table 2: Crude protein of green fractions (leaf blade and stem) during the experimental period. Data averaged 
across replications and years. 

Crude protein (CP) of canopy green fractions
Treatments* Leaf CP (g kg-1)

Jun Jul Aug Sep Oct Nov Dec Jan
Signalgrass† 65 aAB 68 

aAB
69 aA 63 abB 50 bC 52 bC 52 aC 51 bC

SPS-Gliricid-
ia

70 aAB 72 aA 69 
aABC

69 aABC 62 aBCD 62 aD 58 aD 62 aCD

SPS-Mimosa 54 bA 57 bA 58 bA 56 bA 62 aA 52 bA 53 aA 51 bA
SEM ----------------------------------------------- 5 ---------------------------------------------------

--
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Stem CP (g kg-1)
Signalgrass 10 

bABC
15 aA 14 aAB 10 aABC 9 aBC 10 aABC 8 aC 10 aBC

SPS-Gliricid-
ia

15 aA 13 
aAB

13 aAB 11 aAB 11 aAB 9 aB 10 aB 11 aAB

SPS-Mimosa 12 
abAB

13 aA 14 aA 8 aB 10 aAB 10 aAB 10 aAB 10 aAB

SEM ----------------------------------------------- 1 ---------------------------------------------------  

†Means followed by the same lowercase letters 
in the columns (treatments) and upper case letter 
within rows (sampling dates), within each response 
variable (leaf blade or stem), do not differ by 
Tukey test (P≤0.05). *Signalgrass in monoculture; 

SPS: silvopastoral systems. SEM = standard error 
of mean.
Table 3: Livestock responses during 2-yr experiment 
comparing silvopastoral systems using tree legumes 
with Signalgrass monoculture.

Herbage Allowance (kg DM kg-1 BW)
Jun Jul Aug Sep Oct Nov Dec Jan

Signalgrass† 3.1 aA 3.1 aA 3.0 aA 3.0 
aA

3.0 
aA 2.9 aB 3.0 aA 3.0 aA

SPS-Gliricidia 3.2 aA 3.1 aA 3.0 aA 3.0 
aA

2.9 
aA 2.9 aA 3.0 aA 3.0 aA

SPS-Mimosa 3.0 bA 2.9 bAB 2.4 bB 2.3 
bC --- --- --- ---

SEM ------------------------ 0.02 -----------------------    --------------------- 0.04 --------------
--------

Average daily gain (kg head-1 d-1)
Jun Jul Aug Sep Oct Nov Dec Jan

Signalgrass† 0.93 aA 0.94 bA 0.52 
aAB

0.38 
aB

0.40 
bB

0.36 
aB 0.38 aB 0.55 aB

SPS-Gliricidia 1.11 aA 1.28 aA 0.89 aB 0.70 
aBC

0.61 
aBC

0.49 
aC 0.43 aC 0.63 aBC

SPS-Mimosa 0.50 bA 0.44 cA -0.01 bB -0.03 
bB --- --- --- ---

SEM --------------------- 0.07 ----------------------  ---------------------- 0.10 ------------------
------

Stocking rate (steers ha-1)
Jun Jul Aug Sep Oct Nov Dec Jan

Signalgrass† 3.7 aA 3.5 aA 2.0 aB 2.0 
aB

2.0 
aB 2.0 aB 2.0 aB 2.0 aB

SPS-Gliricidia 3.2 aA 3.2 aA 2.0 aB 2.0 
aB

2.0 
aB 2.0 aB 2.0 aB 2.0 aB

SPS-Mimosa 2.0 bA 2.0 bA 2.0 aA 2.0 
aA --- --- --- ---

SEM ---------------------- 0.2 ------------------------ 
Gain per area (kg BW ha-1 28 d-1)

Jun Jul Aug Sep Oct Nov Dec Jan
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Signalgrass† 95 aA 94 aA 37 aB 26 
aB 22 bB 20 aB 21 aB 31 aB

SPS-Gliricidia 100 aA 112 aA 50 aB 39 
aB

34 aB 27 aB 24 aB 35 aB

SPS-Mimosa 28 bA 25 bA -1 bB -2 
bB

--- --- --- ---

SEM ----------------------- 10 ----------------------- ------------------------- 6 -------------------
-----

† Means followed by the same lowercase letters 
in the columns (treatments) and upper case letter 
within rows (sampling dates), within each response 
variable, do not differ by Tukey test (P≤0.05). 
*Signalgrass in monoculture; SPS: silvopastoral 
systems. SEM = standard error of mean.

Discussion
Greater proportion of green fractions during the 
rainy months and resultant greater green herbage 
accumulation led to greater animal performance 
over this period. The combination of the greater 
proportion of lower-CP stems (relative to leaves) 
and the lower proportion of green fraction explains 
the overall lower CP concentration in the dry 
season. Nitrogen recycling from tree legumes 
might exert positive effect on forage nutritive 
value. In fact, Apolinário et al., (2016) indicated 
that gliricidia leaves have greater N concentration 
than mimosa leaves, and their enhanced litter 
decay rate, ultimately increases N available for 
signalgrass uptake. Lower ADG in SPS-Mimosa 
might have occurred because of lower herbage 
allowance. Greater ADG in SPS-Gliricidia can be 
a consequence of the presence of younger leaves 
and the legume contribution to the system. In a 
companion work, legume leaf biomass within 
the reach of the grazing animals (<1.5 m) ranged 
from 0 to 94 kg DM ha-1 at any given evaluation 
(Herrera et al., 2020, under review). Average daily 
gains observed in this study (0.56, 0.77, and 0.23 
kg head-1 d-1, for cattle on signalgrass growing 

in monoculture, in SPS-Gliricidia, and in SPS-
Mimosa, respectively), are in the range observed 
in the literature for growing animals grazing on 
signalgrass pastures (Santos et al., 2004). 

Conclusions
Silvopastoral systems using tree legumes are an 
option to develop sustainable livestock systems; 
however, tree legumes differ in their ability to 
provide ecosystem services. In this 2-yr study, we 
compared herbage and livestock responses in two 
SPS using either Gliricidia or Mimosa combined 
with signalgrass and contrasted with signalgrass in 
monoculture. Greater animal productivity (average 
daily gain and gain per area) occurred for the SPS-
Gliricidia, followed by Signalgrass in monoculture, 
and then SPS-Mimosa. Competition between 
the Mimosa tree and the herbaceous signalgrass 
canopy reduced green herbage accumulation rate, 
decreasing stocking rate and gain per area as a 
result. In general, both SPS had lower herbage mass 
compared with monoculture; however, greater 
crude protein concentration in signalgrass growing 
in SPS-Gliricidia compensated the lower herbage 
mass translating into greater livestock gains. 
Silvopastoral systems are a sustainable option for 
warm-climate regions. They have potential not 
only to support greater livestock gains, but also to 
provide other ecosystem services that benefit the 
entire society. If livestock production is the major 
desired ecosystem service, gliricidia is a better 
option to use with signalgrass in SPS compared 
with mimosa trees.  
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Abstract
The high-altitude grasslands covering the eastern escarpment of South Africa is one of the country’s most 
valuable habitats for biodiversity, livestock and water production. The habitat hosts several threatened 
bird species including endangered species such as the Rudd’s Lark (Heteromirafra ruddi) and Grey 
Crowned Crane (Balearica regulorum), and vulnerable species such as the Blue Crane (Grus paradisea), 
Wattled Crane (Bugeranus carunculatus), Southern Bald Ibis (Geronticus calvus), and Yellow-breasted 
Pipit (Anthus chloris). Avian research and monitoring have been ongoing within the recently declared 
Ingula Nature Reserve for more than 15 years as part of the activities of the Ingula Partnership - a 
partnership between BirdLife South Africa, Eskom Holdings SOC Ltd and the Middelpunt Wetland 
Trust - with the objective of effectively conserving birds and their habitat surrounding the Ingula Pumped 
Storage Scheme development. Avian monitoring on Ingula refocused in 2014 to confirm the presence 
of threatened species on site, followed by the determination of the breeding status of these species. An 
initiative was then launched to assess the breeding frequency and success of each identified species. 
Breeding monitoring for 13 out of the 24 occurring threatened species commenced in 2014 and was 
conducted for five consecutive seasons. Breeding success per season was measured in relation to the 
grassland management regime of that season (including both fire and grazing), as well as weather data, 
adjusting for dry and wet seasons. Results confirm that various grassland management regimes directly 
influenced the initiation of breeding activities and density of several of the species studied, while others’ 
breeding success and frequency were more dependent on macro-weather patterns (including climate 
change) and fire frequency and timing. These results have direct implications for the management of 
highland grasslands and associated species in the given region. 

Introduction
The grasslands of the Mesic Highland Grassland 
(MHG) region are one of the most threatened 
habitats due to high rates of loss, degradation and 
fragmentation (more than 60% of the grasslands in 
Southern Africa irreversibly transformed through 
woody encroachment or agricultural practices), 
with only 2.2% under formal protection (Carbutt 
& Martindale 2014; Colyn et al., 2020; Mucina et 
al., 2011). Climate, grazing and fire are important 
drivers of biodiversity and habitat condition within 

mesic grassland ecosystems, but inappropriate use 
of these regimes, e.g. overgrazing and too-frequent 
fires, can have significant impacts on species 
richness, abundance and diversity (Andrade et 
al., 2016; Little et al., 2013; Mucina et al., 2011; 
Maphisa et al., 2016; 2017). This reduction in 
abundance is most prevalent across grassland 
specialist species, with fire being deemed to 
have a greater impact than grazing (Little et al., 
2013). The MHG region hosts 24 regionally 
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threatened birds, some of which rely exclusively 
on grassland habitat, whilst others require both 
wetland and neighbouring grassland habitats to 
fulfil their ecological requirements (Taylor et al., 
2015). Three grassland habitat specialist birds are 
completely restricted to this region: Rudd’s Lark 
Heteromirafra ruddi (Endangered), Botha’s Lark 
Spizocorys fringillaris (Endangered) and Yellow-
breasted Pipit Anthus chloris (Vulnerable; Taylor et 
al., 2015; Pietersen et al., 2017). Although all three 
species are influenced by grassland management 
regimes (Little et al., 2013; Maphisa et al., 2017), 
climate change is also projected to have significant 
detrimental impacts on their distributions (Huntley 
& Barnard 2012). Recent studies have assessed 
the impact of management regimes on highland 
grassland species richness and associated 
management requirements of common bird species 
(Maphisa et al., 2016; 2017) in southern Africa. 
However, the impacts of disturbance regimes and 
climate, together with the subsequent management 
requirements of threatened bird species, require 
further investigation (Bento et al., 2007; Little 
et al., 2013). The objectives of this study are to 
determine the breeding activity and density of three 
threatened bird species selected as indicators for 
the MHG region of southern Africa; and to assess 
the interaction between management regimes (fire 
and grazing) and climate on their breeding activity 
and population density.

Materials and Methods 
The study was conducted in and around the Ingula 
Nature Reserve (Maphisa et al., 2016; 2017). 
Weather data are recorded daily on INR using a 
Davis Vantage Pro2 weather station. The mean 
annual rainfall over the study period (2014-2019) 
was ~840 mm. The mean maximum summer 
temperature was 27.6°C, mean minimum winter 
temperature was 7.9°C, and the hottest and 
coldest days recorded were 39.5°C and -1.3°C, 
respectively. Ecological conditions on INR, and 
historical management practices are described in 
Maphisa et al., (2016, 2017). Daily weather data 
were collated into monthly metrics for rainfall 
and temperature. All covariates were tested for 
association/correlation using Pearson’s correlation 
coefficient. 

Three avifaunal species out of 13 monitored, were 
selected as indicator species of habitat quality. The 
species chosen were Yellow-breasted Pipit as an 
indicator of grassland quality (Colyn et al., 2020), 
and Wattled Crane Grus carunculata and African 

Marsh Harrier Circus ranivorus as indicators of 
wetland quality (Taylor et al., 2015). 

Routine systematic avian surveys have been 
conducted within INR since 2009 and are 
comprised of point and line transects, during 
which breeding sites were identified. Core areas 
noted to host pairs and/or territorial individuals 
were monitored monthly during the breeding 
seasons of each species, which resulted in year-
round monthly monitoring between August 2014 
and October 2019. Walked transects were used 
for grassland ground-nesting species (i.e. Yellow-
breasted Pipit), where nest localities are highly 
variable between years depending on habitat 
structure and are not recordable from vantage 
point surveys. Vantage point surveys were used for 
wetland species (i.e. Wattled Crane and African 
Marsh Harrier) and allowed for the non-invasive 
identification of nest sites and/or assessment of 
breeding activity from selected vantage points 
using a spotting scope. Breeding surveys recorded 
the presence/absence of breeding, and type of 
observed breeding activity. For line/walked 
transects, the above data were recorded for each 
individual sighting of a focal species, thereby 
potentially resulting in numerous breeding pairs 
per survey. Monthly data for each surveyed site 
within each species were then converted into a 
binary matrix of either active breeding (1) or non-
breeding (0).

Remotely sensed indices were used to test the 
influence of fire, grazing and vegetation cover 
on breeding times and densities. Remote sensing 
data acquisition, analyses and index creation were 
conducted in the Google Earth Engine platform 
(GEE) (Gorelick et al., 2017). All remote sensing 
data and related indices were created from 
Sentinel-2 imagery (European Space Agency 
2015). Using the differenced normalised burn ratio 
(dNBR) we extracted two covariates: seasonal 
(spring vs. winter) burning extent, and time (in 
months) since last fire event (Key and Benson 
2006; Picotte and Robertson 2011). We used the 
Normalised Difference Vegetation Index (NDVI) 
as proxy for vegetation cover (%; Maphisa et al., 
2017; Colyn et al., 2020). Grazing intensity was 
calculated according to the large animal unit scale 
where possible or scored as a binary presence of 
livestock presence (1) or not (0; Little et al., 2013, 
Andrade et al., 2016; Colyn et al., 2020).

Peak monthly breeding activity for each species 
were visualised using the kernel density estimate 
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function in R 3.6.3 (R Development Core Team 
2017). The database of monthly periods of 
breeding and non-breeding were transformed 
into a binary matrix (0/1) for use within a logistic 
regression (GLMM) modelling framework using 
the R package lme4 (Bates et al., 2019). We 
collated environmental covariate data related to 
seasonal burn extent (ha) for winter and spring, 
time since last burn (n months), grazing presence/
absence (0/1), grazing intensity (0-2), and climatic 
variables across the temporal period of assessment, 
with localities surveyed being treated as the fixed 
effect factor. The R package MuMIn was used to 
select the best model based on AIC. When model 
outputs did not clearly support a single model fit 
for the data, model averaging was used. Model 
averaging was used if models produced ΔAIC 
weights of less than 2 and produced comparable 
AIC weight. 

To analyse the association between nesting density 
and management, a linear regression modelling 
framework was utilised. In cases where species 
datasets were not normally distributed, the 
package moments (Komsta 2015) and square root 
function was used to reduce skewness to -0.5 to 
0.5. Nesting density was represented as the number 
of identified breeding pairs or nest sites per ha 
within a given management unit for grassland and 
wetland ground-nesting species. Breeding density 
was the dependant variable, which was modelled 
against the same grazing and fire covariates used 
in breeding activity analyses. However, instead of 
monthly covariate values, covariates represented 
the average of the respective breeding season for 
which a breeding density estimate was recorded. 
Out of the three species, only two (Yellow-
breasted Pipit and African Marsh Harrier) had 
enough breeding data to include in breeding 
density analyses.

Results
Breeding activity

Breeding activity for all species assessed, except 
Wattled Crane, were associated with an increase 
in mean maximum temperature and number of 
rainfall events.

Yellow-breasted Pipit breeding was initiated in 
late spring and early summer and reaching the 
peak in December-January. The species displayed 
a negative association between the number of days 
with temperatures exceeding 32⁰C and cumulative 

rainfall with breeding activity and conditions 
becoming unsuitable for breeding later during 
the summer. However, areas of higher grassland 
vegetation cover (high NDVI) yielded higher 
probabilities of breeding activity for Yellow-
breasted Pipit. 

Breeding activity for the wetland ground-nesting 
African Marsh Harrier Circus ranivorus peaked 
October-November. African Marsh Harriers 
responded negatively to cumulative rainfall, and 
breeding activity was strongly associated with 
increased NDVI (>0.4) of wetland vegetation 
surrounding nest sites. In addition, African Marsh 
Harrier breeding activity was positively associated 
to the number of months since a fire event, with 
wetlands left unburnt for more than 10 months 
having a significantly higher probability of 
breeding activity.

Wattled Crane breeding activity, however, was 
not seasonally restricted. Peak periods of breeding 
were noted in mid-winter (June-July) in 2014-
2016 then shifted to early summer (November) in 
2017-2019. Breeding activity was most strongly 
associated with the number of months since a 
fire event and the number of rainfall events with 
the probability of breeding activity increasing at 
recently burned wetlands and during months when 
it rained.

Breeding density

Only grazing intensity significantly influenced 
the breeding densities of Yellow-breasted Pipit. 
Breeding density was higher in management units 
with low grazing intensities and high grassland 
vegetation cover. Average breeding densities 
recorded in management units with low grazing 
intensities was 0.23 pairs·ha-1 (range 0.05-0.52). 
In units with no large ungulate grazing and high 
(> 1 LAU/15 ha) grazing intensities, densities 
were 0.08 (range 0–0.2) and 0.04 (range 0–0.14) 
pairs·ha-1, respectively. 

Breeding densities of African Marsh Harriers 
ranged from 0.01–0.03 pairs·ha-1 (mean 0.02 
pairs·ha-1), with an average of one breeding pair 
per 47.5 ha of wetland habitat. Breeding density 
was decreased by the presence and extent of spring 
burns, with results suggesting that breeding ceased 
if >20% of a wetland was burnt. Conversely, the 
extent of winter burns had no marked influence 
on breeding density. Wetland vegetation cover 
positively influenced breeding density, with NDVI 
values > 0.4 preferred. 
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Discussion 
The breeding activity and density of threatened 
grassland birds in our study were significantly 
influenced by climate, fire and grazing pressure. 
Both temperature and rainfall influenced breeding 
phenology, as found in other studies globally 
(e.g. Wesolowski and Cholewa 2009; Gibbs et 
al., 2011). Mean maximum temperature was 
highlighted as a driver of the onset of breeding in 2 
of 3 study species, irrespective of varied ecological 
traits (see also Drake and Martin 2018). Sporadic 
and/or long-term changes in both rainfall and 
temperature can have significant impacts on many 
facets of breeding phenology, including the timing 
of breeding, and length of the breeding season, 
(Wesolowski and Cholewa 2009; Gibbs et al., 
2011; Hovick et al., 2015; Drake and Martin 2018). 
Given the projected changes in both rainfall and 
mean temperature across the highland grassland 
region of South Africa (Tadross et al., 2005), shifts 
in the breeding phenology of highland grassland 
species are likely to become more prevalent.

Within our study, the influence of temperature 
extremes (i.e. number of days > 32⁰C) on breeding 
activity was most marked among a ground-nesting 
grassland specialist species – Yellow-breasted 
Pipit. The increased sensitivity and susceptibility 
of ground-nesting species to thermal extremes is 
most severe while breeding (Albright et al., 2010; 
Carroll et al., 2015). Projected contractions of 
climatic niches in highland grassland species (see 
Huntley and Barnard 2012) were most severe for 
endemic highland grassland species including 
Yellow-breasted Pipit. Our results suggest that 
current climatic extremes already have a significant 
influence on the breeding activity of Yellow-
breasted Pipit and could be applied to other ground-
nesting highland grassland species with similar 
ecological traits. These extremes are expected 
to increase (Tadross et al., 2005; SAWS 2017), 
requiring an optimisation of nest selection (e.g. 
varied grass structure) as an ecological response 
in the context of the thermal landscape (Carroll 
et al., 2015). Therefore, promoting structural 
heterogeneity within grasslands, particularly grass 
height and cover, may reduce the effects of high 

temperature extremes during breeding, increase 
breeding success and promote overall abundance 
of ground-nesting grassland birds (Carroll et al., 
2015; Hovick et al., 2015; Maphisa et al., 2017).

The cumulative impact of other key drivers of 
vegetation cover during breeding in our study, 
fire seasonality and grazing intensity, significantly 
reduced ground-nesting densities (ca 60-100% 
reduction) of our species. The detrimental impact 
of inappropriate disturbance regimes has been 
reported in highland grasslands (Jansen et al., 
2001; Little et al., 2013; Andrade et al., 2016). Our 
study displays that the species-specific responses 
to, and requirements of, grassland management 
regimes can be highly varied, although low grazing 
intensities benefitted most grassland species. 
Similarly, the Wattled Crane was the only wetland 
species to respond positively to more frequent 
fires, whilst other species were adversely affected 
by frequent spring burns. 

Wattle Cranes are often closely associated with large 
mammal grazers for food availability (Hockey et 
al., 2005; Bento et al., 2007). Due to the reduction 
and/or absence of large grazers at many wetlands 
in our study, fire replaces grazing by thinning 
out dense wetland vegetation and increasing the 
accessibility of tubers (Bento et al., 2007). These 
conflicting responses to environmental drivers 
show that thorough knowledge of the ecology 
and requirements of focal species is required to 
effectively direct grassland management actions. 
Avoiding high frequency burning and particularly 
spring burns and creating a mosaic of grazer 
intensities across management units, is likely 
to be the best strategy to meet the conservation 
requirements of habitat specialist grassland and 
wetland bird species. 
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Abstract
Traditional land use practices have shaped European landscapes for millennia. Agricultural intensification 
and declining popularity of pastoral farming in the past century have resulted in a tremendous loss of 
extensively used open landscapes and associated biodiversity. Today, conservation management needs 
to prevent secondary succession of many open habitats. Large or inaccessible target areas unsuitable for 
conventional conservation measures might benefit from grazing by wild herbivores, which do not require 
fencing nor regular welfare monitoring. In a military training area in Germany, we studied the quantitative 
and qualitative effects of wild red deer in two protected open habitat types (lowland hay meadows and 
European dry heaths) based on grazing exclusion experiments over three years. Using movable exclusion 
cages, we showed that the amount of biomass annually removed by red deer was similar to the forage 
removal in livestock-based conservation grazing systems. Mown grasslands were particularly attractive 
to red deer owing to enhanced productivity and forage quality, suggesting that red deer grazing activities 
can be influenced by mowing. In addition, we compared the vegetation development in grasslands and 
heathlands with and without red deer grazing using open and permanently fenced plots. Grassland plant 
diversity decreased in fenced plots. In both habitat types, different structural vegetation characteristics, 
e.g. increasing sward and litter height, indicated successional developments when red deer grazing 
was excluded. Our results substantiate that allowing red deer access to open landscapes could not only 
alleviate potential conflicts with forestry, but can also promote open vegetation structure and diversity, 
thus providing a valuable contribution to the conservation management of semi-natural habitats.

Introduction
The cultural landscapes of Europe have been created 
through many centuries of traditional land use such 
as pastoral farming (Poschlod et al., 2009). Many 
plant and animal species of high conservation 
importance depend on these heterogeneous 
semi-natural open landscapes. Widespread 
agricultural intensification, indoor housing of 
livestock and abandonment of low-productive 
sites have, however, resulted in a tremendous loss 
of extensively used open landscapes and their 
associated biodiversity (Wesche et al., 2012)we 
ask how management intensification and increased 
nutrient input initiated in the 1950/1960s have 
altered grassland plant community composition, 
species diversity and functional trait composition 
using comprehensive datasets from five floodplain 
regions (plus one protected reference region. 
Maintaining protected semi-natural open habitat 

types today therefore often requires conservation 
management measures such as grazing, mowing 
or burning to keep up biomass removal levels 
necessary for preventing secondary succession 
(MacDougall and Turkington 2007, Tälle et al., 
2016, Valkó et al., 2018). 

Implementing conservation management is a 
major challenge when the target area is large 
or difficult to access. This is especially so for 
military training areas, which often feature high 
biodiversity including many threatened and 
endangered species (Warren et al., 2007, Riesch 
et al., 2018). In contrast to livestock that require 
fencing and regular monitoring of health and 
wellbeing, wild herbivores do not require frequent 
human presence in the target area and could thus 
usefully complement available strategies for 
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conservation management of semi-natural open 
habitat types.

We studied in a three-year field experiment if 
grazing by the most widespread autochthonous 
large herbivore species in Central Europe, the red 
deer (Cervus elaphus), contributes to maintaining 
the vegetation structure and diversity of different 
semi-natural open habitat types protected under 
the European Habitats Directive. 

Materials and Methods
Our study area was the US Army Garrison 
Grafenwöhr Training Area (GTA) in Germany 
(49°40′56″ N, 11°47′20″ E) extending over 230 
km2 made up of 60% forest and 40% open land 
(Raab et al., 2019)the increased amount of data 
requires effective machine learning algorithms and 
data compression approaches. In this study, the 
Random Forest and C 5.0 classification algorithms 
were applied to (1. Long-time (1981–2010) annual 
averages of temperature and precipitation are 8.3 ± 
0.04°C and 701 ± 4 mm. GTA is characterized by 
a large population of wild red deer. Owing to an 
adapted hunting regime, which has been applied 
for several decades, the animals regularly forage 
in open land areas (Richter et al., 2020). 

We established our grazing experiment in 
grasslands (EU Habitats Directive Annex I habitat 
type 6510 lowland hay meadows) and heathlands 
(4030 European dry heaths) with five sampling 
sites (each c. 1 ha in grasslands and c. 0.5 ha in 
heathlands) per habitat type. Grassland sampling 
sites were split into treatment areas that were 
either burnt or mown once per year or remained 
untreated. We installed one open and one fenced 
plot (ca. 15×15 m, 10×30 cm mesh size) per 
treatment totalling 15 plot pairs in grasslands. In 
heathlands, we examined only untreated areas 
on two sites with one and three sites with two 
plot pairs. We assessed the standing biomass 
combining rising‐plate meter measurements of the 
compressed sward height (CSH) and calibration 
cuts (Correll et al., 2003) and estimated the cover 
of bare soil at five annual sampling dates in 2015–
2017. Movable exclusion cages (one per open 
plot) allowed measuring the above‐ground net 
primary productivity (ANPP) and forage removal 
by red deer for growth periods between succeeding 
sampling dates (McNaughton et al., 1996). In 
2014, before the beginning of the experiment, we 
visually assessed the relative biomass contribution 
of each vascular plant species to the total above-

ground plant dry matter biomass on a 5×5 m relevé 
per plot. We repeated this survey in 2018 after three 
years of red deer exclusion. Additionally, in 2018, 
we measured the maximum height of fallen litter 
and counted the total number of individuals of 
woody species per plot. More detailed information 
on the study is presented in Riesch et al., (2019, 
2020)which can be achieved by extensive grazing 
with livestock species. However, implementing 
this established conservation management 
strategy in large or access-restricted areas is often 
not possible. We investigated grazing by wild 
and free-ranging red deer Cervus elaphus as an 
alternative conservation management approach 
on an active military training area in Germany. In 
grasslands and heathlands protected under the EU 
Habitats Directive, we quantified above-ground 
net primary productivity, forage quality and forage 
removal by red deer over three successive years. 
To assess synergistic effects between wildlife 
grazing and additional grassland management 
measures removing vegetation biomass (i.e. 
burning, mowing. 

Results
Forage removal by red deer 

Annual forage removal by red deer amounted to 
35%, 44% and 48% of the ANPP in burnt, mown 
and untreated grasslands (Fig. 1a). In the mown 
treatment, however, red deer forage removal 
actually accounted for 79% of the residual fraction 
of ANPP that was not removed by mowing (average 
yield 204 g/m2). In heathlands, forage removal by 
red deer amounted to 59% of the ANPP. The daily 
rates of red deer forage removal were 58% higher 
in mown (averaging 0.71 g m-2 d-1) than in burnt 
(0.45 g m-2 d-1) areas and intermediate in untreated 
grasslands. Forage removal rates peaked in spring 
and early summer from April to June at 1.1 to 1.9 g 
m-2 d-1. In heathlands, forage removal rates differed 
significantly from zero only in October–April with 
0.4 g m-2 d-1 on average.

Red deer grazing effects on vegetation structure 
and diversity

The exclusion of red deer resulted in increasing 
CSH in fenced compared to open plots in both 
habitat types. At the end of the third study year, 
the CSH in fenced grassland plots was on average 
5.0 cm higher than in the open plots, while the 
difference in heathlands amounted to 3.5 cm. 
Moreover, in heathlands, the area covered by bare 
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soil in the fenced plots decreased continuously 
from 2016 onwards (Figure 1b). In 2017, the bare 
soil cover in fenced plots was 50% lower than 
in 2015. The estimated contribution of the main 
species Calluna vulgaris to the total above-ground 
biomass showed a reverse development (Riesch et 
al., 2020). 

Before the start of the red deer exclusion 
experiment, grasslands plant species richness did 
not differ, averaging 47 species per 25 m2 across 
all treatments and plots (Fig. 1c). In 2018, species 
richness was significantly lower and showed a 

Figure 1: Mean (±SE) of (a) above-ground net primary productivity and forage removal by red deer 
in grasslands and heathlands in Grafenwöhr military training area in 2015−2017, (b) percent cover of 
bare soil in heathlands in plots protected against (fenced) or open to red deer grazing, (c) grassland 
plant species richness per 25 m2-relevé in 2014 before the start of the experiment and 2018 after three 
years of red deer exclusion from fenced plots and (d) litter height in grasslands and heathlands (cf. 
Riesch et al., 2019, 2020)which can be achieved by extensive grazing with livestock species. However, 
implementing this established conservation management strategy in large or access-restricted areas 
is often not possible. We investigated grazing by wild and free-ranging red deer Cervus elaphus as 
an alternative conservation management approach on an active military training area in Germany. In 
grasslands and heathlands protected under the EU Habitats Directive, we quantified above-ground net 
primary productivity, forage quality and forage removal by red deer over three successive years. To 
assess synergistic effects between wildlife grazing and additional grassland management measures 
removing vegetation biomass (i.e. burning, mowing.

marginal difference between plots with a higher 
number of species in the open than in the fenced 
plots. Besides, in 2018, the average species 
richness was significantly higher in the mown than 
in the other grassland treatments. In heathlands, 
plant species richness was lower in 2018 than in 
2014 (14 vs. 11 species per relevé), but there was 
no difference between open and fenced plots. The 
height of the litter layer measured in April 2018, 
approximately 30 months after installation of the 
exclusion fences, was higher in the fenced than in 
the open plots in both grasslands and heathlands 
(Fig. 1d). 
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Discussion 
We measured substantial forage removal by wild 
red deer. Theoretically, the overall average annual 
red deer forage removal corresponded to grazing 
by 0.54 and 0.45 standard animal units (requiring 
8.8 kg dry matter forage per day at maintenance 
level, Allen et al., 2011) per ha in grasslands and 
heathlands. Hence, free‐ranging red deer can 
remove similar amounts of forage as livestock 
in conservation grazing schemes (e.g. a stocking 
rate of 0.5 animal units ha-1year-1 is recommended 
extensive grazing of neutral grasslands (Crofts and 
Jefferson 1999).

We found that red deer forage removal increased 
with increasing grassland productivity and 
forage quality (Riesch et al., 2019)which can be 
achieved by extensive grazing with livestock 
species. However, implementing this established 
conservation management strategy in large or 
access-restricted areas is often not possible. We 
investigated grazing by wild and free-ranging red 
deer Cervus elaphus as an alternative conservation 
management approach on an active military training 
area in Germany. In grasslands and heathlands 
protected under the EU Habitats Directive, we 
quantified above-ground net primary productivity, 
forage quality and forage removal by red deer over 
three successive years. To assess synergistic effects 
between wildlife grazing and additional grassland 
management measures removing vegetation 
biomass (i.e. burning, mowing, i.e. was high in 
spring and early summer when forage productivity 
and quality were high. This is in line with the 
forage maturation hypothesis (e.g. Mysterud et 
al., 2017)high‐quality forage along environmental 
gradients in the landscape, termed green wave 
surfing. Consequently, the higher forage removal 
in mown grasslands can be explained by the 
elevated productivity and forage quality after the 
cut in late summer. Camera surveillance of open 
plots corroborated that red deer actually frequented 
the mown grasslands more often than the other 
treatments (Riesch et al., 2020). Therefore, 
mowing specific areas could be used to influence 
the habitat use of red deer by providing attractive 
forage in the late season. 

Analysing different vegetation parameters, we 
showed that the forage removal by red deer helped 
maintain the characteristic vegetation structure and 
diversity of both grasslands and heathlands. During 
the three study years, vegetation height increased 
and litter accumulated in the fenced plots. Litter 

accumulation, which can limit the germination 
and establishment of plant species (Kelemen et al., 
2013), and increasing dominance of competitive 
plant species (as indicated by decreasing Inverse 
Simpson index, Riesch et al., 2020) could have 
contributed to the decreasing plant species richness 
in the fenced grassland plots. The fact that plant 
diversity decreased in all other plots than the open 
plots in mown grasslands suggests that relatively 
productive habitats, such as hay meadows, can be 
preserved well by combining red deer grazing with 
an annual cut. 

In heathlands, plant species richness was not 
affected by red deer exclusion, but we observed that 
the cover of bare soil, which is vital for heathland 
flora and fauna (Chytrý et al., 2001, Cameron and 
Leather 2012), decreased. Actually, in the third 
study year, the cover of bare soil in fenced plots 
fell below the official requirements (5−25%) for 
a favourable conservation status of European dry 
heaths. At the same time, the biomass contribution 
of C. vulgaris increased, which might indicate a 
development towards mature or degenerate Calluna 
life-history stages (Barclay-Estrup 1970). Grazing 
by wild red deer could hence promote the vitality 
of Calluna heaths similar to livestock grazing at 
appropriate stocking rates (Fagúndez 2012). The 
much larger number of woody plant individuals 
in the fenced heathland plots (Riesch et al., 2020) 
provided further evidence that the exclusion of 
wild red deer had allowed for the beginning of 
forest succession, which is one of the main threats 
to the conservation of this habitat type (Fagúndez 
2012). As severe summer grazing might have 
detrimental effects on C. vulgaris (Gimingham 
1989), it seems particularly favourable that the 
grazing impact of red deer in heathlands in our 
study was most pronounced in winter.

We conclude that red deer grazing could be a 
viable management opportunity for many areas of 
high conservation value, such as military training 
areas, core zones of national parks or other large 
nature reserves, if hunting regimes were modified 
in a way that enabled red deer to forage in open 
areas where grazing is considered beneficial. This 
could not only help the conservation of semi‐
natural open habitats but also reduce damage 
in commercial forests (Zweifel-Schielly et al., 
2012). In addition, implementing grazing by an 
autochthonous wild ungulate species would be 
a timely conservation approach that reduces the 
need for human interventions and allows restoring 
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more natural grazing regimes and ecological dynamics. 
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Abstract
Global warming has changed the rainfall regime in the Sahelian region, endangering and widespread 
poverty and chronic famines in Cape Verde, where rural communities’ well-being and food security 
depend on rainy agriculture. Local responses to rainfall new patterns and scarcity have been livestock 
reduction with significant revenue losses. Together with dry mist occurrences, these environmental 
constraints demand to define priority actions to adapt and mitigate climate change’s direct impacts. 
According to fifty household inquiries, this work explains the transhumant grazing practices on a semi-
arid plateau in Tarrafal (Santiago, Cabo Verde), prospecting adaptation alternatives for sustainability. 
We related grazing patterns and pastoral infrastructures to the household’s socioeconomics, analyzing 
the livestock system - composition and management - and their relationship to rangeland utilization. 
Livestock of male-headed households is different from female-headed ones, mainly cattle in the firsts 
and goats in the lasts. Herds decreased during the 2016-2018 drought, including equine that lost interest 
in supporting farmers that abandoned the most remote agriculture patches. Based on a carrying capacity 
zoning, the geographical analysis assessed existing water supply structures’ suitability and designated 
new ones to improve transhumance effectiveness. New watering points along principal depressions 
allow to establish forage species - Parkinsonia aculeata, Opuntia ficus-indica, Pannisetum pedicellatum, 
and Desmanthus virgathus – and reduce stormwater runoff. It also means to improve natural resources 
by biodiversity conservation and wildlife management. These and other proposals could sustain and 
adapt the Tarrafal transhumant grazing system to climate change, reduce the farmers’ income loss, and 
improve food security.

Introduction 
The role of livestock in food security and poverty 
reduction in West Africa is globally acknowledged. 
Livestock products provide global calories and 
protein for human consumption (Bowles et al., 
2019). Furthermore, extensive livestock is carried 
out in disadvantaged areas for agriculture or in 
locations where it is not feasible. Also, it provides 
manure for agricultural production (FAO 2011). 

Pastoral systems are mostly found under harsh 
environmental conditions, usually in dryland 
areas. They show a remarkable ability to take 
advantage of fluctuations in resource availability. 
Through the ages, pastoralists and their animals 
have developed adaptive capacities to face spatial 
and temporal scarcity of pastoral resources 
(Schoenbaum et al., 2017). Animal mobility is 
one of the main strategies to respond quickly to 

fluctuations in resource availability, and they are 
used in different forms: nomadism, transhumance, 
or moving herds around outside the structural 
limits of the farm (Castro et al., 2020). However, 
the capacity for adaptation and resilience is not 
limitless, and these systems now face the global 
challenge of climate change.

Climate change is a major concern for current 
livestock systems worldwide (Godde et al., 2021). 
Their variable dependence on the climate will 
variably affect the different livestock production 
systems: industrial or landless, crop-livestock and 
grazing or pastoral (Nardone et al., 2010). Pastoral 
systems will be exposed to harsh climatic effects, 
particularly in dryland areas; some studies forecast 
up to 50% loss of available biomass (Nardone et 
al., 2010).



766

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

Therefore, climate change is a challenge both 
for pastoral systems and millions of pastoralists 
worldwide, at risk of losing their livelihoods (FAO 
2020). Global warming and its associated changes 
in mean climate variables and climate variability 
affect feed and water resources and animal health 
and production (Godde et al., 2021). Those threats 
are particularly severe in Small Island Developing 
States such as Cabo Verde, characterized by 
isolation, vulnerability to natural disasters, scarce 
soil and subsoil resources, recurrence of droughts, 
fairly small market size, despite a huge opening to 
the outside world (ADB 2013)

This study investigates the transhumance system 
of Tarrafal (Santiago island, Cabo Verde) to 
perceive how the herders’ expectations to adapt 
their rangelands and practices to climate change 
relate to pastoral communities’ socio-economic 
conditions.

Materials and methods 
The study focuses on five communities of Tarrafal 
in the north-east of the Santiago island (15º16’N, 
23º45’W) that benefit from 2494 hectares of a 
fenced semi-arid pastoral plateau (20-300m a.s.l, 
24.5 °C, 300 mm): Trás-os-Montes and Fazenda 
are inside, and Mato Brasil, Achada Moirão, and 
Biscainhos are outside the plateau. The rangeland 
is a savanna-like landscape of Prosopis juliflora 
promoted by FAO in the 70s with important 
shrublands of Euphorbia tuckeyana, Sarcostemma 
daltoni, Paronychia illecebroides in uplands, 
Compylanthus glaber and Nauplius daltonii in 
southern slopes, Cynodon dactylon, Melinis repens, 
Aristida sp, Ipomoea purpurea, and Commicarpus 
helenae in low lands, and Ricinus communis, 
Jatropha curcas, and Cassia bycapsularis around 
water streams.

The investigation is based on family interviews 
covering 50 pastoralist households that utilize the 
plateau – 25 woman-headed and 25 man-headed 
– and secondary information from qualified 
official sources. The inquiries included data on the 

population structure and educational background, 
composition of livestock, the organization of 
livestock husbandry and plateau use, and the 
people´s livelihoods.

ANOVA was performed to determine differences 
in structure and socio-economic assets of the 
households between locations (one-way) and to 
determine differences in the herd composition 
among locations and genres (two-way). Pearson’s 
Chi-squared tests were used to find if there were 
significant differences in the livestock management 
(surveillance period and feeding system after 
going back) of different locations

Results
Structure and socio-economic assets of the 
households

Out of 50 households, nearly two-thirds (62%) 
are composed of nuclear families with children, a 
fourth part by nuclear without children (24%), and 
only 14% by extended families. More than half of 
these families have no children (0-15), 38% have 
one or two in this age class, and only 4% have three 
child members. Within the working population 
(15-64), 28% of respondents have four or more 
elements, 40% have three people, 14% have two 
or no people, and only one element compose 4%. 
In the older layer (> 65), 34% have two and 26% 
one people, 40% of households do not have people 
in this age group.

Education levels were generally very low - more 
than three-quarters (74%) of the respondents have 
no formal instruction, but 8% have a superior 
education level (Table 1). Despite being small-
scale livestock keepers, most of them have another 
main profession; 38% of respondents have a 
professional activity not related to agriculture 
(Table 1). All households have extra income 
from various sources (Table 1). No significant 
differences were found in the structure and socio-
economic assets between locations.

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/livelihood
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Table 1 : Socio-economic assets of the households in percentage.

Education level
No education

64

Alphabetization

10

Primary /secondary

12 + 6

Superior

8

Employment
Domestic

40

Farmers

22

Teachers

18

Others

20

Extra income
Remittances emigrants

45

Social grants

31

Retirement

21

Study grants

3

Livestock types, herd sizes, and genre ownership

The households own various livestock although the number of heads per household is very low (Table 
2). No significant differences were found in the ownership of different livestock type and mean herd size 
between locations. The herd size of cattle is higher for male-headed households- (p = 0.022), and the 
number of goats is higher for female-headed households- (p = 0.009).

Table 2: Livestock ownership and heads

Livestock type Number of households Median herd size/household
Goats 49 4 (1-70)

Sheep 36 2 (2-4)

Cattles 45 2 (1-4)

Donkeys 20

Livestock and rangeland management proposals

Majority of 5the households practice transhumance. 
In the early rainy season, around July, animals 
move in a short migration after the long dry season, 
mainly cattle and sheep and goats, towards the 
Tarrafal plateau. While they are away from their 
farms, animals are surveyed every 8 or 15 days 
(χ2 = 27.161***), depending on smallholders’ 
residency. With the end of the rainy season 
(October-November), pastoral resources start to be 
scarce and, in two months, they are depleted. Thus, 
animals back to the farms around February, some 
are sold, and others are kept. Smallholders living 
outside of the territory plateau fed their animals 
at home with crop residues, mainly maize straw 
and grass caught in remote areas. The animals of 
the plateau villages continue to be fed on pastures 
around the houses (χ2 = 37.264***).

Figure 1: Study area and pastoralists’ proposals 
based on climate change perceptions.

Figure 1 illustrates the proposals that users perceive 
and refer to as necessary to adapt its plateau to 
climate change. It includes livestock infrastructures 
– watering points and support buildings – and 
revegetation of streams (Leucaena leucocephala), 

steep slopes (Aleo vera), and a gradual replacement 
of Prosopis juliflora by Parkinsonia aculeata, 
Opuntia ficus-indica, Pannisetum pedicellatum, 
and Desmanthus virgathus. Furthermore, local 
communities mentioned the government proposal 
to establish a new Nature Park inside the study 
area – Monte Graciosa – that is intended as an 
additional opportunity to invest in the recovering 
of its rangelands.

Discussion and Implications
About three-quarters (74%) of the respondents 
have no plans to increase their herds. Some 
livestock keepers are old aged, and working 
conditions are very harsh.  Croplands are too far 
away from the homesteads, making it difficult to 
transport both the crops and the by-products used 
in animal feed at home. In turn, climate change 
increases livestock uncertainty and income 
insecurity, which may lead to the abandonment 
of the activity, contributing to food insecurity and 
poverty. Tarrafal transhumant system consists of 
livestock moving between dryland crop areas and 
rain pastures. The transhumance system reduces 
rural communities’ exposure to hunger and poverty 
in preserving their livelihoods. 
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Livestock’s vulnerability to climate shocks depends 
first on their exposure, which is determined by the 
duration, frequency, and severity of the shocks and 
the location of the stocks and related assets (e.g., 
feedstock, housing, water points) (FAO 2013). 
The duration and frequency of drought periods 
in the Sahelian region have been increased in the 
last years. Thus, adaptation measures should be in 
place at the farm, community, and policy levels 
to guarantee food security and safeguard rural 
sustenance from climate change impacts. Possible 
adaptive responses include policy alternatives 
(e.g., infrastructural development) 

Based on a carrying capacity zoning, the 
geographical analysis assessed existing water 
supply structures’ suitability and designated new 
ones to improve transhumance effectiveness. 

New watering points along principal depressions 
allow to establish forage species – Parkinsonia 
aculeata, Opuntia ficus-indica, Pannisetum 
pedicellatum, and Desmanthus virgathus – and 
reduce stormwater runoff. It also means to improve 
natural resources by biodiversity conservation and 
wildlife management. These and other proposals 
could sustain and adapt the Tarrafal transhumant 
grazing system to climate change, reduce the 
farmers’ income loss, and improve food security.
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Abstract
Grassland ecosystems play significant role in mitigating the climate change by sequestering atmospheric 
CO2. One fifth of the total terrestrial C is stored in the root zone of grasslands as soil organic carbon. 
However, because of lack of proper management, overgrazing, and conversion to crop lands, these 
grasslands are becoming a source of CO2 emissions. It has been observed that in Imperata grasslands 
of Northeast India, a third of total C captured annually is lost though CO2 emissions. In the absence of 
intensified grazing and burning, these grasslands exhibit significantly high capacity to store SOC stocks. 
On the other hand, Southern grasslands of China inherently have a weak C sink. Grazing and burning 
together significantly increased CO2 fluxes as observed in Andean grasslands. With the introduction 
of high yielding grass species and with liberal use of chemical fertilizers, grazing land intensification 
has been found to rather promote SOC sequestration. It has been observed that in C4 grass species 
dominated tropical and sub-tropical grasslands; there occurs a rapid transfer of plant C into mineral-
dominated C pools. With change of C3 to C4 grass species, the grazer effects rather shift from negative to 
positive even under decreasing precipitation conditions.  Similarly, rise in atmospheric temperatures due 
to climate change affects grasslands differently depending on the dominating grass species. Graminoids 
and shrubs appear to benefit from elevated temperatures while forbs are likely to decrease in abundance 
through competitive elimination. Extreme heat waves and frequent drought events is decreasing the 
extent and capacity of forests as C sink as compared to grasslands. Grasslands have been shown to be 
comparatively more resilient to changes in climate. The resilience of grasslands to rising temperatures, 
drought and fire events helps to preserve sequestered terrestrial C in the root-zone of grassland soil and 
prevent it from re-entering atmosphere.

Introduction
Grasslands, covering about 40% of total land area 
around the world, play an important role in animal 
productivity by contributing about 10% of the total 
global biomass production. It plays a greater role 
in mitigating climate change by storing 20-30% of 
global C in their root zone as soil organic matter 
(Pasricha 2015). Grasslands, thus greatly help 
in curtailing the pace and magnitude of global 
warming and climate change. Carbon stored in 
the root zone improves soil health, and facilitates 
storage of moisture in the soil profile (Pasricha 
2013; 2015; 2017). On the other hand, adaptive 
capability of grass species to extreme weather 
events is more consistent with evolution of new 
grass species of drought tolerance and adaptation 
to wild-fire (Dass et al., 2018).Overgrazing on 
the other hand, results in the depletion of root 
zone C as CO2 and act as source rather than sink 
of CO2. Land use changes from grasslands to 
cultivated lands results in release of large scale 
CO2 to the environment. With increasing social 

costs of climate change, managing grassland 
soils for SOC storage provide great opportunities 
for environmental and economic sustainability. 
This paper, high lights the role of grasslands in 
sequestering C and its storage in the root zone in 
tropics and subtropics

Materials and methods
We conducted an analysis of literature to compare 
the influence of management, grazing intensity, 
grass species, plant diversity, and temperature on 
carbon sequestration and structural constitution in 
the grasslands, Savannas and pastures in tropics 
and subtropics. Published data was collected 
from research articles specifically representing 
regions like Imprata grasslands of NE India, 
Bundelkand  grasslands of Central India, Western 
Garhwal region of Himalaya,  Leymus chinesis   
grasslands  of N China,  Southern grasslands of 
China, Neo-tropical Savannas of Brazil,  Cerrado 
wet grasslands of Brazil, and Peruvian tropical 
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Mountain grasslands. These biomes are considered 
an integral part of grassland-ecosystem and play 
an important role in the terrestrial carbon cycle of 
tropics and subtropics. The data on the effect of 
elevated temperatures on the biomass production 
were used as reported by Buhmann et al., (2016) 
with the use of “open top chamber “technique.

Results and Discussion
Effect of grazing intensity

Almost 50% of green forage requirement of 
animals in these countries come from grasslands. 
However, herbivores have dramatically different 
effects on SOC, both positive and negative, 
depending on soil type, precipitation, grass species 
composition and grazing intensity (GI). GI below 
the carrying capacity of the systems, results in a 
decrease in SOC storage, the impact , however, 
depends on extent of heterogeneity in grass types/
species, and variation in the environmental factors 
of a given site/ regions. At all the GI levels, the 
SOC stocks increased (+76%) in the moist-warm 
climate regions, while there was a reduction 
(-19%) under moist-cool regimes (Abdalla et al., 
2018). Under dry-warm and dry-cool climates, 
only low and low to medium GIs were associated 
with increased SOC stocks. High GI significantly 
increased SOC for C4-dominated grasslands 
compared to C3 and C3+C4 mixed grasslands. 
Therefore, in order to protect grasslands from 
degradation, GI and management practices should 
be optimized according to climate regime and type 
of grass species. Constantly high GI can ultimately 
lead to elimination of some less competitive grass 
species and establishment of other species. High 
GI may help enhancing C sequestration if the 
annual average rainfall is low (>60 mm), and this 
effect may vary with soil type. A linear regression 
of annual net plant productivity remaining 
available as a possible OC inputs to the soil, 
with calculated GI and climate zone (R2=0.67; 
P < 0.001) demonstrated that SOC stock under 
moist-cool climatic zone is much higher than in 
other climatic regimes. It has been observed that 
composition of grass species and soil conditions in 
the Tibet pastures was not only affected by GI but 
also by local environmental factors (Wang et al., 
2017). Ignoring the regional climate zones, higher 
GI (below the carrying capacity of the systems), 
were generally associated with a decrease in SOC 
stocks. 

Effect of grass species and plant diversity

C4-dominated grasslands and Savannas are more 
common in tropical and subtropical regions. 
These C4-grasses generally contain higher levels 
of lignin and cellulose which are generally 
recalcitrant to decomposition. The extensive 
above-ground litter produced by C4 species is, 
however, subject to frequent fire events particularly 
in years of extended dry-seasons. High GI in dry 
areas or in C3-dominated grasslands reduces C 
storage in soil and makes it a more vulnerable 
to climate change. However, C sequestration in 
C4 grasslands increases under such conditions. 
Grazing and fire can have large impact on soil 
C stocks in C4 grasslands and Savannas (Richie 
2014). Management practices that help reduction 
in fire incidences and resorting to controlled 
grazing can help restoring the degraded grasslands 
(Schipper et al., 2007). Accordingly, variables like 
soil texture, precipitation, grass type, GI, study 
duration and sampling depth can explain almost 
85% of a large variation (150 g m-2) in grazing 
effects. There is significant interaction between 
soil texture and precipitation; grass type and GI. 
It was further observed that an increase in mean 
annual precipitation of 600 mm resulted in a 24% 
decrease in grazer effect on fine-textured soils, 
while on light-textured sandy soils, the same 
increase in precipitation produced 22% increase in 
grazer effect size on SOC (Richie 2014). Increasing 
GI increased SOC by 6-7% on C4-dominated and 
C4+C3 mixed grasslands, but decreased SOC by 
an average of 18% in C3-dominated grasslands.

Effect of plant diversity or plant community 
composition also plays an important role in C 
storage in grasslands. Carbon storage in the 
soils can be as high as 200% in highest diversity 
treatment, and 70% greater than monoculture 
treatment. Higher C storage rates are associated 
with higher above-ground production and root 
biomass with presence of C4 multiple grass species 
in mixture with legumes. Annual storage rates 
averaged at 88% for 0-60 cm profile, concentration 
was, however, much higher in the upper 0-30 cm 
layer. Dramatic increase in C storage with increase 
in biodiversity after 24 years of growth is shown 
in Figure 1. Soil C sequestration was positively 
related to above-ground- and root- biomass.  
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Figure 1: Total root carbon storage in upper 60 cm 
of soil (Numbers in white indicate mean total root 
carbon storage

 And error bars indicate standard errors (Yang et 
al., 2019).

Effect of increasing atmospheric temperature

A selective effect of increasing atmospheric 
temperature may result in the elimination of 
more vulnerable grass species leaving the 
high temperature tolerant species to ultimately 
dominate.  Global surface temperature has risen 
by approximately 0.8°C over the last century, 
and is predicted to increase by 1.4 to 5.8°C 
during the 21st century (IPCC, 2007). Such rise in 
temperature may expand the plant growth period, 
higher fecundity, greater biomass allocation 
towards below-ground biomass, and possible shift 
towards tree-dominated biomass. The effect of 
high temperature will be different depending on 
whether it is C3- or C4-dominated grassland. Such 
rise in atmospheric temperatures is reported to have 
greater impact on tropics and subtropics regions 
where grass species already occupy a narrow 
range owing to thermal specialization (Lawrance 
et al., 2011). Therefore, grasslands in tropics 
and subtropics are likely to suffer maximum loss 
in biodiversity with rise in climate temperature. 
Buhrmann et al., (2016) observed a significant 
increase in combined graminoid (AGP by ±19.9% 
per annum) and shrubs above ground productivity 
with rise in temperature. Below-ground biomass 
remained unaffected but decreased forbs AGP by 
±9% annually.  

Forests have always been considered as key 
ecosystem for C sink; however, with increase in 

the frequency of extreme heat waves and drought 
events with rise in temperatures, it is slowly 
decreasing its extent and capacity as a sink. This 
is especially so in semi-arid region of the world 
which constitutes almost 41% of earths land 
surface. Greater resilience of grasslands to rising 
atmospheric temperatures, frequent drought 
and fire events will help sequester and preserve 
terrestrial C in the root-zone and prevent it 
from re-entering atmosphere. Effect of elevated 
temperatures can be successfully investigated in 
situ using open temperature chambers technique 
(OCTT). OCTT can further elucidate as to how 
the elevated temperatures are likely to influence 
species composition and abundance. This may 
help evolve better management practices for 
conservation of tropical and subtropical grasslands 
and Savannas. Further change in grassland 
structure with increasing temperatures can be 
expected due to greater efficiency of C4 species 
for soil moisture, particularly at low moisture 
levels. Greater soil moisture deficits in future due 
to rise in atmospheric temperatures can therefore, 
make C4 species more successful, further 
eliminating the low efficient C3 species. This may 
ultimately lead to the selective elimination of C3 
forbs with time. Savannas are the central biome 
in the transition between grasslands and forests 
and they are characterized by the co-existence of 
two types of vegetation, highly shade-intolerant 
and fire tolerant C4 grass species and C3 trees. C4 
grass species can out-compete trees in the driest 
environment while tree growth is water-limited. 
This shows that transition between forests, 
Savannas and grasslands are expected to undergo 
major changes in future due to climate change and 
global warming (Baudena et al., 2015).

Conclusion
Grasslands play an important role in mitigating 
the climate change by storing 20-30% of the 
total terrestrial carbon in their root zone as 
organic matter. However poor management and 
overgrazing in the tropics and subtropics is fast 
degrading these grasslands. Constant intensive 
grazing, by decreasing net primary productivity 
may result in altogether loss of large-leaved grass 
species giving way to dominance of less palatable 
narrow-leaved grass species. Plant diversity or 
plant community composition plays an important 
role in C storage in grasslands. However, in 
tropical and subtropical regions, grasslands are 
likely to suffer maximum loss in biodiversity with 
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rise in climate temperature.
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Abstract
The use of baselines is common in a variety of academic disciplines, including environmental science, 
but they are subjected to relativity depending on the geographical or historical reference considered. 
Such considerations are illustrated by how invasive species are evaluated or what reference baselines 
are considered in biodiversity assessments.

The measurement of livestock effects on climate change has, however, disregarded the use of baselines. 
Current methodology is based exclusively on greenhouse gas emissions by individual animals, without 
putting them in their ecological context. As a consequence, current analyses of livestock impacts put 
grass-fed ruminant systems in the spotlight, because of their high methane emissions. Conversion into 
intensive, grain-fed chicken and pork systems is recommended to cope with increased meat demand, an 
approach that is being echoed by media.

In this study we reviewed existing literature on baseline greenhouse gas emissions by wild ruminants, 
with models available for North America and northern Russia. We also considered the potential of 
termites in filling herbivore niches in an ungulate-free scenario and reviewed the literature for possible 
consequences of ensuing wildfires. We found consistent evidence for natural baseline scenarios to be 
of the same order of magnitude as current livestock scenarios. This implies that the current policy 
recommendations for tackling climate change through the livestock sector are likely to be much less 
effective than currently thought.

Other studies on livestock environmental impacts, such as for water or biodiversity, have also not taken 
into account natural baseline levels from wild herbivores, hence depicting an exaggerated negative image 
on grass-fed livestock. Policy recommendations should take baseline levels into account, concentrate on 
reducing intensive use of fossil fuel and focus on double-win strategies for methane emission reduction, 
such as the use of manure-fed biogas cooking stoves.

This paper uses concepts originally developed at Manzano and White 2019.

Introduction: need and use of environmental 
baselines
The use of baselines is common in a wide variety of 
scientific disciplines. The intelligence quotient, for 
example, defines the baseline (with a value of 100) 
as the average quotient of the population, although 

it varies significantly between generations – 
the so-called Flynn effect (Baker et al., 2015). 
Important variables of international cooperation, 
such as well-being (Minkov 2009) or the quality 
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of governance (Kekic 2007) are also subject to 
subjective criteria requiring commonly shared 
baselines.

Establishment of baselines is essential to measure 
environmental impacts, but there is great variability 
depending on the geographic areas studied. In 
biodiversity loss, for example, it is common 
to take as a baseline the level of biodiversity 
when European colonizers arrive in countries 
such as the United States or New Zealand. This 
approach is justified by two major reasons: this 
is the period of the first historical records and 
it is difficult to know what exactly was there 
before. However, the adoption of such baselines 
introduces an important relativism, because it 
is known that the Amerindians 13,000 years ago 
(Stuart 2015) or the Polynesians 1,000 years ago 
(Wilmhurst 2014) caused extinctions and very 
significant changes in biodiversity well before 
European arrival. For the Mediterranean basin, the 
modification of biodiversity is so important and 
so old that it is very difficult to tell apart native 
from allochthonous species, i.e. those introduced 
by humans (Thompson 2013). Africa is even more 
challenging, for it is home to the best-preserved 
megaherbivores guilds worldwide (Stuart 2015), 
but they have co-evolved with humans. Human 
impacts are oldest here but, paradoxically, human 
impact on ecosystems has been moderate over 
history. African ecosystems offer some important 
keys to the establishment of reference levels 
thanks to the presence of megafauna. It is here that 
the paradigm of the forest as an ecological climax, 
unchanged since Humboldt and continued by 
Darwin or Clements, collapses when both savanna 
fire and elephants are identified as drivers of tree 
clearing (Pausas and Bond 2019). Savannas are no 
doubt a natural landscape in Africa, and its current 
fauna is a key piece for what we review below.

Livestock environmental impacts

Growing concerns about methane emissions 
from ruminants that contribute to climate change 
are being reflected in diverse media, leading to 
recommendations that vegan choices reduce the 
environmental impact of our food (Sanz-Cobeña 
et al., 2020), or claims that ‘lab meat’ is a less 
polluting alternative (Chriki and Hocquette 2020). 
Criticism is targeted toward livestock in general, 
and not just factory farming. In spite of its well-
known environmental benefits (Manzano and 
Salguero 2018), pastoralism is also targeted by 
climate critics. Firstly, methane emissions increase 

with diets rich in cellulose, i.e. grass, because the 
digestion of fodder by herbivores is necessarily 
accompanied by the production of methane by 
micro- rumen organisms. Secondly, the lower 
production of meat or milk per animal in extensive 
farming results in a higher ratio of methane per 
kg of product. This thinking has led on to active 
recommendation to replace ruminants with 
monogastrics (pigs and chickens) or to increase 
the protein intake of ruminants through fodder 
(Garnett et al., 2017). Increasing grain inputs for 
livestock is seen as a necessary climate strategy in 
a world with an increasing demand for meat and 
dairy products, especially in emerging economies 
(Gerber et al., 2013).

It is questionable whether such claims make 
sense. Anthropogenic climate change is ca. 200 
years old, while herders have been part of human 
culture for 10,000 years and the magnitude of their 
impact 6,000 years ago was enough to delay the 
desertification of the Sahara by half a millennium 
through the application of sustainable rangeland 
management systems (Brierley et al., 2018). The 
accounting method must be wrong if an ancient 
practice is being blamed for a new problem. The 
first attempts to solve such a riddle was centred on 
the capacity of global rangelands to offset livestock 
emissions. Some in-depth analyses have rejected 
such approaches, mainly due to soils reaching a 
saturation point in carbon storage (Garnett et al., 
2017, Chang et al., 2021). Factoring non-climatic 
environmental benefits with climate impacts 
into more holistic environmental impact metrics 
(Ripoll-Bosch et al., 2013) still does not explain 
why grazing did not change past climate.

Baseline levels of greenhouse gas emissions

Baselines have not yet been applied in analysing 
climatic impacts of livestock but are routinely 
used by climatologists. Water vapor is known to be 
a powerful greenhouse gas, yet thanks to its action 
Earth is habitable by humans. When considering 
what baseline options are available, current African 
ecosystems show a model of natural landscape 
once widespread, with North American landscapes 
dominated by herbivores such as bison and deer 
before the arrival of Europeans (Hristov 2012) or 
megaherbivores some millennia earlier (Smith et 
al., 2010); similarly in Siberia (Zimov and Zimov 
2014). Greenhouse gas emissions would in these 
examples equal the same order of magnitude as 
those produced today by all the extensive and 
industrial livestock: 84% in pre-Columbus USA 
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(Hristov 2012) and even more when megafauna 
roamed in Siberia (Zimov and Zimov 2014). If 
there were no mammal herbivores, plant cellulose 
would be consumed by other organisms, or by 
fire (which also emits methane; Archibald and 
Hempson 2016). In African savannas, termites are 
the main animal candidate. They are the source 
of 4% of current methane emissions (Spahni et 
al., 2011) and, without the herbivorous mammals 
that compete with them for cellulose, they 
would multiply their numbers, increasing their 
greenhouse gas emissions.

Garnett et al., (2017) claim that grass-fed livestock 
are anyway not very relevant for the global 
livestock system. However, 46% of livestock 
feed on leaves and grass (Mottet et al., 2017). 
Since leaves and grass aren’t edible for pigs or 
for chickens, they are very relevant for ruminants 
– in France, grass is 80% of the ration for beef 

systems (Dollé et al., 2015). Globally, 90% of the 
beef ration is made up of grass, leaves, silage and 
crop residues (Mottet et al., 2017). Savanna-like 
ecosystems are not only tropical but they expand 
into temperate countries, according to Vera (2000) 
or Bond (2019). Many landscapes perceived as 
climactic forests were open landscapes during the 
megaherbivore era and, once the megaherbivores 
were gone, these areas continued to be lightly-
wooded grasslands, maintained by fire. Areas 
usually perceived as potential forests fall into this 
category: they include most of Europe, the Eastern 
United States, India or China. According to IPCC 
(2000), such grazed landscapes can fix as much 
carbon as forests, even if most biomass is invisible 
because of being underground; Holdo et al., (2009) 
and Dass et al., (2018) showed root carbon is more 
stable than the carbon stored in aerial parts of the 
vegetation.

 Figure 1: Conceptual approach for comparisons between different scenarios: abandoned pastures, 
extensive livestock, and intensive agriculture. Scales are arbitrary – values for GHGeq emissions and 
for fossil fuel use are not equivalent. 

Source: Manzano and White 2019. Reproduced with permission from the publisher. © InterResearch

Application of livestock baselines to other fields of sustainability

Perhaps the most interesting aspect to consider about baselines is their applicability to other areas. 
Regarding water impacts, it is common to hear that a hamburger needs thousands of liters to be 
produced. In media narratives, the difference between “green”, “blue” and “gray” waters are rarely 
mentioned, even if they are fundamental concepts for Life Cycle Analysis of water use. “Green water” 
is rainwater that will always fall on pastures, whether used by livestock or not. However, ·blue water· is 
the water of rivers, ponds or lakes that we need to channel and that is essential for irrigated agriculture 



777

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

or human consumption uses – with a big impact 
on aquatic ecosystems that it is taken from. A 
liter of accounted blue water will therefore have a 
considerably higher ecological impact than a liter 
of green water. Gray water is polluted water that is 
discharged after use on farms, and it is exclusively 
an industrial livestock problem. Manure from 
grazing cattle is spread at a low density, fertilizing 
instead of polluting. Such necessary elements 
have been considered in recent consensus-building 
around different water impact measurement 
methods in livestock systems (Boulay et al., 2021).

The same reasoning can be held regarding 
biodiversity. In the first life cycle analyses, all 
the effects of breeding were assessed as negative. 
Fortunately, after incorporating rangeland 
ecologists into the discussions, the FAO landmark 
publication incorporated both negative and 
positive impacts, which also go hand-in-hand 
(Teillard et al., 2013).

Conclusions
Applying baseline scenarios at estimating livestock 
impacts shows that (i) the semi-natural processes 

are integrated into the ecosystem as a whole 
(also when positive), (ii) mankind’s real climatic 
problem are fossil fuels and (iii) some pastoralist 
livestock emissions can be mitigated, for example 
in win-win situations, such as the use of manure-
fed bio-gas in cooking stoves that improve air 
quality in kitchens of low-income countries (van 
de Ven 2019). But the whole political implications 
should be envisioned when actions on the food 
system are proposed, and scenarios should also 
be analyzed to forecast consequences. A scenario 
cannot be relevant if baselines are not previously 
chosen, defined and/or negotiated so that fair 
comparisons (Fig.1) are possible.
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Abstract
Bundelkhand  grassland ecosystem  (23º20´ and 26°20´N  latitude and  78°20´  and 81°40´E longitude) 
is an undulating rain fed  region (annual rain fall, 768-1087 mm)  spread over an area of 7.08 m ha in 
central India in the states of Madhya Pradesh  and Uttar Pradesh. This region has to support 16 million 
human and 8.5 million animal populations. Area is prone to surface run off losses, severe soil erosion 
and increasingly more drought events, leading to only mono-cropping. Lively-hood of the people, 
which is mainly the live-stock rearing and marginal agriculture, is at stake. In-situ conservation of rain 
water, forage management, and environmental services are the main issues to be addressed at priority to 
enhance productivity per unit area of this biome. Development funds amounting  to  about 1000 million 
US$, provided  for constructing sustainable infrastructure like check-dams, dug-wells, embankments, 
rising of crest height etc. has significantly improved the surface and ground water resources. Impact 
evaluation as discussed in this paper includes water resource development, watershed management, 
crop and live-stock productivity, and rural drinking water. A robust and resilient management system 
has been developed through farmer’s participatory integrated watershed management program. Major 
aim is in-situ conservation of the rain water and recharging the dug wells, open wells, village ponds, 
and farm ponds. It has remarkably improved the financial condition of farming community. Initiation of 
restoration process of this grassland biome has increased its carrying capacity by 41%.  An additional 
25% land area has come under irrigation resulting in increase of net-sown area by 11%, cropping 
intensity by 6%, and farm income by 35%.

Introduction
Climate change greatly impacts grassland 
ecosystems due to increase in the minimum 
temperature, change in precipitation pattern 
and increase in the rain fall intensity (Pasricha 
2015). Increased atmospheric temperature results 
in rapid depletion of soil-water through surface 
evaporation and greater transpiration demands. 
Increase in the frequency of high intensity rain 
fall events result in run-off losses of water as the 
infiltration rate of the soils may not keep pace with 
the high intensity rain fall.  Bundelkhand mostly 
consist of black soils which are known to have 
very low permeability. Under such conditions, 
more than 70% of the water received as rain fall is 
lost as run-off. High speed run-off water is always 
accompanied with severe erosion loss of organic 
matte-rich surface soil. Increase in temperature 
with severe aridity can be a major driver of 
grassland destruction due to frequent wild-fires. 
The impact of increased aridity in future is likely 

to be more marked in the areas like Bundelkhand 
which can face 2.0 to 3.50 C raise in temperature by 
the end of this century (Kedia 2010). Under such 
conditions, loss of vegetation cover and climate-
induced reduction in the stability of soil aggregates 
can enhance the process of soil erosion, resulting 
in rapid degradation. This is, exactly the case of 
Bundelkhand grassland. This region is inflicted 
with increased frequency of droughts, impacting 
adversely its productivity and under-mining 
lively-hood of its inhabitants. Animal husbandry 
and crop cultivation are the main source of lively-
hood of the people (Samra 2008). There is hardly 
any industrial activity in the region to support the 
livelihood of the people. However, because of 
continuous drought conditions, a majority of the 
poor inhabitants resort to seasonal out-migration 
to save themselves from starvation. The impact 
of recurrent drought in the last few decades has 
become so intense that it is considered palpably 
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devastating for the region (Gupta et al., 2014). 

For integrated management of Bundelkhand 
grassland, forage management and environmental 
services are necessary to enhance productivity and 
farm income (Ghosh et al., 2016).  Government 
of India under a special package of  around  
US$1000 million , started implementing drought 
mitigation program with the prime motive to (i) 
create additional water storage capacity by in-situ 
rain water conservation as a long-term drought 
mitigation strategy, (ii) enhance net sown area 
with increased availability of  water for assured 
irrigation, and protected and life-saving irrigation, 
(iii)  provide lively-hood opportunities especially to 
the land-less and weaker sections of the community, 
and (iv) ensure enough supply/availability of 
clean drinking water. We have discussed in this 
paper the impact evaluation survey report on the 
implementation of the project as submitted by the 
NABARD Consultancy Service for National Rain 
fed Area Authority, Government of India.

Materials and methods 
The farm house-holds falling under the project 
catchment villages of major, medium and minor 
irrigation projects were selected randomly for 
the sample survey work. The survey work was 
undertaken by NABARDCON. A total of 630 
house-holds in 21 sample irrigation (major, 
medium, and minor) projects of 6 districts of  
Madhya Pradesh and 870 samples irrigation 
projects in the 7 districts of Uttar Pradesh part of 
Bundelkhand region  were covered. The sample 
adequately represented the head; middle and 
tail reach of the irrigation systems. The carrying 
capacity was calculated by multiplying the total 

amount of forage at the end of growing season with 
correction factor, and then dividing by the average 
yearly feed requirements of live-stock unit. A use-
factor of 55% was used in these calculations (Van 
Wijngaarden, 1985). NABARDCON developed 
structured questionnaires’ for all activities. There 
were separate questionair for site inspection and 
focused group discussion. The questionnaires so 
developed were adequately designated to give 
information on the physical progress and financial 
progress. 

Results and discussion

Surface irrigation projects

Impact evaluation as presented in this paper 
covered water resource development, watershed 
management, forest and environment service and 
rural drinking water supply. The implementation 
of the project as envisaged, created additional 
irrigation capacity to the extent of 1,553,00 ha 
in Madhya Pradesh (MP) and 96,500 ha in Uttar 
Pradesh (UP) part of the region besides restoration 
of an area of 38,700 ha from the earlier irrigation 
area which was lost to degradation. However, on 
physical verification, it was found that the actual 
additional irrigated area created is only 88% in MP 
and 61% in UP of the envisaged area in the two 
states falling in Bundelkhand region. However, 
this is the situation at the time of mid-term survey; 
it is felt that once all the projects are completed 
in full measure, the anticipated targets for the 
irrigated area will be more or less fully achieved 
(Table1).

Table1: Achievements of targeted acreage 
under surface irrigation development projects of 
Bundelkhand .
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Project category Targeted, ha Achieved, ha % achieved
                      Madhya Pradesh (MP)

Rajghat canal command area 26,624 26,624 100
New and on-going, minor projects (146) 50,232 42,272 84
Bariyarpur canal command   area 43,850 43,850 100
Sighpur barrage, medium 10,200 0 0
Canal renovations 24,391 24,391 100
Total 1,552,97 1,371,37 88
                                                                                               Uttar Pradesh (UP)
Rajghat canal command area 69,500 39,140 56
Betwa canal system 27,000 20,570 76
RRR scheme of canals 28,400 12,379 44
RRR of water bodies 10,000 10,000 100
Others 300 300 100
Total 1,352,00 82,389 61
Total for Bundelkhand 2,904,97 2,195,60 75.6

Among the four major/medium/minor irrigation 
projects in MP, total canal command area (CCA) 
has increased from 1, 370, 00 ha in 2008-09 to 1, 
880, 00 ha in 2013-14, recording an increase of 
37%. The reported irrigation potential increased to 
1, 130, 00 ha from 68,000 ha in 2008-09.  This has 
resulted in almost 200% increase in irrigated area 
in the Rabi season, fully devoted to high yielding 
wheat crop. This has been made possible because of 
the availability of assured irrigation. Based on the 
sample survey of 630 farmer beneficiaries by the 
select projects impact has been observed in the form 
of changing cropping pattern, increased cropping 
intensity, and increased crop productivity. Average 
irrigated area per house-hold of select sample 
farmers increased from 1.126 ha (2009-100) to 
1.89 ha (2012-13), an average increase of 68% of 
irrigated area per house-hold dramatically increase 
the area under high yielding wheat varieties. With 
improved irrigation, the crop yields increased 
because of availability of life-saving irrigation 
during kharif season, and assured irrigation during 
rabi season. Wheat yield increased from 1.94 tons/
ha (2008-09) to 2.79 tons/ha (2013-14), a 44 % 
jump.

In the UP part of the region, increase in the 
irrigation potential of the project envisaged was 
1,100 ha with average per ha cost of US$ 14,600. 
Average irrigated land of the sample farmers in this 
part increased from 1.17 ha in the pre-development 
period (2008-09) to 1.364 ha in 2012-13. This also 
helped farmers to increase the cropped area from 
2.24 ha to 2.39 ha and cropping intensity from 

145% (2008-09) to 152% (2012-13) during this 
period. Wheat yield increased by 36% from 1.44 
tons/ha in 2010-11 to 1.93 tons/ha in 2012-13. 
Similarly, there was 39% and 42% increase in the 
yields of chickpea and peas in the kharif season. 
Impact in terms of house-hold income is apparent 
from the increase of 34%. It increased from US$ 
596.23 in 2010-11 to US$ 802.70 in 2012-13.

Water shed management projects

The watershed management activity in MP 
included mainly the construction of dug-wells, 
check dams or stop dams and provision of water 
lifting devices. About 73% of the dug-well 
work was completed. Of the 352 projects to be 
implemented, only 218 completed. Inaccessibility 
of the construction sites is cited as the main 
reason. With the construction of stop dams, the 
number of beneficiary farmers increased to 1989 
from the earlier number of 874 before the start of 
this program in the sample survey. Estimated data 
of the number of house-holds benefited would be 
in the range of 10,852 to 14,175 at 95% confidence 
interval. The water storage capacity due to creation 
of stop dams aggregated 1,967,215 million cubic 
meters, resulting in an increase of 216.8 % of the 
project storage capacity. The incremental irrigated 
area due to these projects aggregated to 1,740 ha at 
the marginal cost of US$ 1,047.62 per ha.   There 
occurred a significant increase in the water in the 
targeted area, in some districts by more than 50% 
due to creation of water storage. On an average, the 
ground water level increased by 3.15 m from 7.6 
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m to 4.51 m. This resulted in significant increase 
in area under vegetables during kharif season and 
wheat during rabi season. With the completion of 
stop dams, an additional irrigated area of 10,000 
ha is now available, and fully devoted to high 
yielding wheat crop. The additional production of 
wheat in MP due to stop dams alone is estimated 
at 30,000 M tons. 

The impact of dug-wells in enhancing irrigated 
area in UP can be judged from the increase from 
126.5 ha in 2010-11 to 174.14 ha in 2012-13 in 
the sample area, corresponding irrigated to rain 
fed area ratio increased from 0.72 in 2010-11 to 
1.18 in 2012-13. In most of the land, there was 
double cropping due to availability of irrigation 
water. There was almost a 63% increase in the 
irrigated area due to installation of dug-wells. The 
yield of kharif crops of soybean, chick pea and rice 
increased by 59%, 11%, and 76%, respectively. 
Similarly, there was almost 74% increase in the 
yield of wheat in rabi season. With the availability 
of assured irrigation water, farmers opted for cash 
crops like onion. Cropping intensity due to dug-
wells in the test area increased from 138% in 2010-
11 to 167% in 2013-14. Although deepening of 
the existing dug-wells was not very impressive in 
UP part and only 10% of the targeted work could 
be completed, it, however remarkably increased 
the water column from 0.89 m (mid June) and 
3.4 m (mid November) before implementation 
of the project) to 5.44 m (mid June) and 7.05m 
(mid November), after the implementation of the 
project. Deepening of the dug wells proved very 
effective and increased the house-hold income 
from US$ 354.5 to US$568.49, a more than 60% 
increase in the farmer income. There were 18,000 
beneficiaries of HDPE pipes; each received a total 
length of 600 feet costing between US$ 306.67 to 
US$ 400.0. Although pipe irrigation is a bit more 
expansive but it definitely reduces not only the 
conveyance loss of water but also significantly 
reduces time taken to irrigate a unit area of land.

Forest and environment projects

For restoration of forest lands, the major activities 
undertaken were contour bunding, earthen check 
dams, concrete check dams and deepening of the 
existing ponds. Only about 50% of the total forest 
area marked for treatment could be completed in 
the MP. In case of UP, all the 60,000 ha marked for 
treatment was successfully done. The treatment 
effect was visible from the flourishing growth of 
grass and trees which reflected in the increase of 

carrying capacity from 1.14 ACU/ ha  in 2008-
09 to 1.62 ACU/ ha in 2013-14, a 41% increase. 
Earthen dams were slightly less efficient and could 
not stand the flow of   water during rainy days 
but concrete dams were very effective in having 
anticipated level of water storage. Similarly 
deepening of the ponds also helped storage of 
more water so as to make an assured availability 
throughout the year. These structures greatly 
helped in cutting run-off losses of water, allowing 
more time for the water to percolate and get 
storied in the soil profile. As a consequence, it also 
protected the land from degradation by preventing 
soil erosion. Conserving of more water in the soil 
profile in the adjoining areas was also evident 
from greater stored water in the nearby dug-wells. 

Rural drinking water projects

Bundelkhand region is very complex, has wide 
variations both in terms of geographical as well as 
economical, social and political aspects. There are 
all out efforts to make available enough drinking 
water both for human and domestic animal 
consumption. Enough money has been provided 
for installing hand-pumps and piped water supply 
for augmenting availability of drinking water. 
Of 1287 projects envisaged for piped water 
supply, only 904 (70%) could be completed in the 
stipulated time in the MP. In UP, however, hand 
pumps were more preferred and there was 100% 
success in installing all the 2725 hand-pump sets. 
The availability of drinking water has substantially 
reduced the distance (average, 55%) travelled by 
the village women to fetch water. The increased 
availability of water has tremendously improved 
the in-house sanitation facilities of Bundelkhand 
inhabitants. Beneficiaries in the MP part are quite 
satisfied with piped water supply, however, the 
popular decision to fix the charges at very nominal 
rate of US$ 0.40 per month may not be enough to 
meet the maintenance and operational costs, and 
the system may collapse sooner than later.

Conclusion
With robust financial support from the government, 
there has been a significant  improvement  in the 
water resources in the drought prone Bundelkhand  
region, resulting in increased crop productivity due 
availability of life-saving irrigation water for kharif 
crops during stress situations and for wheat crop 
sown on increasingly more area due to availability 
of assured irrigation in rabi season. Restoration of 
the grazing land  improved the carrying capacity 
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to help increase live-stock productivity. Participatory integrated water-shed management for in-situ 
conservation of rain water, recharging of the new and old dug-wells, village tanks and ponds and open 
wells has apparently improved the income and lively-hood of the farming community in the region.
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Abstract
Drought which is a manifestation of climate variability has become a perennial problem in Kenya 
with chronic vulnerability being concentrated in Arid and Semi-Arid lands (ASALs). Traditionally, 
pastoralists have used wild edible plant products namely; fruits, vegetables and seeds as a coping 
strategy while faced by climate related calamities. However, recent studies have shown that pastoralists’ 
traditional coping strategies have become weak as a result of recurrent droughts. The overall objective 
of this study was to investigate the effects of climate variability on wild edible plant products. This study 
applied; household interviews (n=400), focus group discussions and key informant interviews to collect 
data. Quantitative data derived from the household interviews were edited, coded and analyzed using the 
Statistical Package for Social Sciences (SPSS) version 20 spread sheets. Descriptive statistics were run 
to give frequencies and percentages. Results of this study indicate that wild plant fruits and vegetables 
were occasionally used as food by pastoralists during the time of droughts. Findings also indicate that 
recurrent droughts have affected the availability of wild edible plants that pastoralists used to rely on, 
hence increasing the distance, they travel to look for such products. This study revealed that some new 
plants have sprouted in the area but they are not fit for human consumption. This study came up with 
two recommendations on the need to train livestock keepers on appropriate coping strategies which are 
sustainable and on the best methods of conserving the available wild edible plants in their locality.  

Introduction
Climate variability is one of the major challenges 
for the dryland ecosystems which comprise more 
than 80% of Kenya. IPCC (2014) gives indicators 
of climate variability as extended droughts, floods, 
and conditions that result from periodic El Niño 
and La Niña events. According to Huho and 
Mugalavai (2010) as many as 28 droughts have 
been recorded in Kenya in the past 100 years, at 
an increasing frequency. The enormous changes 
due to unreliable rainfall means availability 
of forage is affected. As a result livestock 
productivity goes down and sometimes the 
livestock die in large numbers. Pastoralists have 
therefore developed a set of indigenous strategies 
and mechanisms that enabled them to deal with 
multiple threats, variability and environmental 
changes. Their mechanisms have helped them to 
survive and effectively use the harsh and highly 
variable environment. Some of these strategies 
are ecologically-based, while others depend upon 
socio-economic and cultural mechanisms (Eriksen 

et al., 2008).  One of these strategies is relying on 
wild edible plant products namely fruits, vegetables 
and seeds which is ecologically based. Wild edible 
plants refer to species that are neither cultivated 
nor domesticated but are available in their wild 
natural habitat. Pastoral communities occasionally 
use wild fruits and vegetables as food during times 
of natural calamities (Langil and Ndathi 2001). 

This coping strategy appeared to have worked well 
since time in memorial. But to what extent this 
strategy has been affected by severe and frequent 
droughts is not known. Therefore, this study was 
initiated with the aim of investigating the extent 
at which wild edible plants as a coping strategy 
has been affected by climate variability in Isiolo 
County. This study was guided by two objectives; 
to identify the wild edible plants relied on by the 
pastoralist of Northern Kenya, to examine the 
extent at which the wild edible plants have been 
affected by climate variability and lastly, to identify 
if there are plants which have emerged due to the 
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effects of climate variability in the study site.

Materials and methods 
Study sites

This work was conducted in Kambi Odha, Kambi 
Bule and Kambi Garba villages of Isiolo County in 
Northern Kenya. 

The county borders Marsabit to the North, Garrissa 
and Wajir to the South East, respectively. Isiolo 
County covers an area of approximately 25,700 

km and most of the county is a flat, low lying plain 
(MoALF 2017). Which rises gradually from an 
altitude of about 200 m above sea level at Lorian 
Swamp in the Northern part to about 300 m above 
sea level.   The county lies in two ecological zones 
namely semi-arid and arid (G.o.K 2018). It has 
two rainfall seasons, the long and short rains, with 
the long rains coming mainly in March and May 
while the short rains come between October and 
November.  Rainfall is scarce and unreliable, which 
means it cannot support perennial agricultural 
crops.  

Map: Map of Isiolo showing the study sites 

Population 

According to the 2019 population census, Isiolo 
County has a population of 268,002 persons (KNBS 
2019). According to the (G.o.K 2018) report the 
County is it is occupied by pastoralists and agro 
pastoralists. The population consists largely of 
Oromo-speaking Borana and Sakuye, the Turkana, 
the Samburu, the Rendille, the Ameru, the Somali 
and other immigrant communities from other parts 
of the country (G.o.K 2018).  

Economic activities of Isiolo County

The MoALF (2017) report reveals that livestock 
production is the major economic activity of the 

inhabitants of Isiolo County, rearing camels, cattle, 
sheep, goats, donkeys and poultry. 

Crop farming in the county is limited to the wetter 
areas of the County that is in Isiolo Central and 
Kinna (GOK, 2012). The types of crops grown 
include Maize, beans, sorghum, cowpeas, onions 
and tomatoes.

Tourism is another economic activity of Isiolo 
County and it has three game reserves, namely, 
Sihaba Game Reserve, Buffalo Springs and 
Bisanadi National Reserve which accommodates 
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rare species of giraffes, zebras, ostriches, antelopes, 
elephants, buffalos, rhinoceroses, lions, cheetahs, 
and hyenas. 

Sample size and sampling procedure  

This study applied both random and non-random 
sampling strategies.  In selecting the study site 
simple random sampling technique was applied 
where by the names of the three Isiolo sub-counties 
were written, folded several times and then they 
were put in a container and the researcher picked 
one and after opening realised that she had picked 
Isiolo Central. However due to the nature of the 
study which focused on the Borana community 
the largest community in Isiolo County. Odha 
sub–location was identified for the study 
purposively since it is the areas which is occupied 
by the Borana Community, while simple random 
sampling procedure (rotary) was applied to select 
the villages where by three villages out of six were 
chosen that is, Kambi Odha, Kambi Mbule and 
Kambi Garba.

A total of 400 households were interviewed which 
was a 10% of the total population. According to 
Mugenda and Mugenda (2003) a study sample of 
10 to 20% of a population is representative enough 
for the findings to be generalized.  These consisted 
of 206 men and 194 women. The proportion of 
men was more than that of women because men 
were the ones who were readily available’. 

Data collection methods

Household interviews

Household interviews were conducted with 
household heads, male or female, through the 
administration of a semi- structured questionnaire 
to the respondents. The questions included, the 
existing wild edible plants in Isiolo, whether they 
rely on them, and the extent at which they have 
been affected by climate variability and whether 
there are new ones which have emerged? 

Focus group discussions

Two focus group discussions were conducted 
and each group had 10 participants who were 
selected purposively both men and women were 
represented. An interview scheduled was used to 
guide the discussions.

Key informant interviews

A total of 12 Key informants were selected 
purposively and the focus was on those informants 

with rich information on the topic and who were 
willing to share the information.  

Data processing and analysis

Data obtained from focus group discussions and 
key informants were sorted out and interpreted in 
relation to the research objectives. Quantitative 
data derived from the household interviews were 
edited, coded and analysed using the Statistical 
Package for Social Sciences (SPSS) software 
version 20 spread sheets. Descriptive statistics 
were run to give frequencies and percentages.  

Results
Types of edible fruits, vegetables and seed

The findings of this study revealed that pastoralists 
of Northern Kenya have been relying on some 
wild edible plants during the drought period as 
a mitigation measure against food shortages. 
In answering a question on whether there were 
traditional fruits, vegetables and roots which used 
to be eaten by the pastoral communities of Isiolo 
County, 86% of the respondents indicated that 
there were while 14% said that there were none.  
Figure 1 gives a summary of the outcome. 

 

Figure 1: Response relating to availability of 
WEPs

Respondents gave names of some of these plants 
which were used such as deka (Grewia tembensis), 
mader (Cordia gharat), qurqura (Zizyphus khona 
(Hyphene coriaceae), domog (Grewia tenax), 
bejelo (Lannea alata), and madeer (Cordia 
sinensis). mauritiana), jaj jab (Berchemia), 
ogomdi (Grewia Villosa) and kumude (Lannea 
alata). Some of these plants produced fruits which 
were eaten by the pastoralists especially during 
periods of droughts and famines. Others, such as 
mader (Cordia gharat) in addition to edible fruits 
were a source of gums that were chewed during 
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drought periods. Conversely urbu (Acacia tortilis) 
pods were boiled and eaten during droughts. Some 
of the plants, such as iddi hiddi (Solanumscabrum) 
also produced vegetables and fruits eaten during 
droughts.  Sumalele (Mormodica trifoliolata) was 
consumed as vegetables and also in form porridge. 
The ng’orondo (Cyphostemma nierrense) plant 
also contributed to survival during drought  since 
its leaves are cooked and eaten as vegetables, 
its fruits are eaten when raw  while its roots  are 
sliced , dried  pondered  and stored for famine 
periods. One of the elders made this statement, 
“when herding, herders ate these plants and they 
got satisfied such that when they got home they 
did not eat anything more.” (Elder, Kambi Odha, 
Isiolo).

Edible fruits, vegetables and seeds which have 
disappeared

Majority (88.5%) of the respondents affirmed that 
many of the plants had disappeared while the rest 
were of the opinion that they had not disappeared. 
It also came out clearly from the study that the 
distance travelled while going to collect wild fruits 
and vegetables had changed as a result of climate 
variability. A majority (81.3%) of the respondents 
said that the distance travelled is longer than it 
used to be in the last 20 years as a result of climate 
variability since some of the wild edible plants 
had disappeared. Focus group discussions also 
revealed that the distance covered had increased 
and at the same time some of the plant species had 
disappeared. A FGD participant had this to say: 

When we were growing up, wild fruits, seeds and 
vegetables were plenty. We used to get them near 
our houses. Today we walk very long distances 
to get some. There are some which are no longer 
available as they have been affected by the 
increasing droughts. 

Wild plants which have emerged

On whether there were some plants which had 
emerged due to climate variability, a majority (63%) 
of the respondents stated that there were, while 37% 
said that there were none. The plants mentioned 
include Biscuit Mjinga (Prosopisjuliflora), 
commonly known as Mathenge, gurbi (Acalypha 
sp), anno (Euphorbia trucalli), leuceana 
(Leucocephala) and caliandra (Calothyrsus).  

All these plant which have emerged in the study 
site are not suitable for human consumption. But 
they are all suitable for livestock consumption 
although focus group discussants indicated that 
they had negative attitudes towards the utilization 
of Prosopis juliflora saying that they had heard 
that the plant was harmful to livestock and human 
beings.  Other plants which were perceived as 
important by the focus group participants and key 
informants are leuceana and caliandra. These are 
multipurpose plants used for fodder and fuel wood. 
According to the findings of this study these plants 
were introduced by the Ministry of Agriculture 
in an effort to promote agro-forestry practices in 
the region. Although there were fodder trees and 
shrubs which had emerged and others introduced 
as a result of climate variability, they were few and 
in small quantities. Thus, they could not be relied 
on to feed the livestock populations as severe and 
frequent droughts do not give them sufficient time 
to recover. 

Discussion 
The results of this study indicated that wild edible 
plant products were occasionally used as food by 
the Borana of Isiolo County during droughts. The 
respondents indicated that during droughts and 
famine pastoralists collected wild foods such as 
roots, tubers, leaves, seed on a regular basis and 
this work was done particularly by women and 
children. This study indicated that the wild plants 
have been affected by climate variability and many 
of the plants have disappeared. The respondents 
also reported that the distance travelled to gather 
these plants had increased greatly. This study came 
up with two recommendations:  the need to train 
livestock keepers on appropriate coping strategies 
which are sustainable and also training the pastoral 
community on the best methods of conserving the 
available wild edible plants in their locality.  
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Abstract
This study was aimed at analyzing changes in nitrogen (N) content and in vitro protein rumen digestion 
of an upland grassland exposed to climate changes in controlled conditions. Monoliths of grassland were 
inserted in 12 macrocosms in which climatic conditions for the 2050s were simulated (i.e., +2.3°C and 
33 mm less precipitation compared to the current climatic conditions). Six of them were subjected to 
ambient CO2 (390 ppm) while the other six were subjected to elevated CO2 (520 ppm). After four months, 
an extreme climatic event (ECE) consisting of four weeks of reducted precipitation (-50%) followed by 
two weeks without irrigation combined with a heat wave (+6°C) were applied in three macrocosms 
at ambient CO2 and three macrocosms at elevated CO2. Then, all the macrocosms were irrigated to 
allow the vegetation to recover. The N content and in vitro parameters of rumen protein digestion were 
measured on plant samples collected before the extreme event (two cuts) and after recovery. Our results 
indicate that, irrespective of the sampling date, elevated CO2 results in a decrease in plant N content 
(P < 0.01). Inversely, the application of the extreme event resulted in a large increase in N content (P 
< 0.001) without a significant interaction with the CO2 effect. These changes significantly impacted 
ruminal protein digestion as evidenced by changes in the production of the fermentation end-products 
indicators of the proteolysis, namely ammonia and iso-volatile fatty acids. We conclude that several 
components of climate change can impact the nitrogenous quality of the forage and its use by ruminants.

Introduction
Climate change is predicted to increase average 
temperature, atmospheric CO2 concentration, 
and the intensity and frequency of extreme 
climatic events (ECE) such as droughts and heat 
waves (Planton et al., 2008). All these changes 
are capable of altering grassland production and 
forage quality including plant nitrogen (N) content 
and the subsequent protein digestion by ruminants. 
Interactions of ECE with elevated CO2 in terms 
of forage quality has been under-researched, 
especially for permanent grasslands (Dumont et 
al., 2015). Drivers of forage quality under such 
climatic conditions need to be better understood 
in order to adapt grass-based ruminant systems to 
the context of global climate change. The aim of 
this study was to analyze changes in the N content 
of an upland grassland when exposed under 
controlled conditions to an elevated atmospheric 
CO2 level, with and without a simulated ECE 

event. The impact of these changes on ruminant 
protein digestion was investigated using an in vitro 
rumen fermentation assay.

Materials and methods 
The experiment was previously described by 
Roy et al., (2016) and Volaire et al., (2020). In 
brief, 48 monoliths (1 m2 each) of soil and their 
resident plant communities were excavated at 0.6 
m depth, from an upland semi-natural grassland 
site (Redon, 45°43′N, 03°01′E, 800 m a.s.l.) near 
Saint-Genès-Champanelle (France). Monoliths 
were transported to the Ecotron near Montpellier 
(43°40′N, 03°52′E), and four of them were inserted 
in each of the 12 Ecotron macrocosms, where 
they acclimated to the climatic conditions fixed 
according to future scenarios projected for the 2050s 
(+2.3 °C and -33 mm, compared to the 1990–2009 
annual air temperature and precipitation means, 



791

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

respectively) (Ciais et al., 2005). From mid-March 
to the end of the experiment, six macrocosms 
were exposed to elevated CO2 (520 ppm) while 
the other six were exposed to current atmospheric 
CO2 (390 ppm). An ECE was applied to three 
randomly selected macrocosms out of the six at 
each CO2 concentration. This ECE corresponded 
to a reduction in precipitation by 50% during 
four weeks in midsummer (from 25 June to 21 
July) followed by two weeks (from 22 July to 4 
August) with no irrigation and a concomitant air 
temperature increase (+3.4 °C compared with 
the 2050s average). After the ECE, from 5 to 31 
August, irrigation was progressively increased 
in the treatment with ECE to obtain the same 
cumulative precipitation as in the control treatment 
without ECE. Until the end of the experiment on 
3 November, all macrocosms were exposed to the 
same climatic conditions, replicating the model 
projections for the 2050s.

On three dates (26 April, 9 June, 3 November), 
above-ground biomass was cut on a fixed center 
square (0.5 × 0.5 m2) in each monolith at 6 cm 
cutting height using a precision mower. The April 
cut was an expression of the winter and spring 
growth when no treatments were applied except 
for one month of CO2 treatment, while the June 
cut was the expression of spring and early summer 
growth and of CO2 treatment. The November cut 
was the expression of summer and fall growth, 

and included the ECE, the CO2 treatment and the 
recovery phase. The cut material was separated into 
two subsamples: the first sample was oven-dried at 
60°C for 72 h and used for the determination of the 
N content; the second was freeze-dried and used 
for the in vitro rumen fermentation assay. 

The N content was determined in the isotopic 
platform of INRAE Nancy using a stable isotope 
ratio mass-spectrometer (Isoprime 100, IsoPrime, 
Manchester, UK). The in vitro rumen fermentation 
assay was performed as described by Niderkorn 
et al., (2011). Briefly, ground freeze-dried 
samples (0.6 g) were incubated in anaerobic 
conditions at 39°C in culture bottles containing 
40 ml of buffered rumen juice from sheep, and the 
concentrations of total volatile fatty acids (VFA), 
iso-VFA and ammonia (NH3) in the fermentation 
medium were measured after 24 h of fermentation. 
The VFA and iso-VFA (isobutyrate, isovalerate) 
were measured by gas chromatography and 
NH3 was measured by the Berthelot reaction 
(Park et al., 2009). All variables were analyzed 
using a mixed model (MIXED procedure, SAS 
Enterprise Guide 5.1, SAS Institute Inc., Cary, 
NC, USA). Each macrocosm was considered as 
an experimental unit. The CO2 concentration, 
the effect of the ECE and their interaction were 
used as fixed effects, and the cuts nested within 
the macrocosm were used as random factors. 
Significance was declared at P < 0.05 and trends 
at 0.05 < P < 0.10.
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Figure 1: Plant nitrogen (N) content and 
fermentation end-products (ammonia (NH3), iso-
butyrate and iso-valerate) produced during in vitro 
rumen incubation of plant communities subject 
to two levels of CO2 concentration (390 and 520 
ppm) with or without an extreme climatic event 
(ECE) at three different cuts.

Table 1: Effects of factors (P-values) on plant 
nitrogen (N) content and fermentation end-products 
(total volatile fatty acids (VFA), iso-butyrate, iso-
valerate and ammonia (NH3)) produced during 
in vitro rumen incubation of plant communities 
subject to two levels of CO2 concentration (390 
and 520 ppm) with or without an extreme climatic 
event (ECE) at three different cuts

Cut April Cut June Cut November
CO2 effect CO2 effect CO2 effect ECE effect CO2 × ECE effect

N <0.001 0.003 0.007 <0.001 0.346
NH3 0.014 0.001 0.005 <0.001 0.882
Total VFA  0.056 0.577 0.256 0.186 0.871
Iso-butyrate 0.308 0.755 0.063 0.289 0.999
Iso-valerate 0.062 0.134 0.111 0.006 0.067

The N content in the above-ground biomass was 
significantly lower at 520 ppm CO2 concentration 
compared to the 390 ppm level (Figure 1 and Table 
1). The reductions were evident in the cuts of April 
(-11%), June (-9%) and November (-21%). After 
the recovery of the ECE in November, the N content 
strongly increased (+54%) without significant 
interaction of CO2 × ECE. Increasing the level 
of CO2 strongly decreased the NH3 concentration 
in the incubation medium for the cuts of April, 
June and November (-21%, -31% and -34%, 
respectively). For the cut of April, increasing the 
level of CO2 also tended to increase the total VFA 
concentration and to decrease the proportion of 
iso-valerate, while the proportion of iso-butyrate 
tended to decrease for the cut of November. The 
ECE increased the NH3 concentration in the 
incubation medium (+90%) and the proportions 
of iso-valerate (+25%) and there was a trend for 
the effect of interaction CO2  ECE on iso-valerate 
concentration.

Discussion
Contrasted effects of elevated CO2 and ECE 
were observed on the N content of above-ground 
biomass. The lower N concentration under elevated 
CO2 compared to the control was shown for the 
different cuts and is consistent with results reported 
in the meta-analyses of Dumont et al., (2015) and 
Dellar et al., (2018). The reductions were not a 
consequence of significant changes in legume 
proportions (data not shown) but they can be 
attributed to increased herbage growth and changes 
in photosynthetic N use efficiency (Leakey et al., 
2009). In addition, we observed a clear increase 

in N concentration in above-ground biomass for 
the cut of November when the ECE was applied. 
The dehydration of plant material during ECE may 
have led to the asynchrony between plant growth 
and soil microbe functioning. Plant litter and 
microbial detritus are sources of energy available 
for microbial recovery during rehydration, which 
appears to be faster than in plants (Hofer et al., 
2017). Microbial mineralization of the organic 
matter produces inorganic N that can be taken 
up by plants. It has also been shown that the 
maintenance of root exudates during drought 
can explain above-ground recovery, since root 
functionality can ensure increased N availability 
(Karlowsky et al., 2018).

The changes in plant N content strongly affected 
parameters of protein digestion in the rumen. In 
particular, the ruminal NH3 concentration followed 
the N content, as it is a main end-product of protein 
degradability through amino acid deamination. 
The increase of iso-valerate with the ECE indicates 
the increased degradation of protein since this 
branched-chain volatile fatty acid results from 
deamination and oxidative decarboxylation of the 
branched-chain amino acids leucine (Andries et 
al., 1987). To clarify the impact of elevated CO2 
and ECE on the N value of plant biomass for the 
ruminant use, it has to be noted that a part of the NH3 
produced is incorporated into the rumen microbial 
biomass, but the surplus is converted into urea. 
Urea is largely excreted into the environment, 
representing N loss and pollutant emission. Indeed, 
the fraction of urinary N not used by soil microbes 
and plants is transformed into N2O, a potent GHG, 
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through microbial nitrification and denitrification 
(Firestone et al., 1980).

In conclusion, our study shows that the impact 
of different drivers of climate change, namely 
elevated CO2 concentration and ECE (drought and 
heat wave), have contrasted impacts on N content 
in the plant biomass of grasslands, and affect 
differently the subsequent digestive use of N by 
the ruminants.
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Abstract 
The relationship between ruminant production systems and climate change is complex. As a major 
contributor to greenhouse gas (GHG) emissions, the sector has been the subject of considerable 
controversy, with particularly severe criticism in the 2000s. However, ten years ago, the attitude towards 
grazing lands began to change. Their efficient use of non-renewable energy and their contribution to 
carbon (C) sequestration were considered as key factors in the new environmental challenge. The reality 
of this mitigation potential was recently called into question once again in the global agriculture and 
climate change debate, including that of sequestration in the soil   where grazing lands occupy a major 
position (30-40% of the land surface representing 30% of the soil organic C of the world). Few scientific 
references are available on these questions in tropical regions, and the standard metrics and methods 
used may turn out to be unsuitable for the correct evaluation of grazed ecosystems in these regions. 
Significant work is therefore required to establish baselines and design strategies to ensure sustainable 
grazing in these regions where the global sequestration potential is high relative to the surface areas 
concerned. 

To contribute to this debate, we focus on mitigation options offered by rangelands and grasslands and 
their management in two emblematic tropical contexts, humid and dry tropics, where field studies have 
been based on original and holistic approaches at different levels. In Amazonia, if curbing deforestation 
remains a priority, it needs to be accompanied by sustainable management of deforested areas. In 
the French Amazon (French Guiana), monitoring fields using chronosequences and flux towers has 
produced scientific knowledge on the significant mitigation capacities of grassland ecosystems. In 
the Brazilian Amazon, the spatial logic of the agro-ecological intensification of forage production has 
enabled a transition from individual extractive systems to farm management at communal levels. In the 
West African Sahelian region (Northern Senegal), an integrative study at landscape scale revealed the 
unexpected capacity of soil and shrubs for C sequestration that can offset the GHG emissions for which 
pastoralism in dry tropical zones is usually blamed. 

Introduction
The complex relationship between livestock 
grazing systems and climate change raises a 
number of questions. As an important GHG emitter, 
the sector was the subject of controversy in the 
2000s. Subsequently, the potential for a significant 
reduction in its emissions was taken into account 
by highlighting a low level of non-renewable 
energy consumption (Vigne et al., 2013) and its 
effective contribution to carbon (C) sequestration 

(Gerber et al., 2013). Recently, the reality of 
this mitigation potential has again been called 
into question (Garnett et al., 2017), in the global 
agriculture and climate change debate, including 
that of sequestration in the soil where grazing 
lands occupy a major position (30-40% of the 
land surface representing 30% of the soil organic 
carbon of the world). The studies conducted in 
two extensive grazing livestock contexts: grazing 
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lands resulting from deforestation in Amazonia 
and native Sahelian rangeland ecosystems in semi‐
arid West Africa, that we present here contribute to 
this debate.

The Amazonian region is emblematic of the 
issues involving agricultural development and 
conservation, and strategic in both local and global 
terms. The debate has focused in particular on the 
expansion of livestock farming in recent decades. 
According to the FAO, approximately 80% of 
deforested areas were converted into pastures 
resulting in rapid carbon (C) emissions (Vigne 
et al., 2016). Efforts to curb deforestation should 
therefore continue to be a priority to preserve C 
stocks and forest biodiversity, but need to be 
accompanied by sustainable management of areas 
that have already been converted into pastures, 
including strategies for the mitigation of GHG 
emissions. 

In the French Amazon (French Guiana), research 
revealed significant mitigation capacities of 
grassland ecosystems. This knowledge has already 
been implemented in decision-making tools 
at farm and regional level to establish carbon 
balances, contribute to the management of rural 
areas, as well as for carbon accounting (Stahl et 
al., 2017; Dallaporta et al., 2016).

In the Brazilian Amazon, studies on the carbon cycle 
at plot level in pasturelands (C. E. P. Cerri et al., 
2018)partly by reducing emissions in the livestock 
sector through strategies such as intensification, 
pasture improvement, and rotational grazing. 
In response, sustainability programs promoting 
these practices have begun operation. Though 
studies have previously investigated aspects of 
GHG emissions and sequestration in improved 
pastures, they have not linked improvements with 
programmatic interventions. We surveyed 40 cattle 
ranchers located in the Brazilian Amazon biome to 
investigate how GHG emissions differed between 
farms participating in livestock sustainability 
programs with intensified production and farms 
not participating in these programs. We found 
that participating farms produced 8.3 kg of CO2e/
kg of carcass weight (CW, highlighted the role 
of management practiceswith the production of 
beef, soybeans, and bioethanol forecast to increase 
further. Questions remain, however, about how 
Brazil can reconcile increases in agricultural 
production with protection of its remaining natural 
vegetation. While high hopes have been placed on 
the potential for intensification of low-productivity 

cattle ranching to spare land for other agricultural 
uses, cattle productivity in the Amazon biome 
(29% of the Brazilian cattle herd, and the potential 
of high technologies to increase mitigation 
partly by reducing emissions in the livestock 
sector through strategies such as intensification, 
pasture improvement, and rotational grazing. 
In response, sustainability programs promoting 
these practices have begun operation. Though 
studies have previously investigated aspects of 
GHG emissions and sequestration in improved 
pastures, they have not linked improvements with 
programmatic interventions. We surveyed 40 cattle 
ranchers located in the Brazilian Amazon biome to 
investigate how GHG emissions differed between 
farms participating in livestock sustainability 
programs with intensified production and farms 
not participating in these programs. We found that 
participating farms produced 8.3 kg of CO2e/kg of 
carcass weight (CW and contribute to nationally 
determined contributions (NDCs) on emissions 
mitigation (De Oliveira Silva et al. 2018)seeking 
to reduce greenhouse gas (GHG. Landscape 
approaches are less common. In the Brazilian 
Eastern Amazon, a landscape research program 
has shown that livestock intensification leads to 
new spatial organisation and natural resource use 
rules  (Osis, Laurent, and Poccard-Chapuis 2019). 
This favour forest restoration on land of limited 
agricultural suitability, and the construction of 
landscapes that are more efficient from the point 
of view of the carbon cycle and other ecosystem 
services (Pinillos et al., 2020).  

On the other side of Atlantic Ocean in the 
Sahelian region of West Africa, extensive pastoral 
production systems are often accused of harming 
the environment  and of emitting excessive 
amounts of GHG per kilogram of milk or meat 
produced (Steinfeld et al., 2006) due to large-scale 
enteric methane emissions. On the other hand, 
livestock movement plays an important role in the 
reorganization of nutrient and carbon (C) cycles in 
sylvo and agro-pastoral ecosystems, and may help 
maintain soil fertility (Manlay et al., 2004; Bisson 
et al., 2019). The use of an ecosystem approach to 
a pastoral territory recently identified a C balance 
with unexpected potential for climate change 
mitigation (Assouma et al., 2019). 

Materials and methods 
The objective of this work is to identify original 
points of view, and to adapt analytical methods to 
them to produce information that is complementary 
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to current knowledge on the complex and spatially 
variable carbon cycle. The three studies we 
present here were conducted in two different agro-
ecological contexts: the Amazon and the West 
African Sahel.

In French Amazonia (the coastal part of French 
Guiana), research began in 2010 to understand 
the long-term dynamics of C in deep soil in 
established tropical pastures planted with the grass 
(Brachiaria humidicola) after deforestation in 
1970. Indeed, little is known about the long-term 
capacity of tropical pastures to sequester C after 
deforestation and most studies on soil organic 
carbon (SOC) sequestration in the world, including 
in grassland areas, only consider the topsoil (i.e., 
down to a depth of 0.3 m, Budiman et al., 2017). 
Stahl et al. (2017) set up a unique combination of 
a large chronosequence study (C stock at a depth 
of 1 m) and eddy covariance measurements (flux 
tower). The second phase of the study consisted of 
establishing the C/GHG balance and efficiency at 
farm level in 15 cattle farms. Direct and indirect 
GHG emissions were calculated using the ACCT 
method (a tool for energy and emissions analysis, 
Dallaporta et al., 2017). 

Research in the Brazilian Amazon focused on 
livestock farmers’ decision-making systems, 
changes in their land-use strategies, and the 
resulting landscapes. The research was based on 
farm surveys, mapping and remote sensing (Osis 
et al., 2019), and on modelling at the farm and 
landscape scales (Pinillos et al., 2020). The study 
area was the Paragominas municipality, which 
covers 20,000 square kilometres along the Belém-
Brasília highway, in a post-frontier context.

Finally, the study conducted in a typical Sahelian 
rangeland landscape in northern Senegal using an 
ecosystem approach, described and explained the 
spatial heterogeneity of the C balance (Assouma 
et al., 2019). The landscape concerned is the 
area surrounding the Widou borehole (15°59’N, 
15°19’W, 706 km²), a circular zone with a radius 
of 15 km from the borehole where six different 
land units were defined: the land in the vicinity 
of the borehole, natural ponds, grazing lands, 
forest plantations, settlements, and enclosed plots 
(Assouma et al., 2017). A spatial-explicit and 
monthly measurement protocol was implemented 
from May 2014 to October 2015 to estimate GHG 
emissions (enteric methane from livestock, nitrous 
oxide and methane from soil and water and other 
sources of emissions termites, fuel consumed by 

the borehole motor pump and bush fires) and C 
sequestration (aboveground and belowground 
biomass of trees and shrubs, soil and animal). 

Results of the three studies
Soil carbon stocks after conversion of 
Amazonian tropical forest into grazed pasture

Results in French Amazonia showed that pastures 
stored at least 1.27 ± 0.37 tC ha-1 yr-1 while the 
nearby native forest stored 3.23 ± 0.65 tC ha-1 yr-
1. These results suggest that the use of appropriate 
practices (no fire and no overgrazing, with a 
mixture of grasses and legumes and a grazing 
rotation plan in French Amazonia old permanent 
tropical pastures (≥ 24 years old) can restore part 
of the C storage observed in native forest. These 
practices allows farmers to maintain these pastures 
in the long- term with no loss of soil fertility as 
often observed in cultivated soils. Conservation 
of soil fertility should help limit the conversion of 
new fertile areas and consequently, should limit 
deforestation. (Stahl et al., 2017). These results 
were then incorporated in a GHG diagnosis tool 
designed for pasture systems (AgriClimateChange 
Tool (ACCT), Dallaporta et al., 2017). Stable 
systems (no more deforestation) are characterised 
by a yearly C sequestration of grasslands (>24 
years old) which, in 2013, compensated for up to 
80% of the farm’s GHG emissions.

Landscape and intensification of grazing 
systems in the Brazilian Amazon 

The results of the studies conducted in the Amazon 
show that the intensification livestock production 
not only avoids deforestation but actually promotes 
forest restoration; forest dynamics not only pasture 
dynamics need to be included in livestock carbon 
balances. The results f these studies also underline 
the importance of land suitability in the carbon 
cycle: this is the basis of decisions concerning 
suitable locations for pasture intensification and 
in turn, locations where forest can regrow. The 
results also showed that moderate intensification 
is preferable to high tech solutions, because more 
farms can be involved and can make significant 
progress even when the production factors and 
conditions for innovation are not ideal. These 
results are crucial to build local policies, planning 
landscape efficiency through land-use regulations 
and incentives (Poccard-Chapuis et al., 2019; 
Brandão et al., 2020). 
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Pastoral landscapes in the Sahel: a carbon 
balance with unexpected potential for climate 
change mitigation 

At the landscape level over one full year, the 
total C balance was -0.09 tCO₂-eq ha-1 year-1. 
This negative C balance shows that the GHG 
emissions are mitigated by C sequestration in 
trees, soil, and animals. The C balances varied 
between the different land units and ranged from 
-3.41 tCO₂-eq ha-1 year-1 in the enclosed plots to 
+127.1 tCO₂-eq ha-1 year-1 in the vicinity of the 
borehole. The C balance was negative in the land 
units that received little or no manure (grazing 
lands, enclosures and forest plantations) whereas 
the balance was positive in units with high rates 
of manure deposition but that contributed little 
to fodder intake (in the vicinity of the borehole, 
ponds and settlements). Livestock movements can 
explain the spatial heterogeneity of the C balance. 
The search for mitigation options is an active 
research front on livestock systems, especially 
for rangeland ecosystems. The fact that this study 
focused on the spatial heterogeneity of GHG 
emissions and C sequestration helped us to outline 
a number of common-sense mitigation options, 
depending on the land unit (i) better managed 
vicinity of boreholes and ponds (ii) better managed 
grazing lands and surplus forage (iii) better use of 
manure available around the settlements and the 
borehole.

Discussion 
The global sequestration potential of tropical 
grazing areas is high, relative to the extent of the 
areas concerned. Strategies to support sustainable 
grazing activities are therefore a major stake for 
boosting their significant and multiple mitigation 
potentials while also strengthening their real ability 
to adapt to climate change. At the same time, the 
need and obvious contribution to food security 
of large populations and the response to future 
demand for animal products requires considering 
animals as contributors when designing climate-
smart farming systems (Duteurtre et al., 2019) 
and landscapes (Vayssières et al., 2017). 
Understanding interactions between grazing and 
climate change is therefore crucial to contribute to 
the new challenges that face livestock production 
in a context of both climate change and the need 

for food security. But references available in the 
literature on tropical areas may fail to accurately 
assess of the grazed ecosystems and landscapes in 
these regions (Dalla-Nora et al., 2014).

Our objective was thus to track down references 
to studies that account for the specificities of the 
tropics to contribute to the evaluation of the C 
balance of extensive livestock systems in these 
regions. The studies briefly described in this article 
aim to tackle these issues while integrating local 
and regional development issues in the Amazon 
and in semi‐arid west Africa. They propose 
approaches and methodologies to establish 
baselines and to enhance our knowledge of C 
potential sequestration processes. Considering 
the strong interactions between livestock systems 
and their ecosystems, a more dynamic and holistic 
approach, in particular, is needed to design 
climate smart extensive livestock systems.  But 
simply having a grassland or rangeland does not 
automatically result is a carbon sink, and it is 
unrealistic to imagine that all grasslands will act as 
a permanent carbon sink. (Smith 2014 in Garnett 
et al., 2017. On the contrary, it is necessary to 
continue the approaches we propose here to 
reduce uncertainties on C and N fluxes. Modelling 
carbon dynamics is also a fundamental tool for 
estimating actual and potential changes in soil 
carbon stocks. Modelling is less expensive than 
field measurements of carbon stock and fluxes, 
although field measurements and observations 
are obviously essential to build the models. 
Integrated simulation models representing C and 
nutrient flows in grazing ecosystems from farm 
to landscape levels are particularly useful tools to 
assess the consequences of livestock systems and 
practices for C sequestration and the C balance of 
livestock production systems (Vayssières et al., 
2016). 

The challenge is to move on from a partial 
view limited to improving the production and 
productivity of systems, to a more integrated and 
sustainable approach that incorporates climate 
change mitigation and adaptation (Vigne et al., 
2016). These knowledge processes will need to be 
designed with the objective of feeding assessment 
and simulation tools at different decision levels, 
from farmers to policy makers. 
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Abstract
Kenya’s County Climate Change Fund (CCCF) is financing public good investments focused on the 
water sector to increase the resilience of communities to climate change. In the drylands, investments in 
water are critical for water and food security, yet ensuring the functionality and sustainability of water 
investments remains an ongoing challenge. This paper assesses the functionality and sustainability of 
62 CCCF water investments in five dryland counties (Isiolo, Wajir, Garissa, Kitui and Makueni) in 
Kenya through a functionality survey and stakeholder workshops. The survey was designed based on a 
review of studies assessing the functionality of water supply systems. Across the five counties, 62.9% 
of investments were functional compared to 37.1% non- or partially-functional. The main factors that 
contributed to non- and partially functional investments were poor siting, poor design and workmanship, 
damage due to vandalisation, and lack of repairs and maintenance. Exploring the underlying causes of 
poor functionality revealed a complex mixture of technical, social, institutional, environmental and 
governance deficiencies. To improve the functionality and sustainability of water investments, especially 
as the CCCF is scaled out further in Kenya, emphasis on the ‘hardware’ aspects and establishing new 
water points, should shift towards operation and maintenance (O&M), rehabilitation of existing water 
points, improved governance, monitoring and evaluation (M&E), and other ‘software’ aspects.

Introduction
Kenya’s County Climate Change Fund (CCCF) 
mechanism is financing public goods investments 
focused on the water sector to increase the 
resilience of communities to climate change. In 
the drylands, investments in water are critical 
for water and food security, where access to 
water is essential for domestic and productive 
uses, including livestock production and rain-fed 
cultivation. Yet, ensuring the functionality and 
sustainability of water investments in the drylands 
remains an ongoing challenge, with evidence of 
approximately 20-40% failure rates of rural water 
supplies across East Africa and beyond (Banks 
and Furrey 2016; WBG 2018; MacAllister et al., 
2020).

Despite global improvements in water coverage 
since the Millennium Development Goals, the 
functionality and longer-term sustainability of 
investments in water has lagged behind, often 

with a limited understanding on how and why 
investments in water supply fail (Bonsor et al., 
2015). Achieving the ambitious goals for universal 
access to safe and reliable water for all by 2030 
under Sustainable Development Goal 6 will 
depend on the functionality and sustainability of 
these water supplies. 

This paper assesses the functionality and 
sustainability of a sample of CCCF water 
investments in five dryland counties in Kenya 
through a functionality survey and stakeholder 
workshops. The study was implemented by 
the Adaptation Consortium in collaboration 
with the BRECcIA project to better understand 
the challenges and opportunities in ensuring 
functional water investments for sustainable food 
and water security in the drylands. As the CCCF 
is further implemented and scaled out to other 
areas in Kenya, understanding the reasons behind 
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poor functionality will enable existing and future 
water investments to become more sustainable and 
ultimately ensure water security.

Materials and methods 
Study site

The study was carried out in five Kenyan arid 
and semi-arid (ASAL) counties: Isiolo, Wajir, 
Garissa, Kitui and Makueni. In these counties, 
the CCCF has financed a total of 109 investments 
with the majority (95) focused on increasing water 
availability and access through the rehabilitation 
and construction of water infrastructure. The 
five counties in total cover approximately 29% 
of Kenya’s land area and a population of over 3 
million people. The dominant livelihood activities 
are pastoralism in Garissa, Isiolo and Wajir, and 
rain-fed agriculture and livestock keeping in Kitui 
and Makueni.

The ASALs are characterised by high rainfall 
variability in both time and space, and regular 
drought. Water resources are a mix of natural 
surface water sources (such as rivers, streams 
and springs) and developed surface water sources 
(such as water pans and earth/sand dams), and 
developed groundwater sources (such as well and 
boreholes).  

Analysis of climate trends in the ASALs between 
1977 and 2014 show an increase in the maximum 
temperature in all five counties: Isiolo (1.01C), 
Wajir (0.85C), Garissa (0.69C), Kitui (1.01C), 
Makueni (1.22C), and a decline in rainfall (Abuya 
et al., 2019). Furthermore, climate projections for 
the ASALs show maximum temperatures may 
increase by a further 1.5C by 2030, whilst rainfall 
will become more unpredictable (Abuya et al., 
2019). Investing in community prioritised climate 
change adaptation strategies and investments will 
therefore be important to reduce vulnerability and 
build resilience to climate impacts.

Functionality survey

Following a review of studies assessing the 
functionality of water supply systems, we designed 
a functionality survey to assess the functionality 
status of the CCCF water investments in the five 
ASAL counties. The survey was reviewed during 
a training workshop for the survey teams and 
tested at three water investments sites in Makueni 
County. Once finalised, the survey was applied at 
62 of the 95 (65%) CCCF water investments. The 
survey teams comprised implementing partners 

and county water department officials from each 
of the five counties. Ethical procedures from IIED 
were followed and consent obtained from all 
respondents who assisted during the field work. 
Respondents were usually representatives from 
the Ward Climate Change Planning Committees 
(WCCPC), site management committees, area 
chiefs and beneficiaries. Respondents were asked 
questions about the management and use of the 
investments visited. 

Drawing upon the findings from the review, the 
study used definitions of functionality status 
given in Box 1. The survey went beyond a binary 
assessment of functional/non-functional, to include 
partially-functional water points. The main factors 
that contributed to each of the non and partially-
functional investments were determined from 
physical assessment of each investment by the 
survey team with input from respondents present 
at the investment sites. They were subsequently 
elaborated further during the stakeholder 
workshops to understand the underlying causes of 
poor functionality (see below). We also reviewed 
the functionality of the management committees 
responsible for managing each water point with 
respondents, through questions concerning; current 
status, membership and gender representation, 
training, and challenges and suggested solutions.

Box 1: Definition of functionality status as used in 
the survey

A functional water point is one that is operating 
as expected and serving the community well on 
the day of visit and within the last one month.  

A partially functional water point is one where 
some of the components are absent, broken or 
damaged, but there is still some water available to 
the community.

A non-functional water point is one where 
some or all of the components are absent, broken 
or collapsed, with the result that water is not 
accessible or available to the community.

A not-in-use water point applies to those water 
points that may not be in use due to seasonality 
and low rainfall, but they are intact and functional 
during the wet season

Stakeholder workshops

Focus groups discussion were held as part 
of stakeholder workshops to understand the 
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underlying reasons behind poor functionality of 
the investments and challenges related to their 
sustainability. The functionality survey teams 
presented findings from the survey, and through 
discussion and feedback from participants, the 
underlying causes behind poor functionality were 
deliberated. Participants also discussed broadly any 
technical and governance challenges associated to 
the CCCF water investments. Participants were 
divided into three focus groups: policy makers; 
women, including site committee members; and 
men, including site committee members. The focus 
group discussions lasted about two hours and were 
facilitated by staff from the county implementing 
partner supported by the Adaptation Consortium.

Results
Functionality status of investments

Across the five counties, just over half of the 
investments (51.6%) were functional and found 
to be operating well with communities able to 

access water. In comparison, 22.6% were partially 
functional, where some water was still accessible 
but usually in a limited capacity, and 14.5% 
were non-functional and the community unable 
to access any water (Table 1). Another 11.3% of 
investments, either water pans or sand dams, were 
assessed as not-in-use, as they are used seasonally 
and were dry during the time of the assessment, 
but were otherwise functional. If combining the 
functional and not-in-use investments, a total of 
39 (62.9%) investments can be considered fully-
functional, compared to 23 (37.1%) as either 
partially or non-functional. Functionality status 
was also considered according to the investment 
being a construction or rehabilitation (Table 5). 
In total across the five counties, slightly more 
construction investments (12 out of 27 or 44.4%) 
were either partially or non-functional compared to 
rehabilitation investments (11 out of 35 or 31.4%).

Table 1: Overall functionality status of investments 
across the five counties

County Functional Not- in-use Partially functional Non-functional Total 
Isiolo 5 1 1 2 9
Wajir 12 4 4 3 23
Kitui 6 2 4 0 12
Makueni 7 0 4 2 13
Garissa 2 0 1 2 5
Total 32 (51.6%) 7 (11.3%) 14 (22.6%) 9 (14.5%) 62

Main factors contributing to non- and partially 
functional investments
During the assessment the following factors were 
attributed to the non- and partially functional 
investments. The factors are overlapping, so that 
in many cases more than one factor contributes to 
an investment being non or partially functional. 

1. Poor siting of the investments. Investments 
sited on rocky or sandy soil so unviable; or 
without considering floods so infrastructure is 
washed away; or too close to roads or wildlife 
routes so damaged.

2. Poor design and/or workmanship. Poorly 
designed or executed works resulting in 
faulty system or infrastructure and little to no 
water available or accessible.

3. Damage due to vandalisation or conflict. 
Infrastructure is damaged or stolen due to 
vandalisation or cross-border conflict.

4. Lack of repairs and maintenance. Water 
points breakdown or are damaged and are not 
repaired, often for long periods of time. 

Underlying causes of poor functionality

Further examination of the main factors given 
above reveal a number of underlying causes of poor 
functionality. The underlying causes are a mix of 
technical, social, institutional, environmental and 
governance issues that are often cross-cutting and 
closely interlinked. These include:

•	 The inadequate use of climate or 
hydrological information in siting and 
design

•	 Lack of technical capacity in the county 
water department in investment siting, 
design and maintenance

•	 Poor supervision of contractors and 
service providers during construction
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•	 Cross-border conflict

•	 Water investments distant from 
settlements

•	 Weak technical and management capacity 
of site management committees

•	 Unclear roles and responsibilities, leading 
to a lack of ownership of investments

•	 Lack of access and availability of spare 
parts

•	 Absence of a preventative maintenance 
schedule

•	 High costs of running investments and 
user’s willingness to pay for water

•	 Absence of a monitoring and evaluation 
(M&E) framework

Sustainability drivers

A number of drivers of sustainability of the CCCF 
water investments also emerged from the study. 
These can be viewed as positive elements that 
contribute to the long-term functionality of the 
water investments and provide lessons on good 
practice in planning future sustainable investments 
in the drylands.

1. The majority of investments are 
rehabilitation of existing facilities

2. Separation of domestic and livestock 
water collection points

3. Locally prioritised and relevant water 
investments

4. Inclusion of women across all levels of the 
project cycle

Discussion and Conclusion
Water investments in the drylands are critical 
for ensuring water and food security. The CCCF 
investments are focused on increasing the 
availability and access to water for domestic, 
livestock and other productive uses. Investments 
are prioritised by communities so respond to their 
needs. Other studies show how the investments 
provide several benefits to communities including, 
reduced time and costs fetching water; increased 
water quality; improved livestock health; improved 
incomes and new economic opportunities; reduced 
conflict; improved educational opportunities, and 
strengthened customary management institutions 

(Crick et al., 2019). 

Yet, achieving these positive outcomes will 
require functional and sustainable investments 
that allow access and use of water for which they 
were intended. The survey found that 62.9% of 
investments were fully-functional and another 
22.6% partially functional, comparing positively 
to estimates given in previous studies (Banks and 
Furrey 2016; WBG 2018; MacAllister et al., 2020). 
Yet, 14.5% of investments were non-functional. 
The main factors contributing to non-functional 
investments were technical problems (poor siting, 
design and workmanship), while both technical and 
management problems contributed to the partially-
functional investments. This suggests improving 
the management, and operation and maintenance 
(O&M) of facilities could help partially-functional 
investments regain their functional status.

Investigation into the underlying causes of poor 
functionality show that the techno-managerial 
failures are explained by a mix of governance, 
institutional, capacity, technology, and financial 
deficiencies. The range of interlinked issues 
captures the complexity underlying water 
provision in the ASALs. Many of these issues are 
systemic within the rural water sector in Kenya 
and are symptomatic of a wider governance system 
that is under resourced and lacks capacity. In 
Kenya’s drylands, they also exist beyond the water 
sector as the ASALs have historically suffered 
from marginalisation and a development deficit 
compared to higher potential areas. To improve 
the functionality and sustainability of water 
investments as the CCCF is scaled out further 
in Kenya, emphasis on the ‘hardware’ aspects 
and establishing new water points, should shift 
towards O&M, rehabilitation of existing water 
points, improved governance, M&E, and other 
‘software’ aspects.
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Abstract
Changing weather patterns and decreasing land availability continue to challenge the livelihood of the 
pastoralists in northern Tanzania. The increasing variability of expected rains has complicated livestock 
management, often jeopardizing household resilience. Drought Early Warning Systems are being set up 
to contribute to decision-making processes at national and international levels. Nevertheless, due to the 
large spatial- and temporal resolution of these systems and their high uncertainties, these systems have 
limited value at a pastoral household level. 

Therefore, this paper explores what type of weather and climate information is deemed valuable for 
pastoral households in Longido District, Tanzania. It is based on an ethnographic study, conducted over 
a period of four months. It explores what weather information would be useful, the necessary scale of 
desired information, the required lead time of communication and, lastly, the most effective method of 
communicating forecast information. Following on this data, the study assessed the status of remote 
sensing and weather forecast modelling, exploring the question, the desired weather information can be 
forecast with enough skill and at a scale that is relevant to pastoral households in Longido? The ECMWF 
weather model was used in the assessment, revealing some optimism and scepticism concerning the 
status of existing information and technologies. 

Technological recommendations include verification of rainfall data, further research on the rainfall 
threshold concept, and exploring the model skill of embedded models in Tanzania. At the level of 
implementation , recommendations include discussing the adverse impacts of actions taken based on the 
forecasts and forming an implementation advisory group, which includes a comprehensive breadth of 
stakeholders, such as knowledgeable community members, village leaders, traditional leaders and also 
professionals from the field of climate sciences, rangeland ecology and anthropology.

Introduction
“In June [2009] people started moving with their 
livestock. In August no one remained. Those who 
did, their livestock died.”– Maasai elder from 
Sinya, Tanzania.

In the Northern-Tanzanian semi-arid rangelands, 
droughts occur frequently, rainfall patterns are 

shifting and increasingly variable, and water 
resources are shrinking (Msangi et al., 2014; 
United Republic of Tanzania 2012). For semi-
nomadic pastoral Maasai communities in Northern 
Tanzania, the changing precipitation patterns and 
increasing droughts form great challenges to 
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their livelihood. These periods of little rainfall 
and grass scarcity are called alamei in Maa, the 
Maasai language. Moving their livestock over vast 
distances across semi-arid rangelands is one of 
the main strategies for many Maasai households 
to cope with alamei (Goldman and Riosmena 
2013)mobility is now happening in new ways 
that require not only large amounts of money but 
new forms of knowledge and connections outside 
of customary reciprocity networks. Those least 
affected by the drought, in terms of cattle lost, 
were those with large herds who were able to sell 
some of their cattle and to pay for private access 
to pastures outside of Maasai areas. Drawing on 
an entitlements framework, we argue that the new 
coping mechanisms are not available to all, could 
be making some households more vulnerable to 
climate change, and reduce the adaptive capacity 
of the overall system as reciprocity networks and 
customary institutions are weakened. As such, we 
posit that adaptive capacity to climate change is 
uneven within and across communities, is scale-
dependent, and is intimately tied to institutional 
and landscape changes.. However, due to land 
privatization in Southern-Kenya, expansion of 
agriculture especially around Mount Kilimanjaro, 
and changing policies on grazing in conservation 
areas, the available lands for grazing in times of 
alamei are decreasing, making it increasingly 
challenging for the Maasai pastoralists to cope 
with alamei (Goldman and Riosmena 2013; Miller 
et al., 2014)mobility is now happening in new 
ways that require not only large amounts of money 
but new forms of knowledge and connections 
outside of customary reciprocity networks. Those 
least affected by the drought, in terms of cattle lost, 
were those with large herds who were able to sell 
some of their cattle and to pay for private access 
to pastures outside of Maasai areas. Drawing on 
an entitlements framework, we argue that the new 
coping mechanisms are not available to all, could 
be making some households more vulnerable to 
climate change, and reduce the adaptive capacity 
of the overall system as reciprocity networks and 
customary institutions are weakened. As such, we 
posit that adaptive capacity to climate change is 
uneven within and across communities, is scale-
dependent, and is intimately tied to institutional 
and landscape changes.. As part of climate change 
mitigation and adaptation projects, and increasing 
livelihood resilience, satellite data and climate 
models are used in many areas of the world to 
monitor and predict droughts (AghaKouchak et 

al., 2015; Bijaber et al., 2018; Boschetti et al., 
2013; Vrieling et al., 2016)such as near-surface 
air relative humidity data from the Atmospheric 
Infrared Sounder mission, provide opportunities to 
improve early drought warning. Current and future 
satellite missions offer opportunities to develop 
composite and multi-indicator drought models. 
While there are immense opportunities, there 
are major challenges including data continuity, 
unquantified uncertainty, sensor changes, and 
community acceptability. One of the major 
limitations of many of the currently available 
satellite observations is their short length of 
record. A number of relevant satellite missions and 
sensors (e.g., the Gravity Recovery and Climate 
Experiment. For the heavily under-resourced 
district, and a country with a limited number 
of weather stations, these macro technologies 
may provide valuable data for alamei-related 
weather predictions in Longido District, Tanzania. 
However, for such weather predictions to be 
valuable, it is essential that these predictions are 
tailored to the needs of the pastoral households 
living in these areas. 

Therefore, the goal of this research is to explore 
if weather forecasts and remote sensing data can 
be tailored to existing coping and decision-making 
strategies adopted by pastoralist households. 
Furthermore, it is assessed if this tailored 
information provides enough skill to effectively 
complement local knowledge and drought 
management strategies. The study generated 
important methodological and theoretical findings, 
both of which have practical implications for 
policy and technological development.

Figure 1: Location of Study Area
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Materials and methods 
The study area entails the Ward of Sinya in Longido 
District in Tanzania (Figure 1). The study area is 
situated in a semi-arid, hot ecosystem in which 300-
600mm of rain falls on average annually (Longido 
District Council 2018). The area is characterized 
by bimodal rainfall patterns in which the short 
rains usually occur in November till January and 
the long rains in February till May (Miller et al., 
2014). The rainfall is very patchy and the average 
temperatures are between 15 and 30 °C (Longido 
District Council 2018; Western and Finch 1986). 

Fieldwork

In the first phase of this study the current alamei 
strategies, available knowledge and information 
on weather predictions were explored. This phase 
initiated the design of an alamei-related weather 
information system. The fieldwork was conducted 
over a period of 4 months in February-April 2019 
and August 2019. The goal of the fieldwork was 
to determine (1) current alamei management 
strategies applied by the households in Sinya, 
(2) local knowledge on weather predictions, (3) 
access to technology-based weather predictions 
by community members in Sinya, and (4) valuable 
weather information for households in addition to 
the existing alamei management strategies. After 
having obtained information on these topics, the 
design of a potential system, which provides this 
required weather information, was discussed, 
focusing on what area the information should be 
on, how far in advance the information is required 
and how this information can be effectively 
communicated to reach as many households in 
Sinya as possible. Data was gathered through key-
informant interviews, focus group discussions and 
a ‘family portrait’ strategy (Cochrane et al., 2005; 
Serneels et al., 2009), which included in-depth 
discussions with a case-study family. In total, 
more than 30 formal and informal interviews were 
conducted, and 12 focus group session were held, 
with a total of over 45 people participating. The 
family, for which a livelihood strategy portrait was 
made, was visited 4 times, across 6 months. 

Model skill determination

The main findings of the fieldwork were the 
elements which were identified by the participants 
as being essential for a valuable forecast. These 
results were then used, to understand whether 
the seasonal forecasts of the European Centre for 
Medium-Range Weather Forecasts (ECMWF) 

model can predict these with enough skill. These 
identified elements are provided in the results 
section and the model skill determination method 
is described below. 

The precipitation reanalysis data1 (1993 - June 2019) 
of the ECMWF was compared with the forecasted 
data2 (1993 - June 2019). For this comparison, for 
both datasets the 5-day cumulative rainfall was 
determined for each day of the selected month. It 
was determined whether a given threshold is not 
exceeded at any point during the month of interest 
for both the reanalysis and the forecasted data, 
based on the 5-day cumulative data. This threshold 
non-exceedance determination was conducted 
for all 25 to 51 ensemble members. From the 
threshold non-exceedance data, the amount of hits, 
misses, false alarms (FA) and correct negatives 
(CN) were determined. A hit is defined as both 
the forecast data and the reanalysis data indicated 
that the threshold is not being exceeded. A false 
alarm is when the threshold was exceeded in the 
reanalysis data, but not in the forecast data. The 
hit-rate and false-alarm rate were computed using 
the following relationship:

   

Finally, a Receiver Operating Characteristic 
(ROC) curve was constructed per given threshold, 
to identify the model skill.

Results
Fieldwork

The alamei management strategies differ between 
households and are not completely generalizable. 
The major factor which influences these differences 
is the availability of labour power to look after 
the cattle when they stay far away from home. 
However, for all the households who took part 
in this research, transhumance and selling some 
livestock to buy food, are the most prominent 

1 ERA5 hourly data on single levels from 1979 to pres-
ent dataset retrieved from: https://cds.climate.coperni-
cus.eu/ 
2 ECMWF’s meteorological archive: htt-
ps://confluence.ecmwf.int/display/UDOC/
MARS+user+documentation

https://confluence.ecmwf.int/display/UDOC/MARS+user+documentation
https://confluence.ecmwf.int/display/UDOC/MARS+user+documentation
https://confluence.ecmwf.int/display/UDOC/MARS+user+documentation
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strategies in times of alamei. The decisions on 
moving and selling are influenced largely by grass 
availability, expected grass depletion rates and 
expected rains. However, these rains do not always 
occur according to these expectations and the 
patterns have been highly unpredictable. Therefore, 
when grasses are scarce, and a decision on moving 
and selling needs to be made, it is considered 
valuable to receive a prediction on whether these 
rains will come and provide enough precipitation 
for the grasses to regrow. Though local knowledge 
exists on weather predictions, the ones who have 
this knowledge are often hesitant to share it and 
cannot predict with enough certainty to encourage 
action. Weather information from other sources 
such as the Tanzanian Meteorological Agency, do 
not provide the required information at a small 
enough scale. The forecasts are often incorrect for 
Sinya and, when available, the information is by 
many not received due to lack of internet, tv’s and 
radios. 

These findings resulted in the idea to provide 
alamei-related weather information during key 
decision junctures. This weather information would 
be complementary to a larger system of alamei 
drivers and of knowledge on alamei management 
in Sinya. The remainder of this study (phase 2) 
focusses on one specific decision juncture prior to 
the long rains in March and April. For this decision 
period two types of forecast information were 
considered important: (1) whether the expected 

long rains in March and April are predicted to 
arrive and (2) if predicted, will the rains provide 
enough precipitation for the grasses to regrow over 
an area the size of Enduimet Division (1282 km2), 
which encompasses Sinya’s core grazing areas. 
This can best be communicated through a group 
of trained volunteers through a meeting or a phone 
call chain, who learn how to communicate this 
information so that the uncertainties become clear. 

Model skill

In the research the skill of the ECMWF model to 
forecast the above dimensions was analysed. The 
seasonal forecasts from this model were used to 
predict whether the 5-day accumulated rainfall 
would stay below a threshold in the upcoming 
month. After applying a quantile-to-quantile 
mapping technique to correct for the bias the 
forecasting skill was determined. To understand 
the impact of scale, the skill was determined both 
for the Enduimet Division (LON 36.7 by 37.4, 
LAT. -2.6 by -3) and for an extended area (LON 
32.0 by 40.0, LAT 0.0 by -6.0) which comprises 
the whole of Maasailand (Table 1).

Table 1: Overview of the ROC-scores indicating 
the ECMWF model skill to determine the 5-day 
precipitation threshold exceedance for Enduimet 
Division and the Extended area of Maasailand. 
A ROC-score of 1 means perfect model skill (all 
predictions correct), the score of 0.5 means half of 
the predictions are correct, and less than 0.5 means 
one can better flip a coin than use the model.

Data extraction Area ROC-score March ROC Score-April
Forecast (FC) & reanalysis (RE) small Enduimet area 0.78 0.59

FC extended area Maasailand RE Enduimet area 0.78 0.79
FC & RE extended area Maasailand 0.84 0.76

Discussion [Conclusions/Implications]
Through an in-depth engagement with semi-
nomadic pastoralists in Longido, this study has 
identified weather information which can provide 
value to the drought management strategies of the 
Maasai communities in the area, in addition to 
the current knowledge and available information. 
However, the skill of these predictions can still be 
improved. This can be done through (1) validating 
the reanalysis data with ground measurements, 
(2) conducting more research on the rainfall 
threshold and other potential factors which may 
play a role in grass regrowth, and (3) running the 
model at levels, to detect the scale with the best 

balance between model skill versus usability for 
pastoralists. 

In addition to the improvement of the skill, 
the way of communication is of importance to 
prevent misinterpretation and assure the receiving 
group can make an informed decision on how to 
use the information in their alamei management 
strategies. To prevent adverse impacts as much 
as possible, it is recommended to set up a support 
committee who discusses how this information 
can best be communicated, not only in terms of 
medium (as discussed in the results) but also on 
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how to explain the concept of probability to ensure 
the expectations of the users match the capability 
of the forecasts.

Through careful implementation of the weather 
prediction information provision which is obtained 
in this research, valuable lessons can be learned 
on both communication of this information as 
well as which additional predictions can support 
this information. As satellite resolution and 
model performance continue to improve, these 
communication systems can continuously be 
updated and grow alongside with the technology. 
This will assure pastoralists in these remote areas 
benefit from these technological resources too, in 

times of increasing uncertainty of precipitation 
patterns and drought occurrence.
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Microbiome of the cool season forage grass timothy (Phleum pratense L.) and its potential role 
in stress tolerance 
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Abstract
The functional attributes of the microbiome associated with timothy for growth promotion properties, 
antimicrobial and biosurfactant capacities were characterized. A total of 254 culturable bacteria were 
identified by 16S rRNA sequencing and grouped into 16 taxa that shared high homology of 98–99% with 
other known sequences. The majority of bacterial isolates exhibited multifunctional growth promotion 
attributes and plant stress improvement. The selection of competent and compatible strains for application 
in forage production is dependent on the recognition of root exudates and motility towards the roots, 
attachment to the root surface, formation of biofilm, penetration, and colonization of internal tissues.  
We selected competent rhizospheric bacteria to generate a multispecies consortium made of three strains 
that displayed growth-promoting abilities in timothy through the production of IAA, volatile organic 
compounds that increased root biomass, the production of siderophores and antibiotic resistance, as well 
as the ability to colonize plants. This study demonstrated that the multispecies consortium displayed 
biofilm formation and chemotactic behaviour towards several organic acids and towards root exudates 
released from the model grass Brachypodium distachyon. Organic acids were successful in stimulating 
the formation of biofilm of the multispecies consortium. In particular, fumaric and malic acids enhanced 
selective recruitment of the multispecies consortium in a dose-dependent manner thereby, promoting 
biofilm formation on root surface as demonstrated in SEM micrographs. The multispecies consortium 
exhibited biofilm-related traits including the production of exopolysaccharides (EPS) and alginate. EPS 
amounts were comparable in single strains and consortium forms and alginate production increased by 
160% when the consortium was subjected to drought stress. These findings demonstrated that plant-
microbe interaction is the hub of various factors directly affecting this balanced dual relation and that 
root exudates could be very selective in recruiting highly qualified multispecies consortium.

Introduction
Plant-growth-promoting rhizobacteria (PGPR) 
are associated with plant roots and augment 
plant productivity and immunity.. The significant 
beneficial effect of rhizobacteria on plant growth 
are achieved by phosphorus solubilization, more 
nitrogen fixation, production of siderophores 
and biosurfactants along with their capacity to 
synthesize an array of metabolites like hormones 
and organic acids capable of assisting the plants 
and increasing their productivity under biotic and 
abiotic stress (Numan et al., 2018).

Successful and effective colonization of plant roots 
by rhizospheric PGPR depends on the exudates 
excreted by roots in the rhizosphere. Root exudates 
consisting of organic acids, free sugars and amino 
acids are essential components of rhizodeposits 
(Jones et al., 2009). It is established that low 
molecular weight carbon compounds such organic 

acids from the roots represent one of the essential 
drivers of bacterial activity and diversity in the 
rhizosphere (Eilers et al., 2010) that influence the 
microbial community surrounding the root system 
in the rhizosphere Components of root exudates 
are reported to mediate both positive and negative 
interactions in the rhizosphere chemotactic 
response and biofilm formation of rhizospheric 
bacteria (Rudrappa et al., 2008).

Soil bacteria belonging to different genera, exist 
in their natural environment in close proximity 
where fitness of a single cell depends on the 
interaction and cooperation with other cells in 
the population (Cavaliere et al., 2017). This 
cooperation, referred to as syntropy, among 
different bacterial genera stimulates key processes 
that benefit plant growth and health and governs 
metabolism and growth among diverse microbes 
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in natural settings (Kouzuma et al., 2015). Thus, 
a combination of microorganisms in the form of 
mixed inoculants that interact synergistically is a 
feasible strategy for increased activity and better 
viability of plant-growth-promoting rhizobacteria 
(PGPR). Additionally, studies reported that 
multispecies consortia are more effective in their 
biological function than monocultures of single 
species (Seneviratne et al., 2008). Therefore, it 
is essential to use selective PGPR as consortia, 
which are compatible and able to produce 
certain phytohormones and exhibit assorted 
biochemical functions. The understanding of 
application multispecies consortium capable of 
producing phytohormone will serve as the basis 
for future research to elucidate the role of bacterial 
communities in crop productivity and sustainable 
agriculture.

The overarching goal of this study was to (i) 
characterize at the molecular and biochemical 
levels the bacterial isolates associated with tissues 
of timothy cultivars grown under field conditions, 
(ii) select the top performing isolates, in relation 
to phytohormone production and other growth 
promoting attributes, in the form of multispecies 
consortium, (iii) determine whether organic 
acids released from root exudates of the model 
grass Brachypodium act as an attractant to the 
multispecies consortium by inducing chemotactic 
response and biofilm formation of the consortium 
compared to single species inoculum.

Materials and methods 
Three field sites located in Sainte-Anne-de-
Bellevue, Québec, Canada were selected for 
sampling. Sampling was conducted in October 
2016. A total of three replicate samples (four plants 
per sample), their associated rhizosphere soil  and 
surrounding bulk soil  were randomly collected 
from every field and   processed within 48 h. 
Leaves and crowns from each sample were cut into 
sections of 0.5 cm in width and surface sterilized 
by stepwise washing procedure with ethanol and 
sodium hypochlorite (Schulz et al., 1993) and 
processed separately. Samples of the rhizosphere 
and bulk soils of each field site were pooled and 
three subsamples (10 g each) were processed 
separately. Bacterial colonies were grown on 
specific media and the emerging bacterial colonies 
from plant tissues and from both types of soils 
were preserved in glycerol and stored at -80°C. 

A range of functional biochemical tests were 

performed in triplicate to characterize the 
endophytes’ traits for growth promotion These 
tests include the estimation of indole 3-acetic 
acid (IAA), 1-aminocyclopropanecarboxylic 
acid (ACC), the production of volatile organic 
compounds (VOC), and a series of enzymatic 
tests to select bacterial isolates exhibiting plant’s 
colonization and antimicrobial traits and stress 
tolerance tests as detailed in Saleh et al. (2019).

Bacillus species strains 28 and 144, and 
Microbacterium sp. strain 50 isolated from the 
rhizosphere of timothy were selected because of 
their growth-promoting abilities in timothy. The 
compatibility and interaction among the three 
bacteria of the consortium was tested using the 
Burkholder agar diffusion assay (Burkholder et al., 
1944) and through the co-culture plating method. 
The response of the multispecies consortium to 
organic acids was quantified using a modified 
capillary chemotaxis assay (Mazumder et al., 1999) 
and qualitatively evaluated using the drop assay 
in carbon-free medium (Kadouri et al., 2003). To 
study the effect of root exudates of plants on the 
chemotaxis and biofilm formation of the selected 
strains, Brachypodium distachyon Bd21 was 
grown as previously described (Saleh et al., 2020). 
The effect of root exudates and organic acids on 
the formation of bacterial biofilm was determined 
in 96 microtiter plates. Additioanlly, biofilm 
traits, including exopolysaccharide and alginate 
production, hydrophobicity and swimming and 
swarming motility were studied .

Results
Diversity, distribution, and multi-functional 
attributes 

A total of 476 culturable bacterial isolates were 
recovered from three replicate samples of bulk 
and rhizosphere soils and crown and leaf tissues 
(endosphere) of timothy grown in the different 
fields. Percent distribution of bacterial isolates 
in the three fields was comparable, with field 3 
having the greater proportion of the total number 
of isolates (36%). The genus Arthrobacter was 
cultivar-specific to Champ, while the genus 
Pedobacter was predominantly associated with 
the cultivar AC Alliance. More than 60% of the 
culturable isolates were recovered from different 
fractions of the soil with the majority (41%) of 
them recovered from the rhizosphere soil. Leaf 
and crown tissues harbored 106 and 65 isolates 
of culturable endophytes respectively. A total of 
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254 isolates were associated with five different 
phyla (Actinobacteria, α- and β-Proteobacteria, 
Bacteroidetes and Firmicutes) and 16 discrete 
genera that shared high homology (91 to > 99%) 
with known bacterial sequences in GenBank. The 
most frequently isolated bacteria belonged to the 
Gram-positive bacterium, Bacillus (28%), the 
Actinobacteria Streptomyces (6%) and the Gram-
negative genera, Pseudomonas (7%), Pedobacter 
(5%) and Pantoea (5%). Our results show that a 
greater portion of the relative abundance of the 
bacterial microbiome (64%) is associated with the 
bulk and rhizospheric soil fractions than the plant 
tissue and that the proportion and diversity of the 
genera inhabiting the rhizosphere soil (41%) was 
greater when compared with the surrounding bulk 
soil (24%). Of particular interest, is the enrichment 
and sole presence of rhizosphere competent 
isolates such as Curtobacterium, Pedobacter, 
Streptomyces and Variovorax, indicating that 
selectivity of timothy root to certain rhizosphere 
bacterial taxa could be influenced by root 
exudation and host-derived metabolites leading to 
differences in the bacterial community structure 
between rhizosphere and bulk soil. 

OPLS-DA analysis revealed a variable grouping 
among the bacterial isolates based on the recorded 
biochemical features. Bacteria sharing the same 
biochemical attributes were clustered close 
together (95% confidence interval). In total, 60 
isolates belonging to 16 different genera were 
selected for additional assays related to volatile 
compounds production, antifungal activity, and 
biosurfactant-producing properties. Calcite 
solubilization, the production of siderophores 
showing varying intensities of CAS substrate 
hydrolysis and biosynthesis of the plant growth 
promoting hormone IAA, are the most commonly 
occurring functional traits of isolates across the 60 
isolates. The release of volatile organic compounds 
by isolates (28, 50, 63, 120, 144, 295, 464) 
significantly (P ≤ 0.05) triggered growth promotion 
in grass seedlings for a period of 12 days compared 
to the control treatments. The best performing 
isolate was Bacillus (28) which caused a 32-fold 
increase in seedling’s dry weight when compared 
to the control treatment. The same isolates were 
excellent IAA producers. Out of 60 isolates, many 
bacterial isolates exhibited varying degrees of 
antifungal activity against five phytopathogens of 
different lifestyles. Surprisingly, the same isolates 
(isolates 33, 70, 12, 17 and 48) that displayed 
strong antifungal activities consistently displayed 

a strong biosurfactant activity and an antimicrobial 
activity. The highest resistance was detected with 
hygromycin which means that these microbes are 
capable of competing with the surrounding bacteria 
in the microbiome without being suppressed by 
their presence. Furthermore, these beneficial 
microbes had clear phenotypic effects on their hosts. 
Timothy seedlings inoculated with live bacterial 
isolate (120) had more root mass compared to the 
control treatments. SEM micrographs revealed 
that more hair roots are formed in bacterized roots 
compared to non-bacterized roots. 

Organic acids and root exudates of 
Brachypodium distachyon: their effects

Assessment of the compatibility of strains (i.e., 28, 
50 and 144) showed that they all grew similarly 
whether inoculated alone or in combination with 
one or two strains. Other traits were also evaluated 
like EPS production, swarming and swimming 
characteristics. The amount of EPS produced 
by individual strains in monoculture and when 
co-cultured in a multispecies consortium was 
similar and the increase in the hydric stress has 
led to substantial increases in alginate ranging 
from 160% increase in multispecies consortium 
to 80 % in Microbacterium strain 50 compared 
to media without PEG. On the other hand, the 
swimming and swarming motility of each of the 
bacteria was quantitatively measured at 24 and 48 
h of incubation. After 24 h of incubation, strains 
28, 50 and 144 displayed similar swimming 
and swarming motility (p ≤ 0.05) while after 48 
hours of incubation, swimming and swarming 
motility of bacteria increased. The hydrophobicity 
of the bacterial strains as monoculture and as 
multispecies consortium was quantified as the 
fraction of bacteria adhered to the hydrocarbon 
phase. All strains were similar in their hydrophobic 
capacity. The capillary chemotaxis assay revealed 
that the multispecies consortium was attracted to a 
variety of organic acids. Generally, the consortium 
cells migration into the syringe were positively 
correlated to certain organic acid at specific 
concentrations. The capillary chemotaxis assay 
revealed that the multispecies consortium was 
attracted to a variety of organic acids. Significantly 
high numbers of cells compared to their relative 
control were observed in both concentrations of 
fumaric acid at 25 and 50 μM/L. Chemotaxis was 
also evaluated qualitatively. All tested organic acids 
(succinic acid, fumaric acid, citric acid, oxalic acid 
and malic acid) and concentrated root exudates of 
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Brachypodium initiated a chemotaxis response on 
cells from the multispecies consortium compared 
to bacteria and chemotaxis buffer. Compared to the 
buffer solution that served as control, consortium 
cells formed an unusual large ring of turbidity near 
the center of each organic acid within the first 30 
min indicating that a chemotactic response of the 
consortium was triggered. The Brachypodium root 
exudates (concentrated 50 times) had a similar 
but intense pattern. The ring of turbidity formed 
indicating that exudates were actively attracting 
bacteria. Also, the biofilm formation by single 
species and by the multispecies consortium was 
evaluated in microtiter plates at 24 and 48 h. The 
biofilm formation by single species depended on 
the organic acid type and concentration, and time 
of incubation. In parallel, the effect of root exudates 
on biofilm development in the multispecies 
consortium was also studied on microtiter plate. 
Biofilm development increased at 10μL of root 
exudates (50× concentrated) originating from 
Brachypodium seedlings inoculated with the 
consortium by 32% compared to the control at 48 
h. Bacterial strains were visualized for their single 
and mixed biofilm formation on glass coverslips 
and on the root surfaces of Brachypodium. 
Strains 28, 50 and 144 formed strong but different 
biofilm phenotypes as well as when mixed in the 
consortium. 

Discussion
This study reported for the first time the 
abundance, diversity and distribution of bacteria 
associated with different tissues of two cultivars of 
timothy grass (Phleum pratense L.) grown under 
field conditions, along with their biochemical and 
molecular characterization. Despite several studies 

related to bacteria associated with grasses, an in-
depth study on the use of bacteria on cool season 
grasses, such as timothy is lacking. Hence, 
studies such as ours using strains isolated from 
timothy on the model grass Brachypodium help 
to bridge the gaps leading to a possible overview 
for the kind of relation between bacterial isolates 
and forages. 

Following a series of cultural and biochemical 
tests, bacterial strains were studied for their 
growth promoting attributes and the capacity 
to sustain biotic and abiotic stress conditions 
through the production of indole-acetic acid, 
siderophores, HCN and a large array of enzymes 
that are capable of making nutrients more 
available to the grass, as well as enzymes capable 
of degrading cell walls of fungi. These attributes 
have accelerated the selection of efficient strains 
successfully colonizing the internal parts of 
plants tissues. 

This study allowed us to gain insight on the effect 
of individual organic acids and root exudates 
released from Brachypodium distachyon on 
the multispecies consortium. Features, like the 
competency and compatibility of single free 
cells behaving like a multicellular entity were 
documented. In addition, the study provided 
information on bacterial biofilm traits, including 
motility, alginate and exopolysaccharide 
production and their chemotactic behavior 
towards pure organic acids and root exudates. All 
these traits enhanced the chances of rhizospheric 
bacteria to successfully colonize the host. And 
further, presented knowledge on specific organic 
acid(s) released from Brachypodium roots which 
may have modulated the chemotactic response 
and biofilm formation of multispecies consortium,
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Abstract 
The world grasslands/rangeland ecosystems comprise 26% of earth’s surface and have immense ecological 
and economic significance. Diversity of grasslands had been a key element for their sustainability. 
Grasslands in India have existed as natural ecosystems for millions of years. It is a major source of 
income, employment and livelihood to the rural families. Owing to heavy grazing pressure, coupled 
with other social/anthropogenic factors, the grazing resources have fast deteriorated. The country has 
many old and natural grasslands with ethnic and economic value. Comprehensive ecological studies 
including floristic compositions, dominant species, grazing pressure and the climax/sub-climax stages 
of ecological succession will surely provide prescriptions for developing and rejuvenating these grazing 
resources. Grasslands face challenges in arid, semiarid and the moist lowlands with trees, shrubs and 
many invasive species including alien trees and shrubs introduced intentionally or unintentionally. Fast 
degrading rangelands in dry areas is causing a threat to huge amount of carbon stored in the top soil on 
earth in addition to threat to global hotspots for biodiversity. In the context of fast changing climate, the 
grazing lands can play a significant role. High water use efficiency and productivity of most C4 tropical 
grasses make them suitable for coping with climate change along with quality fodder. 

Introduction
The world grasslands/rangeland ecosystems 
comprise 26% of earth’s surface and support 
the livelihoods of more than 38% of the global 
populations, mostly world’s poorest (Nalule, 
2010). This highly dynamic ecosystem, developed 
since Pleistocene, has immense ecological and 
economic significance since dawn of civilization. 
Natural grassland is an ecosystem in which 
the dominant species are perennial grasses, 
with few or no tress /shrubs. 

By 2050, the agricultural sector has a challenge to 
produce 60% more food, feed and fibre (8.5 billion 
t/yr) (FAO 2014). India and China contribute 
largely to the Asian grazing lands and both have 
tropical, temperate as well as alpine grasslands. 
Out of ~5.4 billion ha of global grasslands, the 
Asia-Pacific region accounts to 1.2 billion ha. 
Grasslands also provide an opportunity of in-situ 
conservation of large number of flora and fauna. 
Diversity of grasslands had been a key element for 
their sustainability in areas under high ecological 

and climatic stresses; and balance among species 
representing different photosynthetic pathways 
has played key role because the different affects 
factors such as productivity, resilience to climate, 
biomass decomposition and forage quality. 

Although C4 species number accounts just 3% 
of the C3 species, they contribute ~25% of the 
primary productivity on earth (Sage et al., 1999; 
Edwards et al., 2010). These C4 plants dominate 
the grassland and savannah biomes of warm 
temperate to tropical latitudes. A small number 
of C4 species (mostly in the Poaceae), contribute 
substantially global C3/C4 grassland vegetation 
(Lloyd and Farquhar 1994). In fact, the C3/C4 
ecosystems such as savannas, occurring in hot, 
humid or subhumid climates, typically have C3 
trees at distance, C4 herbaceous grasses stratum 
and a few C3 grasses and forbs (Sage et al., 1999). 
Brazilian cerrado, Argentinean chaco, tropical 
savannas in Africa, Prairies of North America, 
pampas and campos of South America, grassvelds 
of South Africa and Northern Australia represent 
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such C3/C4 ecosystem. Some C4 species also 
occur in cooler and drier climates such as prairies 
of North America and Mongolian steppe. Kangaroo 
grass, red grass and wire grass grasslands are 
referred as C4 grasslands. Tall grass prairies are 
a diverse mix of C3 and C4 plant species but 
C4 grasses dominate the ecosystem. The global 
coverage of C4 vegetation is reported to be 18.8 
million km2 compared to 87.4 million km2 C3 
vegetation (Still et al., 2003). Photosynthetic use 
efficiency of water of the C4 plants is often higher 
and probably this ability led to expansion of the 
grassland biome in warm climates dominated with 
C4 grasses (Edwards et al., 2010). Hence, such 
grasslands exhibit high productivity with low 
moisture; high light and temperature.

Indian grasslands/potential

Grasslands in India, a millions of years old 
natural ecosystems are a major source of 
income, employment and livelihood to the rural 
families especially nomadic and semi-nomadic 
tribes. The grazing resources includes degraded 
forest, degraded agricultural lands, saline sodic 
wastelands, ravines, rangelands and wastelands; 
also habitat to variety of wild animals and birds. 
The country supports 20 % of the world’s livestock 
on only 2% of the world’s geographical area with 
~12.15 million ha permanent pastures. These 
natural grasslands have very high ethnic value; 
livelihood for many communities and reservoir 
of huge biodiversity (Malaviya et al., 2017). 
Ecological studies on the floristic compositions, 
dominant species and the climax/sub-climax 
stages over hundreds of years of ecological 
succession are ready prescriptions for developing 
and rejuvenating the grazing resources. Grasslands 
face challenges in arid, semiarid and the moist 
lowlands with trees, shrubs and many invasive 
species. Fast degrading rangelands in dry areas is 
causing a threat to huge amount of carbon stored in 
the top soil on earth in addition to threat to global 
hotspots for biodiversity. Some of the  ecologically 
important, Indian grasslands, viz. Shola grasslands 
of Nilgiris; Sewan grasslands of arid Rajasthan; 
semi-arid grasslands of southern part; Rollapadu 
grasslands in the semi-arid Andhra Pradesh; Banni 
grasslands of Gujarat; and Alpine grasslands of 
Sikkim and Western Himalaya, are in various stage 
of degradation. Nomadic pastoralism, a traditional 
form of human-livestock-grassland interaction, 
is still predominant in the drylands of western 
India, the Deccan Plateau, and in the mountainous 
reaches of the Himalayas (Roy and Singh 2013)

In the context of fast changing climate, the 
grazing lands can play a significant role. High 
water use efficiency and productivity of most C4 
tropical grasses (such as Panicum, Dichanthium, 
Heteropogon, Sehima, Cenchrus, Pennisetum) 
make them suitable for coping with climate change 
along with quality fodder. Owing to heavy grazing 
pressure, productivity of grasslands in arid and 
semiarid region is low ranging from 0.5 to 1.0 t/ha 
dry matter. Even if 75% of the area under Sehima- 
Dichanthium cover is improved by controlled 
grazing and reseeding, the fodder availability will 
increase from 83 million tons to 224 million tons. 
A large number of fauna species such as Tibetan 
antelope, Gazelle, wolf, black necked Crane and 
Fox from cold deserts, Lesser Florican, Asiatic 
wildcat, Asiatic wild ass, desert fox, monitor, spiny 
tailed Lizards, Laggar Falcon, Red headed Falcon, 
steppe Eagle, Long legged Buzzard, red headed 
vultures form hot climate are threatened due to 
habitat degradation and anthropogenic pressures 
(Malaviya and Roy 2021). 

The grasslands are invaded by unpalatable, alien 
species like Lantana, Eupatorium, Parthenium 
etc. Plantations of trees/shrubs such as Gliricidia, 
Azadirachta, Eucalyptus, Prosopis juliflora and 
Acacia auriculiformis have also adversely affected 
the grasslands. The savannas of NE India are 
notable for the persistence of large herbivores. 
Managing grasslands outside protected area has 
been major constraint along with adversaries of 
topography, altitude, low moistures availability 
and high stocking rates. Plantation of Prosopis, 
human encroachment and lopping of woody 
species are also adversely affecting. 

C3/C4 grasslands: climate change, carbon 
sequestration and the environment 

Species with the C3 and C4 modes of 
photosynthesis coexist in grasslands. Balance 
between the two vegetation types affects 
productivity, water use efficiency and quality of 
forage, animal productivity, carbon storage and 
nitrogen (Lattanzi 2010). It may be debatable 
whether that grasslands expanded because they 
included C4 species (Cerling et al., 1997) or C4 
vegetation expanded because grasslands expanded 
(Edwards et al., 2010) but it remains a fact that 
C4 species dominate the grasslands of tropical and 
sub-tropical climate. 

The agricultural areas, including grasslands/
wastelands, have a potential to sequester about 
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a third of the 4.5–6.5 Gt C eq/year net GHG 
emissions. Emissions by various livestock 
production cycles on grasslands, although prove 
negative for environmental protection, can be 
reduced by adopting free animal grazing on 
rangeland. The grassland ecosystems have faced 
severe stresses including temperature, moisture 
and edaphic factors owing to continued grazing 
and poor replenishing majors done. Such stresses 
affect C3/C4 balance. Lattanzi (2010) believed 
that the C3/C4 balance should have moved during 
the last 50 years. 

C3 and C4 plants also differ for light, water and 
nitrogen use efficiencies. Owing to difference in 
fibre content, the two types of plants also differ 
for the digestibility and decomposability. Under 
elevated CO2 increase in sugars, starch and fructan 
were reported among C3 grasses with reduction in 
protein content, however, among most C4 grasses 
protein content was least affected (Barbehenn et 
al., 2004). Thus, the quickly degradable biomass 
of species contributes to ecosystem, whereas 
the less digestible species are left ungrazed due 
to selective grazing by animals. Consequently 
frequency and density of such species will 
increase. Grazing pressure is another important 
factor to be accounted in climate change studies 
and effects on the C3/C4 balance. Ungrazed C3/
C4 grassland showed tall grasses replacing short 
ones but overall dominance of tall C4 such as 
Brachypodium sylvaticum and Miscanthus sinensis  
remained unchanged (Werger et al., 2002). High 
regenerative capacity becomes important trait in 
order to minimize the overgrazing effect (Lemaire 
et al., 2009). Leymus chinensis (C3) and Chloris 
virgata (C4) have shown major change in their 
competition magnitude and productivity as per  
precipitation and nitrogen availability (Niu et al., 
2008). Besides, this C4 grasses need to grow rapidly 
and survive under natural resource in order to 
dominate in the ecosystem. There has been limited 
study on grazing effect on C3/C4 vegetations in 
grassland at elevated CO2 (von Caemmerer et al., 
2001). Emissions by various livestock production 
cycles on grasslands, although prove negative 
for environmental protection, can be reduced 
by adopting free animal grazing on rangeland. 
Thus, the balance between C3 and C4 vegetation 
is responsive to climate change, and ecosystem 
function.

SOC sequestration potential per unit productivity 

is reported to be lower for C4 ecosystems because 
biomass derived from tropical C4 grasses will cycle 
through the soil faster than that derived from trees 
(Wynn and Bird 2007). Soil organic carbon (SOC) 
is important for sustaining agro-ecosystems, and 
is key for sustainable maintenance of soil health. 
Trees like  Ficus, Morus, Acacia and Leucaena 
are reported to contribute  63 to 81% higher TOC 
than fallow land whereas the C4 grasses such as 
Cenchrus, Panicum, and Chrysopogon increased 
TOC by 77 to 91% (Ghosh et al., 2021).

Along with C4 species, CAM plants, such as cacti, 
adapted to dry environments are also contributing 
to grassland productivity. Both the C4 and 
CAM pathways have evolutionary advantage 
for adaptation to hot climates (Guralnick et al., 
2008) and efficient in the conservation of water. 
CAM plants show better adaptability because of 
plasticity between C3 and C4 modes (Ueno 2004). 

Prospects and strategies

Thus, the high biomass C4 or C3/C4 grasslands 
can play vital role in future to cope with climate 
change because of their high productivity even 
under resource constraint. These ecosystems also 
have relevance to maintain other infrastructure 
sustainable such as the dams by checking silting 
process. There are species like Panicum maximum 
which represent C3/C4 intermediate types along 
with many germplasm close to either C3 or C4 type 
(Malaviya et al., 2020). Such climate smart species 
are most suitable candidate for making grasslands 
climate resilient in auto mode. Further to mention, 
the high biomass producing C4 grass biomass of 
can be potential source for lignocellulosic ethanol 
production or combustion energy production. 
However, there is need to identify desirable stages 
of succession, based on ecological principles, 
for sustainability of the system. This requires an 
understanding of the eco-physiological basis of 
coexistence of the C3/C4 balance in grasslands. 
As a major source of forage from the C3/C4 
grasslands and savannas, efficient recycling of 
natural resources and carbon sequestration need to 
studied. Recent advancement in C4 pathway and 
its evolution may open up further possibilities for 
introducing C4 pathway among some C3 species. 
The knowledge about the key genes controlling 
the expression of C4 photosynthesis may further 
boost by using the new C4 model species Setaria 
viridis (Sage and Zhu 2011).
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Abstract
Cow-calf beef operations are the primary users of the 8.75 million hectares of rangelands in the U.S. 
Pacific Northwest and will have to adapt to ongoing and future climate change. Management directed 
toward current rangeland stressors which may be amplified under a changing climate—including fire 
risk, invasive plants, and droughts—is likely to improve future resilience. And although climate change 
discussions have become highly politicized, our experience suggests that Pacific Northwest ranchers 
support “no-regrets” strategies that provide ecological and economic benefits under a variety of future 
conditions. Our goal is to foster adoption of these strategies by sharing individual success stories. A similar 
case study approach focused on crop producers has been used effectively in the Pacific Northwest, with 
over 20,000 views of 13 videos from 2016-2019, and more than 1600 views of case study documents. 
Our multi-media case studies profile successful ranchers who are using practices that increase resilience 
to climate change alongside economic, production, environmental, and other risks. By detailing their 
experience and insights the case studies encourage other ranchers to consider similar changes. Each case 
study consists of a brief video and a peer-reviewed written factsheet with descriptions of the rancher’s 
personal context and motivations; process of innovation; benefits, challenges and solutions to adopting 
practices. This narrative is paired with easy-to-read sidebars providing key science findings relevant to 
the practices being discussed. By connecting these insights with key science findings we give ranchers 
tools to adjust these practices to their particular operational context.

Introduction
Rangeland-based agricultural businesses, such as 
beef cow ranchers in the Western United States, 
are dependent on rangeland forage production 
for their livelihood. These families’ incomes 
rely on sustainable use of a moderately fragile 
natural resource. Society should value land-based 
businesses that are able to produce agricultural 
products as well as ecosystem goods and 
services if this can be done without sacrificing 
the productive capacity of these rangelands. 
Research and experience show that it is more cost-
effective to manage in such a way as to prevent 
degradation than to apply expensive rehabilitation 
efforts after degradation has taken place. However, 
some unsustainable grazing practices persist; 
efforts to educate and motivate ranchers toward 
economically and ecologically sustainable 
grazing practices requires something innovative 
educational approaches. 

Ranchers already manage multiple risks—
including those related to economics, production, 
the environment, and weather (Neibergs et al., 
2018). Climate change represents an added risk, 

but one that is challenging to manage because 
impacts are uncertain, variable over space and 
time, and often perceived as being only of concern 
in the distant future (Ding et al., 2011; Leiserowitz, 
Smith and Marlon 2011). We endeavored to show, 
rather than tell, a variety of proven practices 
for building and sustaining resiliency in beef 
operations so that both people and land are cared 
for well. The project team interviewed three ranch 
families who were already recognized as leaders 
in sustainability and developed a short film and 
a written publication for each that described and 
demonstrated economic, ecological, and social 
resilience.

Materials and methods 
This case study education strategy is informed by 
the diversity of research that has explored how 
and why adults are motivated to learn. (Knowles, 
Holton and Swanson 2005) establish that adult 
learners need to be involved in their instruction, 
that they are motivated by relevance to their work 
and life, and targeting solving problems, and that 
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experiences play an important part in learning. 
Studies of what drives memory systems in the brain, 
as captured in the AGES model and subsequent 
updates (Davachi et al., 2010; Davis et al., 2014) 
suggest additional principles for adult learning: a) 
there must be sufficient attention (A) on the new 
material; b) learners must generate (G) their own 
connections to knowledge that they already have; 
c) moderate levels of emotion (E) are necessary; 
and d) spacing (S) of learning opportunities is 
necessary. In addition, peer-to-peer learning has 
been shown to strengthen knowledge transfer 
through social networks and develop personal 
and collective responses (Röling and Wagemakers 
1998; Mills-Novoa 2011). Farmers, in particular, 
more readily receive instruction and example 
from other farmers than from scientific authorities 
such as researchers or outreach professionals. 
These bodies of research provide the foundational 
components of our proposed instructional materials 
and trainings. 

Results
Many strategies can enhance resilience to climate 
change and other future challenges – and these 
strategies often also provide immediate benefits 
to farming and ranching operations. The grazing 
resilience case study series explores strategies 
that innovative farmers and ranchers in our region 
are already using, and which may be of interest 
to others. Each case study and its complementary 
video centers around the experience of a regional 
producer, and provide summaries of relevant 
biophysical, economic, and social science that 
help inform when and how these strategies might 
work in other places.

One common definition of resilience, suitable 
for rangelands and other ecological systems, is 
“the capacity of a system to absorb disturbance 
and reorganize while undergoing change so as 
to retain the same function, structure, identity, 
and feedbacks” (Walker and Carpenter 2004). In 
rangeland management we seek to build social-
ecological systems that have high resistance to 
permanent change; one in which human actors 
are able and willing to respond in real time to 
biological feedback and to adjust management, 
and in which humans are prepared to make 
transformative changes in management to adapt 
when conditions change enough that continuing 
“business-as-usual” is not possible.

Current ecosystem models for rangelands identify 

relatively stable “states” inside of which predictable 
assemblages of plant species dominate. In response 
to excessive or compounded disturbances, the 
plant community can transition across a threshold 
into a new, different stable state characterized by 
different species. These thresholds can be thought 
of like wind moving soil. At 3 mph, 5 mph, 
10 mph, 15 mph nothing happens, the system 
remains stable. But at 20 mph there is sufficient 
energy to lift soil particles and move them, and the 
system shifts into a new, different (eroded) stable 
state. Managing for resilience means managing 
landscapes such that the current plant community 
stays well away from these ecological thresholds, 
so that disturbances are less likely to drive the 
system beyond that threshold.

Stingley Ranch

The “Grazing for Multiple Use Goals” case study 
describes principles and practices supporting 
ecological resilience on the Stingley Ranch. 
The Stingleys exemplify landscape grazing that 
avoids ecological tipping points in their grazing 
management. They use multiple practices which 
are known to promote good rangeland condition:

They apply dormant-season grazing as often 
as practical, which maintains or increases litter 
cover, maximizes grass vigor and reproductive 
success, and avoids stressing perennial grasses to 
protect their competitiveness against undesirable 
plants, such as invasive annual grasses. The 
observe light stocking rates relative to historical 
forage production. Grazing planning combines 
short grazing periods (less than 30 days) with 
long recovery times to minimize plant exposure 
to grazing animals and ensure species diversity. 
High ecological resilience is especially important 
in cases when operational flexibility is low. For 
example, if a rancher is unable to make rapid 
changes in herd size to accommodate reduced 
forage available in a given year, due to drought for 
example, stocking conservatively at all times is a 
sound practice.

Ecological resilience also promotes long-term 
profitability in several obvious ways. High forage 
yield is conserved with diverse, site-adapted 
plant populations. The duration of active growth 
is maximized with a diversity of plant species, 
increasing yield and reducing fire risk. Animal 
health is maintained where animals have access 
to a wide variety of plant species. The diverse 
landscape meets nutrient requirements and 
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provides a diversity of plant secondary compounds 
which maintain animal health when animals are 
able to be selective.

Watch the short documentary film on Russ 
Stingley and ecological resilience at https://youtu.
be/95ycSybYKTk.

Jack Southworth

The “Building A Tradition of Adaptive Rangeland 
Management” case study describes an operation 
near Seneca, Oregon, where Jack Southworth runs 
a cow-calf-yearling operation, grazing high-desert 
rangelands and dry forest systems using holistic 
management with a strong focus on managing for 
rangeland and soil health. He has implemented 
a variety of strategies to balance animal health, 
profitability, and land health. These practices, 
in combination with the ability and willingness 
to be flexible, have given Southworth’s ranch 
both ecological and operational resilience. 
Fundamentally, this allows him to remain 
profitable now while helping him manage the risks 
posed by changing climatic conditions. Watch 
the short documentary film on Jack Southworth 
and operational resilience at https://youtu.be/
n0zJDjkaP3o.

Richards Ranch

The case study “Building Resilience Through 
Engagement” describes Brenda and Tony 
Richards’ family cow-calf operation in Murphy, 
Idaho. Their cattle graze a combination of private 
and public rangelands. The Richards actively work 
with agencies and other entities that have rule-
making authority around grazing management 
on public lands. This engagement set a good 
foundation for actions during and after a 2015 
wildfire. The Richards hope such engagement also 
lays the foundation for providing them and other 
public lands lessees with the flexibility they need 
to have a resilient operation, necessary to address 
both current and future challenges that arise as the 
climate, their community, and society’s needs and 
values change. Watch the short documentary film 
on Tony & Brenda Richards and social resilience 
at https://youtu.be/iAzIMOYK1-g.

Discussion [Conclusions/Implications]
There is a growing recognition that the same 
strategies that make ranches and rangelands more 
resilient to climate change will also provide other 
important co-benefits. These include enhanced 

resilience to current weather-related variability, 
enhanced ecological functioning, and in at 
least some cases, enhanced or more sustainable 
economic performance. Implementing these “no-
regrets” strategies is thus important for enhancing 
the resilience of rangelands to a wide variety of 
shocks including, but not limited to, climate 
change. Specific strategies include:

•	 Management-intensive grazing or other 
strategies to ensure adequate rest periods. 
For example, relatively short rotations 
that ensure that native grasses are allowed 
to set seed in some years.

•	 Regeneration and recovery of degraded 
plant communities by actively managing 
grazing. The intent is to manage cattle 
in a way that the plants’ phenological 
stage when they are grazed, the duration 
of each pasture’s use, and the multi-year 
sequencing of grazing events are selected 
to promote tillering, seed production, 
seed-to-soil contact, litter deposition, 
seed germination, and seedling 
establishment.

•	 Grazing management that increases 
soil water holding capacity, reduce 
evaporation from the soil surface, and 
moderates soil temperatures.

•	 Management to reduce fire risk through 
promotion of native perennial plants 
and suppression of seed production and 
establishment of invasive annual grasses.

•	 Early de-stocking in the face of drought, 
to limit over-grazing and economic 
losses.

Livestock farmers in most semi-arid regions can 
successfully use these principles and practices 
to increase resilience of landscapes historically 
variable in the timing and amount of precipitation, 
landscapes where that variability may very well 
increase in the coming decades. People whose 
livelihoods dependent on naturally-occurring 
vegetation can learn from others who have been 
successful through the case studies described here.
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Abstract
Portable laser methane detectors (LMDs) may be an economical means of estimating CH4 emissions 
from ruminants. Here, we validated an LMD-based approach and then used that approach to evaluate 
CH4 emissions from indigenous dairy cows in a dryland area of Ethiopia. First, we validated our LMD-
based approach in Simmental crossbred beef cattle (n = 2) housed in respiration chambers and fed 
either a high- or low-concentrate diet. We found that the exhaled air CH4 concentrations measured by 
LMD were linearly correlated with the CH4 emissions determined by infrared-absorption-based gas 
analyzer (r2 = 0.55). On the basis of these findings, we constructed an estimation equation to determine 
CH4 emissions (y, mg min−1) from LMD CH4 concentrations (x, ppm m) as y = 0.4259x + 38.61. Next, 
we used our validated LMD approach to examine CH4 emissions in Fogera dairy cows grazed for 8 
h d−1 (GG, n = 4), fed indoors on natural-grassland hay (CG1, n = 4), or fed indoors on Napier-grass 
(Pennisetum purpureum) hay (CG2, n = 4). All the cows were supplemented with concentrate feed. Daily 
CH4 emissions did not differ among the three groups; however, a numerically greater milk yield was 
obtained from the CG2 cows than from the GG cows, suggesting that Napier-grass hay might be better 
than natural-grassland hay for indoor feeding. The CG1 cows had higher CH4 emissions per feed intake 
than the other groups, without significant increases in milk yield and body-weight gain, suggesting that 
natural-grassland hay cannot be recommended for indoor-fed cows. These findings demonstrate the 
potential of using LMDs to rapidly and economically evaluate feeding regimens for dairy cows in areas 
under financial constraint, while taking CH4 emissions into consideration.

Introduction
There are about 1.5 billion cattle worldwide, which 
are a major source of greenhouse gas emissions. 18% 
of greenhouse gas emissions due to anthropogenic 
activities are attributable to livestock farming. 
More than 70% of the gastrointestinal CH4 
emissions in 2018 are attributed to cattle (FAO 
2020). To reduce the greenhouse gas emissions 
associated with livestock farming, it will be 
important to develop methods of controlling the 
CH4 produced by fermentation processes in the 
gastrointestinal tracts of ruminants.

An estimated 73% of pasture and rangeland in the 

world’s drylands has been degraded, mostly as a 
result of overgrazing (O’Mara 2011). Ethiopia is 
one such country being impacted by serious soil 
erosion. To mitigate the soil erosion, grazing is 
restricted and indoor-fed animal production is 
encouraged in the country; to promote indoor 
feeding as an alternative to conventional grazing, 
accurate estimates of CH4 production from 
ruminants are necessary. However, various 
methods developed for measuring enteric CH4 
production by ruminants (i.e., respiration chambers 
for open- or closed-circuit calorimetry, SF6 tracer 
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gas technique, etc.) have the merits and demerits 
for their use. Cheaper and simpler methods of 
measuring CH4 with acceptable efficiency and 
precision are needed.

LMDs have been proposed as a potential 
economical means of estimating CH4 emissions 
without disturbing the normal activities of cattle 
(Chagunda et al., 2009). The CH4 concentrations 
in the exhaled air of cattle, as measured by 
LMD, were correlated with those measured by 
using respiration chambers (Ricci et al., 2014). 
However, in such previous studies, the LMD 
values were obtained after first measuring the CH4 
emissions in respiration chambers using the same 
animals. Further validation of the LMD approach 
by using values recorded simultaneously by means 
of an already validated method (e.g., respiration 
chambers) is needed before LMDs are applied in 
feeding trials examining CH4 emissions. 

We examined the use of an LMD-based approach 
to estimate CH4 emissions through two in-
vivo experiments for cattle. First, we validated 
our LMD-based approach against a respiration 
chamber-based approach in Simmental crossbred 
beef cattle (experiment 1 [exp 1]). Then, we 
performed a feeding trial to examine the effects of 
indoor feeding on the CH4 emissions and lactation 

performance of Fogera dairy cows (experiment 2 
[exp 2]).

Materials and methods 
Validation of CH4 emissions estimated by LMD 
against those measured by infrared-absorption-
based gas analyzer in an indirect open-circuit 
respiration calorimeter chamber (exp 1)

The CH4 emissions of two Simmental crossbred 
male beef cattle (body weight [BW], 224 and 260 
kg) were estimated by both respiration chamber 
and LMD at Linze Research Station, Lanzhou 
University, China. Each animal was provided one 
of two diets throughout the 12-d experimental 
period: high- and low- concentrate diet (HC and 
LC), both of which comprised alfalfa hay, wheat 
straw, and commercial concentrate feed.

Each animal was transferred after 5-d cubicle 
accommodation to an indirect open-circuit 
respiration calorimeter chamber. The CH4 
concentration in the exhaust air from each chamber 
was measured by using the gas analyzer every 
15 min for two 12-h periods (18:00−06:00). For 
the same periods, the CH4 concentration (LMD-
CH4) was measured with an LMD once an hour; 
the LMD-CH4 measurement was at 0.5-s intervals 
by using the LMD held at a distance of 0.6−1.2 m 
from the animal’s nostrils.

Assuming a double normal distribution (Figure 1), 
each of the LMD-CH4 datasets was split into two 
sub-datasets for eructation and for respiration, and 
five statistical parameters were calculated for each 
dataset: the means and SDs for LMD-CH4 values 
within each of the two sub-datasets, and the ratio 
distribution for the two sub-datasets that achieved 

the highest likelihood. 34 LMD-CH4 datasets were 
separated into two normal distributions. Each 
of the 34 datasets contained three mean values: 
ones for the two sub-datasets (for respiration and 
eructation) and the other for the combined sub-
datasets (before their separation into respiration 
and eructation). Each of the three mean-value 



828

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

groups was then regressed by using the least-
squares method against the dataset obtained with 
the gas analyzer at 0, 30, 60, and 75 min after the 
LMD-CH4 measurement. By using the pair of 
datasets with the highest correlation coefficient, an 
equation to estimate daily CH4 emissions using the 
LMD values was formulated.

Comparison of CH4 emissions from grazing 
versus indoor-fed dairy cows (exp 2)

A feeding trial for indigenous cows (Fogera 
breed) was performed for 24 d (21 Aug.−13 Sept. 
2019) at Andassa Livestock Research Center, 
Ethiopia (annual rainfall, 1434 mm; average daily 
temperature, 8.8−29.5 °C). Twelve multiparous 
dairy cows (BW, 227.4 ± 23.1 kg) in mid-lactation 
(107 ± 27 d in milk) were allocated into three 
feeding groups: a grazing group (GG, n = 4; 
control) and two indoor-feeding groups fed with 
natural-grassland hay (CG1, n = 4) or with Napier-
grass (Pennisetum purpureum) hay (CG2, n = 4).  
Species used for the natural-grassland hay in CG1 
was similar the ones in pasturelands used for GG. 
Napier grass was examined because it was a major 
forage in the drylands of Ethiopia, owing to its high 
dry-matter (DM) yield (ILRI 2018) and high crude-
protein (CP) content (Rambau et al., 2016). All 
three diets were designed to provide sufficient net 
energy and CP for a 3-kg daily milk yield. The GG 
cows grazed dairy for 8:00−16:00 were expected 
to ingest similar amounts of natural-grassland 
hay as the CG1 cows; no roughage was provided 
for the GG cows when they were accommodated 
indoors. All the cows were supplemented with 
concentrate feed.

As in exp 1, LMD-CH4 values were recorded for 
each cow each hour for two periods of 18:00−06:00. 
263 LMD-CH4 datasets were separated into two 
normal distributions for respiration and eructation. 
By using the regression equation obtained in exp 
1, the mean value of each of the three mean-value 
groups—for eructation, respiration, or both—was 
converted into a daily CH4 emission for each cow. 
DM digestibility was calculated by using the acid 
detergent lignin concentrations in the feed and 
fecal samples as internal markers. For GG cows, 
ground Cr2O3 was mixed with the concentrate 
feed, and the Cr2O3 concentrations in the feed and 
fecal samples were used as external markers to 
calculate their DM intake.

Results

Experiment 1

Gas analysis revealed that CH4 emissions increased 
immediately after feeding. The CH4 emissions of 
the cattle fed HC were higher than those of the 
cattle fed LC (1.9 vs. 1.5 g kg−0.75 BW d−1). The 
mean-value group comprising the respiration sub-
datasets (x) was most significantly correlated with 
the gas analyzer dataset up to 60 min after the 
LMD-CH4 measurement (y, Table 1).

Experiment 2

The gross-energy intake (GEI) calculated by 
using a reported equation (NARO 2010) was 88, 
77, and 92 MJ d−1 for GG, CG1, and CG2. CH4 
emissions per milk yield did not differ among the 
groups. However, the CH4 emission per DM intake 
was significantly higher in CG1 than in the other 
groups.

Discussion
Correlation of CH4 emissions estimated by 
LMD with those measured by gas analyzer in a 
respiration chamber

More than 80% of the hourly measurement 
datasets could be used to produce the two normal 
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distributions. The percentage of LMD-CH4 values 
categorized into eructation in each of the LMD-
CH4 datasets ranged from 11.7% to 48.3% (exp 
1), which was consistent with the previous report 
(Ricci et al., 2014). Each LMD-CH4 value in the 
LMD-CH4 dataset was properly categorized into 
one of the two sub-datasets.

Higher correlation coefficients obtained by using 
the respiration sub-datasets than the eructation 
sub-datasets (Table 1) indicated that respiration 
was more useful than eructation for quantifying 
the CH4 emissions of individual cattle. The 
respiration sub-datasets were well correlated with 
the gas-analyzer dataset for 0−60 min after LMD-
CH4 measurement (r2 = 0.55; Table 1, Figure 2). 
Based on this dataset, we constructed an equation 
to estimate the CH4 emissions in exp 2 as y = 
0.4259x + 38.61 (y, CH4 concentration, mg min−1; 
x, mean of respiration sub-datasets recorded by 
LMD, ppm m). 

Effects of grazing versus indoor feeding on 
productivity and CH4 emissions of dairy cows

The higher Napier grass CP concentration (Table 2) 
than the reported minimum CP concentration (8%) 
when forage is provided as a sole diet to ruminants 
(Minson 1980), indicated that this grass could be 
used as a basal diet for Fogera dairy cows. By 
contrast, the CP concentration in natural-grassland 
hay lower than in the Napier grass suggested that 
natural-grassland hay could not be used as a basal 
diet.

The similarity in the CH4 emissions per metabolic 
body size and in the ratios of CH4 energy to GEI 
between GG and CG2, and the numerically higher 
milk yield and BW gain in CG2 than in GG (Table 
3) suggested that Napier grass was a suitable 
forage for indoor feeding. Less fibrous diets with 
low neutral-detergent-fiber (NDF) concentrations 
promote dietary passage through the rumen and 
decrease digestibility (Ichinohe et al. 1994). 
This may explain the decreases in DM digestive 
coefficients in CG1 and CG2 compared with in 
GG.

Daily BW gain was insignificant in CG1 but 
positive in the other groups. Using the data obtained 
from the tri-axis accelerators attached to GG cows 
in our other study, we estimated metabolizable 
energy (ME) required for grazing at 7 MJ d−1 and 
for maintenance at 30 MJ d−1 (unpublished): ME 
requirement for the indoor-fed cow was 19% less 
than the GG cow. In the current study, the lower 
DM intake in CG1 than in GG resulted in 12% 
GEI decrease in CG1 compared with GG; this 
GEI difference was further calculated as 21% 
lower ME intake in CG1 than in GG (44 MJ d−1 vs. 
56 MJ d−1) by using the energy metabolizability 
estimated in the other study. The decrease in ME 
intake for CG1 compared with GG—which was 
more than the decrease acceptable for BW gain—
and the comparable milk yield between CG1 and 
GG might have led to the lack of BW gain in CG1. 
Together with the lower DM digestibility in CG1 
than in GG, these findings suggest that natural-
grassland hay is not a suitable feed for indoor 
feeding. 
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Assessment of the equation obtained by using 
CH4 concentrations recorded by LMD to estimate 
CH4 emissions

The CH4 emissions per metabolic body size 
estimated in exp 1 and exp 2 were lower than those 
calculated by using the reported equations (Niu et 
al., 2018; Hristov et al., 2013). Nevertheless, the 
ratios of CH4 emissions to GEI in exp 2 (4.1%–
5.0%) were consistent with the previously reported 
ratios (2%–15%, Flachowsky and Lebzien 2012). 
The NDF concentrations of the ingested diets in 
our experiments (48%–66%) were higher than 
those used by Niu et al., (35%) and Hristov et al., 
(34%) for constructing their equations. In contrast, 
DM intake in our experiments (3.7–5.6 kg d−1) was 
lower than those used by Niu et al., (18.5 kg d−1) 
and Hristov et al., (16.5 kg d−1). The lower CH4 
emissions that we obtained might have been due 
to the inappropriate extrapolation of values by 
the reported equations, which were constructed 
by using datasets of cattle breeds different from 
those used here (Holstein, Ayrshire, Jersey, Brown 
Swiss, Angus, Hereford).

Conclusions/Implications
We obtained an equation to estimate CH4 emissions 
(y, mg min−1) from LMD CH4 concentrations 
(x, ppm m) as y = 0.4259x + 38.61 (r2 = 0.55). 
It was suggested that Napier grass is a suitable 
feed for indoor feeding. We demonstrated that 
LMDs can be used to test feeding regimens with 
consideration to the CH4 emissions of dairy cows. 
Using LMDs will make feeding trials cheaper 
and simpler than with other currently available 
methods for determining CH4 emissions, and will 
be useful for studies conducted in countries under 
financial constraints.
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Abstract
Perennial grasses are an important pasture forage source for the animal production industry around 
the world. However, the lack of available water limits the use and efficiency of the water resource 
for maximizing the forage yield. Furthermore, the highest perennial grasses production is obtained in 
southern Chile, where the frequency and intensity of the rainfalls has been significantly diminished in 
the main growing period. Thus, the purpose of this research was to evaluate the responses of forage yield 
() and irrigation water use efficiency () under different levels of water stress on perennial grasses sown 
in Chile. The experiment was conducted at the Regional Research Center Carillanca of the Instituto 
de Investigaciones Agropecuarias (INIA-Carillanca), Región de La Araucanía, Chile (38°41’ LS; 
72°24’ LW; 188 m above sea level) during the 2017/2018 season. Four treatments of water stress were 
established: T1 (non-stressed: the soil moisture was always between readily available soil water and 
field capacity), T2 (80% irrigation application of T1), T3 (60% irrigation application of T1) and T4 (only 
rainfed). Seven perennial grasses were used: Chilean materials of Bromus valdivianus Phil (Bromino 
INIA, Bronco INIA, 3287 and 3771), Lolium perenne L. (Nui), Festuca arundinaceae Schreber (Kora) 
and Dactylis glomerata L. (Greenly). The soil water content at each water level condition was monitored 
using FDR sensors. The  and  were measured during all season, but in this study only shows data 
during maximum water demand period (January-February) reaching 2 cuts. Strip-plot statistical design 
with 7x4 factorial arrangements and three repetitions was used in this study. There were significant 
differences in  and  between perennial grasses and deficit irrigation condition. Some Bromus materials 
had the highest values of  and , statistically similar to tall fescue Kora. These results are promising to find 
Chilean native perennial grasses materials that adapt better to water-limited conditions.

Introduction
Perennial grasses are an important pasture forage 
source for animal production industry around the 
world. The Araucanía (from 37.5° to 39.5° S and 
71° to 74° W), Los Ríos (from 39.5° to 40.5° S 
and 71° to 74° W) and Los Lagos (from 40.5° to 
44.0° S and 71 to 74 W) regions in Southern Chile 
represents about 48% of the total area for the natural 
and improved pastures production, producing close 
to 70% of the country’s milk and most of the beef 
meet (INE 2007). However, the lack of persistence 
has been a problem in most of the farms due to 
low survival of plants caused mainly by biotic and 
abiotic factors, type of genotype, and agricultural 
managements (Nie et al., 2008; Neal et al., 2009). 
Furthermore, in southern Chile, the survival of 
perennial grasses may be moreover reduced due to 
changes in the quantity, distribution and frequency 

of rainfall patterns, and extreme heat events during 
maximum water demand period (López-Olivari 
and Ortega-Klose 2020). A possible alternative 
to avoid reducing the high dry matter production 
existing in southern Chile is the incorporation of 
deficit irrigation () concept, where it is an irrigation 
strategy management that could be applied in 
zones that present limited-water conditions. In this 
context, the propose of this study was to evaluate 
the response in dry matter production () and 
irrigation water use efficiency () under different 
levels of water stress on perennial grasses.

Materials and methods 
The study was carried out at the Regional 
Research Center Carillanca of the Instituto de 
Investigaciones Agropecuarias (INIA-Carillanca), 

mailto:rafael.lopez@inia.cl
mailto:fortega@inia.cl
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Región de La Araucanía, Chile (38°41′ S, 
72°24′ W, and its elevations is 188 m above sea 
level). Seven perennial grasses such as Bromus 
valdivianus Phil (Bromino INIA, Bronco INIA, 
3287 and 3771), Lolium perenne L. (Nui), Festuca 
arundinaceae Schreber (Kora) and Dactylis 
glomerata L. (Greenly) were sown in autumn of 
2017 with a sowing rate of 27, 20, 20 y 12 kg ha-1, 
respectively. The total surface of the experiment 
over flat ground was 179.5 m2 including the main 
aisles. Within that area, three repetitions of 51.8 
m2 each (6.48 × 8 m) were employed. The vertical-
strip plots were the perennial grasses materials (7 
strips of 7.2 m2: 8 × 0.90 m including both border 
row), and the horizontal-strip plots were the 
irrigation treatments (4 strips of 12.96 m2: 6.48 × 
2 m including the border rows) which were always 
perpendicular to each other. Thus, the intersection 
plots were 1.8 m2 each (4 rows separated by 0.18 m 
of 2 m of length each and two borders of 0.09 m on 
each side). A typical temperate climate is found in 
the experiment zone as described by López-Olivari 
and Ortega-Klose (2020). In the experimental site 
the soil presented a silty clay loam texture (INIA-
Chile certified soil laboratory) for the effective 
rooting depth (, 0-30 cm) with values of bulk 
density, pH and organic matter (), field capacity 
() and wilting point () equal to 0.59 Mg m-3, 6.2, 
19.3%, 45.9 and 23.5 m3 m-3, respectively. Four 
treatments of water levels were implemented: T1 
(full irrigation), T2 (80% irrigation application 
of T1), T3 (60% irrigation application of T1) 
and T4 (only rainfed). The amount of irrigation 
applied per treatment was defined through the 
flow rate per linear meter by varying the distance 
of the drippers (pressure-compensating button 
drippers, Netafim Ltd, Tel Aviv, Israel). For T1, a 
discharge of 6.0 l/h/lineal meter (2.0 l/h each and 
separated at 0.33 m) was used, while for T2 and 
T3, a discharge of 4.8 l/h/lineal meter (1.2 l/h each 
and separated at 0.25 m) and 3.6 l/h/lineal meter 
(1.2 l/h each and separated at 0.33 m) was used, 
respectively. The irrigation water supplied for T1 
treatment was determined using the total available 
soil water (; mm), soil water depletion fraction () 
and readily available soil water (; mm) concepts 
following the FAO methodology found in Allen 
et al. (1998). Thus, the irrigation was done when 
60% of  was depleted from  for T1 treatment. The 
irrigation frequency was determined using in each 
repetitions a set FDR volumetric moisture sensor 
(Function Domain Reflectory; ECH2O EC-5, 
Decagon Devices, Inc.) installed at a depth of 10 

cm and another at 30 cm for T1, while for T2, T3 
and T4 a FDR probe was installed at a depth of 30 
cm in each plot. The irrigation time was calculated 
using , the flow rate of the emitters and irrigation 
efficiency. The FDR sensors was calibrated 
following the proposed by López-Olivari and 
Ortega-Klose (2020). On the other hand, the 
forage yield (kg DM ha-1) was evaluated during 
the maximum demand period by water from the 
atmosphere (2 cuts) between January and February 
2018. A total of 252 subsamples were harvested in 
the central meters of each intersection plot. These 
were then weighed and dried in a forced-air oven 
at 65°C until constant weight was achieved. Also, 
the irrigation water use efficiency () was computed 
as the ratio between the dry matter yield (kg DM 
ha-1) and quantity of applied water (m3 ha-1) for 
each cut evaluated. Finally, strip-plot statistical 
design with 7x4 factorial arrangements and three 
repetitions was used for measuring the interaction 
effect between perennial grasses materials and 
irrigation levels on the variables evaluated and 
calculated (Gomez and Gomez 1984). Analyses 
of variance (ANOVA) were performed on the 
variables measured and computed among each cut. 
The mean comparison was done using Tukey’s 
HSD test at p ≤ 0.05.

Results
Variation of volumetric soil moisture

The fourth and fifth cut of the different perennial 
grasses were observed in the periods of maximum 
atmospheric demand and critical growing stages 
(Figure 1). The third cut represent the previously cut 
before the beginning of the maximum atmospheric 
demand and the irrigation period. The variation of 
volumetric soil moisture () values started at the 
beginning of December 2017 month. Thus, the  
values of T1 treatment were always between  and  
range. While for irrigation levels of T2 and T3, the  
values   were within the same soil moisture range 
as T1, but the magnitude of the values were lower 
and different compared to T1. For T4, the values 
of were continually diminished reaching the value 
of WP during the period of maximum atmospheric 
demand. Finally, the quantity of irrigation water 
applied for T1, T2, T3 and T4 between third and 
fourth cut were of 124, 100, 75 and 1.8 mm, 
respectively. While 127, 102, 77 and 3.9 mm of 
irrigation water were applied between fourth and 
fifth cut for T1, T2, T3 and T4, respectively. In 
both cases, the among of irrigation water values 
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for T1, T2 and T3 effective rainfall was include.

Forage yield () and irrigation water use 
efficiency ()

The total values of  and  during the maximum 
atmospheric demand for the 2017/2018 season 
are shown in Table 1. During the first evaluated 
growing year, T1 was statistically similar to T2 
and T3 reaching values of forage yield above 4000 
kg ha-1. It should be noted that from the fifth cut, 
the levels of irrigation applied began to have a 
statistically significant effect. For the fourth cut 
(after 3 levels of irrigation applied), the main 
factor of dry matter production depended mainly 
on the type of perennial grasses. Thus, in the 
fourth cut, the genotypes of Bromus valdivianus 
Phil as 3771, 3287 and Bronco INIA presented 
the highest  reaching values of 1815, 1643 and 
1634 kg DM ha-1, respectively (data no shown). 

Furthermore, the highest values of total  were 
mainly reached by Bromus valdivianus Phil and 
Dactylis glomerata L. perennial grasses species for 
all levels of irrigation treatments evaluated (Table 
1). It is possible to apply irrigation water between 
20 and 40% lower than T1 reaching a decrease in 
the total  equal to 0.45 and 0.61 t ha-1, respectively. 
The highest  values for the fourth and fifth cuts 
was obtained for T3 (60% of T1) in all evaluated 
genotypes reaching between 1.94 and 2.95 kg DM 
m-3, respectively. The genotypes that produced the 
highest values of dry matter per m3 of irrigation 
water applied in the fourth and fifth cuts were the 
Bromus valdivianus Phil, Dactylis glomerata L. 
and Festuca arundinaceae Schreber. However, the 
genotypes most adapted to decreases in the amount 
of irrigation water were of the Bromus valdivianus 
Phil type, reaching average values of  up to 3.0 
kg DM m-3 for all levels of irrigation treatments 
evaluated in the fifth cut (data no shown).

Figure 1: Daytime variation of volumetric soil moisture and rainfall measured during the maximum 
atmospheric demand for the season 2017/2018. T1: full irrigation, T2: 80% of T1, T3: 60% of T1 and 
T4: rainfed. The  is the readily available soil water ().  is soil moisture at field capacity, and  is soil 
moisture at permanent wilting point.
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Table 1. Total values of forage yield () and average irrigation water use efficiency () for the different 
irrigation water levels () and perennial grasses () evaluated during the maximum atmospheric demand 
for the 2017/2018 season.

Treatments
 

(Kg DM ha-1)

 

(kg DM m-3)
Irrigation water Levels ()
T1 (full irrigation) 4338.1 a 1.72 b
T2 (80% of T1) 3868.4 ab 1.91 b
T3 (60% of T1) 3732.3 ab 2.43 a
T4 (rainfed) 3296.5 b -
Significance ANOVA * **
Genotypes ()
Bronco INIA (Bromus valdivianus Phil) 4453.9 a 2.41 a
3771 (Bromus valdivianus Phil) 4406.3 a 2.27 ab
Greenly (Dactylis glomerata L.) 4060.2 a 2.21 ab
3287 (Bromus valdivianus Phil) 3957.3 a 2.12 ab
Bromino INIA (Bromus valdivianus Phil) 3673.7 ab 1.91 ab
Kora (Festuca arundinaceae Schreber) 3203.1 ab 1.68 ab
Nui (Lolium perenne L.) 2907.0 b 1.54 b
Significance ANOVA *** **
 x 
Significance ANOVA n.s. n.s.

Means in a column with the same letter are not significantly different according to test Tukey HSD (p £ 
0.05). ANOVA (*p £ 0.05; **p £ 0.01; ***p £ 0.001; n.s.: not significance when p > 0.05).
Discussion 
Due to the water-limitation conditions (rainfall 
or Irrigation water) present in several parts of 
the world, it is necessary to found irrigation 
strategies and perennial grasses genotypes better 
adapted to the water scarcity scenarios. Thus, 
the deficit irrigation (DI) technique could be an 
alternative to improve the water use efficiency, 
water productivity and the marginal irrigation 
responses in several perennial grasses species 
(Rawnsley et al., 2009; Ates et al., 2013). Also, DI 
strategy can maintain the pasture in a responsive 
state and makes more efficient use when rainfall 
events occur during the period of maximum 
water demand (Rawnsley et al., 2009). However, 
the  responses of the perennial grasses subjected 
to different DI strategies could vary according 
to the species, cultivar, and meteorological local 
conditions (Neal et al., 2009). Currently, the 
pastures must produce more dry matter forage 
yield with the same or minor quantity of irrigation 
water applied or water used (evapotranspiration). 
It is necessary that the pasture breeding programs 

develop perennials grasses or forage cultivars with 
more plasticity, resilient or adaptive strategies 
under different ambients, biotic and abiotic stress 
conditions (Volaire et al., 2014). In this context, 
the evaluation of native perennial grasses presents 
in southern of Chile (Bromus valdivianus Phil) 
and other exiting materials around the world under 
deficit irrigation or water stress conditions could 
be a novel alternative for maintaining a stable and 
sustainable dry matter productivity in zones with 
low water available for irrigation or change in 
the rainfall patterns with decreasing natural water 
precipitation.
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Abstract
Soil respiration (Rs) plays an important role in the terrestrial carbon cycle, but how precipitation variation 
affects Rs in alfalfa grassland is poorly understood. To explore the effects of precipitation variation on 
Rs, this experiment was conducted by using rainfall shelters to simulate 30% precipitation reduction 
(P-30), normal precipitation (CK) and 30% precipitation increase (P+30) for an alfalfa (Medicago 
sativa) grassland in the Qingyang city, Gansu province, China. Rs was measured continuously using an 
automated soil respiration system (model LI-8100A with an LI-8150 multiplexer, LI-COR, Nebraska, 
USA) during the overwintering preparation period of alfalfa. The results showed that the Rs under P-30 
and P+30 conditions were significantly higher than under CK treatment by 12.3% and 21.8% (P<0.05), 
respectively. The Q10 (temperature sensitivity of soil respiration) under P-30 condition was significantly 
higher than P+30 treatment by 12.3%. The mean time lag between Rs and soil temperature (Ts) was 
2hrs in three precipitation treatments, with Rs getting to the peak earlier than Ts. The Q10 decreases 
with increasing volumetric water content (VWC), and Rs increases with temperature increasing during 
the overwintering preparation period of alfalfa. Therefore, the effects of precipitation variation on Rs, 
identified in this study, will facilitate the assessment and simulation of ecosystem carbon cycling of 
artificial alfalfa grassland ecosystem on the Loess Plateau.

Introduction
Climate change altered precipitation regimes, 
which profoundly impacted the terrestrial 
ecosystem carbon balance (O’Gorman, 2015). Soil 
respiration (Rs) plays a vital role in the terrestrial 
ecosystem carbon cycle and is extremely sensitive 
to altered precipitation regimes (Luo et al., 
2006). There are many factors affect Rs rate, but 
altered precipitation may directly and indirectly 
affect Rs and subsequently terrestrial ecosystem 
carbon cycle (Jia et al., 2013). The Loess Plateau 
is facing more severe water stress in the context 
of global climate change (Sun et al., 2010), with 
the adjustment of national policies, artificial 
grasslands have been established in this area, and 
growing forages such as alfalfa keep expanding. 

The time interval between the last cutting 
time of alfalfa and the frost period is called the 
overwintering preparation period (Ren et al., 
2008). The preparation period for overwintering 

of alfalfa on the Loess Plateau is more than 30 
days before it can survive the winter safely, 
which is an important part of the whole growing 
period (Ren et al., 2008). However, the response 
of soil respiration of alfalfa grassland during the 
preparation period for overwintering is not clear. 
Therefore, this study explores the relationship 
between Rs and Ts under different precipitation 
variation conditions on alfalfa grassland in a 
shelter simulating precipitation variation, to 
provide a theoretical basis for accurate estimation 
of soil respiration and the carbon cycle in alfalfa 
grasslands of the Loess plateau.

Materials and Methods
The experiment was conducted at Qingyang, the 
Loess Plateau Experimental Research Station of 
Lanzhou University (35.67°N, 107.85°E, 1297 m 
a.s.l.). The alfalfa was established in late September, 
2018, to varying precipitation of 30% precipitation 

mailto:yy.shen@lzu.edu.cn
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reduction (P-30), normal precipitation (CK) and 
30% precipitation increase (P+30). The variation 
of the precipitation on the experimental plots was 
achieved using rain fall shelter, which trap 30 % 
of the precipitation (P-30), and the trapped rainfall 
is channeled to P+30. Continuous measurements 
of Rs were made in situ using an automated soil 
respiration system (model LI-8100A fitted with an 
LI-8150 multiplexer, LI-COR, Nebraska, USA). 
Hourly Rs was continuously measured from 
September 20th to November 8th, 2019, which 
was the preparation period for the over-wintering 

of alfalfa. Hourly Ts and VWC at 10 cm depth 
were measured outside of each chamber using the 
8150-203 soil temperature sensor and ECH2O soil 
moisture sensor (LI-COR, Nebraska, USA). We 
performed a non-linear regression analysis of Rs 
against Ts:

Rs=aebTs        (1)

Q10=e10b        (2)

where a and b are the fitting parameters, and Q10 is 
the temperature sensitivity of Rs (Li et al., 2008).

Results and discussion

Figure 1: Daily averages of soil respiration (Rs), volumetric water content (VWC) and soil temperature 
(Ts) during the preparation period for overwintering 

Variations in Rs and Q10 under different precipitation conditions

Rs under P-30 and P+30 treatment were 1.43 and 1.51 umol m-2 s-1, respectively, which is significantly 
higher than CK treatment by 12.3% and 21.8% (P<0.05, Table 1). This is mainly due to high soil 
temperature (Fig. 1a) and soil moisture (Fig. 1f) caused by P-30 and P+30 respectively (Table 1). The 
sensitivity of Rs to Ts (Q10) in CK, P-30 and P+30 were 1.58, 1.87 and 1.44, respectively, likely explained 
that the variability of microbial activity causes Q10 to be positively correlated with Ts and negatively 
correlated with VWC (Liu et al., 2009).
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Table 1: The average value of soil respiration (Rs), soil temperature (Ts), volumetric water content (VWC), Q10 
(temperature sensitivity of soil respiration) and lag times during the preparation period for overwintering

Treatments Rs Ts VWC Q10 Lag time
P-30 1.43±0.22a 9.90±1.71a 21.89±0.31c 1.87±0.09a 2h
CK 1.24±0.22b 8.19±2.37b 25.80±0.45b 1.58±0.12ab 2h

P+30 1.51±0.17a 8.16±1.72b 28.19±0.16a 1.44±0.21b 2h
All regressions were significant at the 0.05 level, Values are means ± SD of each index of alfalfa during the overwintering preparation 
period.

Hysteresis between Rs and Ts

Our results showed a significant phase hysteresis 
from Rs to Ts under precipitation variation at 10 
cm depth (Fig. 1g-i). The mean time lag between 
Rs and Ts was 2 hrs for three treatments (Table 
1), with Rs peaking earlier than Ts. The difference 
between Rs and Ts measurement interface should 
be one of the causes for hysteresis (Zhang et al., 
2015). Previous studies have reported that diurnal 
hysteresis between soil CO2 and soil temperature 
is mostly due to the balance (or imbalance in wet 
soils) between production and diffusion (Riveros-
Iregui et al., 2007).

Conclusions
This study found that the Q10 decreases with 
increasing soil water content, and Rs increases with 
increase in temperature during the overwintering 
preparation period of alfalfa. The mean time 
lag between Rs and Ts was 2 hrs. The effects of 
precipitation variation on Rs, will facilitate the 
assessment and simulation of ecosystem carbon 
cycling of alfalfa grassland on the rainfed region.
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Abstract
Land degradation caused by the loss of SOC in continuously cultivated agricultural systems is a major 
problem in many sub-Saharan Africa countries.  The integration on perennial forage grasses in cropping 
systems has the potential to enhance SOC sequestration. The main objective of this study is to compare 
soil organic carbon (SOC) under perennial forages with SOC under annual food crops, specifically 
maize (Zea mays). A survey was conducted in Njombe district in the Southern Highlands of Tanzania 
to identity farmers with planted forages that are more than five years old and with neighbouring maize 
plots. Survey results identified Rhodes grass (Chloris gayana) as the currently dominating forage in the 
district. Soils from 55 sets of paired sites, Rhodes versus adjacent maize plot, were sampled at depths of 
0-20 and 20-50 cm. Total SOC and soil texture were determined for the two depths, while the aggregate 
fractions and their SOC content were determined only for the 0-20 cm.  Average SOC content in Rhodes 
was higher than maize at both depths, but the differences in the paired plots was not significant. Across 
all sites, the SOC stocks in the 0-20 cm averaged 47.10 ±10.04 for Rhodes and 47.66±9.83 Mg C ha-1 
for adjacent maize plots. The average SOC content in the large macroaggregate fractions was higher in 
the Rhodes plots, which indicates an increase in the physical carbon protection in soils under perennial 
forages. The results in this study suggest that there is a slight improvement in soil quality in soils under 
Rhodes grass, but further analysis on other soil organic matter indicators, e.g. particulate organic matter 
(POM) would be needed to understand the differences in the two land uses.  

Introduction
Soil organic carbon (SOC) losses due poor 
management practices can cause a decline in 
soil quality and lead to carbon emissions into 
the atmosphere. Management strategies for 
sequestering SOC in agroecosystems have been 
widely documented (e.g., Lal 2010; Paustian et al., 
2016). Although practices such as reduced tillage, 
manure and residue application can enhance 
SOC sequestration, recent studies show that in 
humid tropical cropping systems, these practices 
only reduce the rate of SOC loss (Sommer et 
al., 2018)causing climate change. Soil organic 
carbon (SOC.  Converting degraded croplands to 
perennial grasses or introducing perennial grass 
into annual cropping systems can be a viable 
strategy for enhancing SOC sequestration. A recent 
global review indicates that improved grassland 
management can results in SOC sequestration 
of between 0.105 to more than  1 Mg C ha-1 yr-1 

(Conant et al., 2017)species composition, and 
mineral nutrient availability can lead to losses or 

gains of soil carbon. Because of the large annual 
carbon fluxes into and out of grassland systems, 
there has been growing interest in how changes in 
management might shift the net balance of these 
flows, stemming losses from degrading grasslands 
or managing systems to increase soil carbon stocks 
(i.e., carbon sequestration. 

Forage grasses such as Napier grass (Pennisetum 
purpureum), Rhodes grass (Chloris gayana) and 
Brachiaria grasses are widely grown in dairy 
production systems in East Africa. Under proper 
management such grasses could play an important 
role in enhancing SOC accumulation in soils, 
through increased aboveground and belowground 
biomass inputs. Over the recent years, significant 
efforts have been made in assessing the impacts of 
these grasses on different soil properties, however 
studies from SSA are scarce (Korir et al., 2019). 
The objective of this study was to investigate the 
differences in SOC levels/accumulation between 
maize and the Rhodes grass, a common perennial 
forage in the southern highlands of Tanzania.
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Materials and methods 
On-farm plot selection

The study area is located in Njombe district in 
the Southern Highlands of Tanzania, which lies 
at latitude 35.1269° E and longitude 9.2423°S 
Based on a survey and discussions with farmers 
we identified Rhodes grass as the most commonly 
cultivated grass among dairy farms in the district. 
A key condition for selecting the farms to include 
in our analysis was that selected Rhodes plots had 
to be under that land use for more three years and 
there had to be a neighbouring plot under maize 
(rotated or continuous) to allow for paired-plot 
approach of soil sampling. The Rhodes grass 
is grown in the cut and carry systems, which is 
typical for smallholder farming systems in sub-
Saharan Africa. In the end, we identified a total 
of 55 paired sites in the different villages in the 
region. In addition, during the soil sampling 
exercise a survey was administered to farmers to 
gather information on the forage and crop plots, 
including the duration of time the crop had been 
on that specific land use, previous land use history 
and the types of management practices on the two 
farms. 

Soil collection and analysis

10m by 10m sampling plots were marked and 
soil samples from 0-20 cm and 20-50 cm were 
collected using a soil auger  on the Rhodes and 
maize plots in each farm. At each sampling plot, 
four subsamples were collected and mixed to create 
one composite sample of approximately 600g. of 
air dry soil. In addition, buk density (BD) samples 
were collected at one point within each of the plots 
with a cylindrical metal sampler with a volume of 
100 ml. The BD samples consisted of soil collected 
with an auger between 0-20 cm from the top soil. 
The soils were then dried at room temperature 
and homogenized. A portion of the 600 g sample 
was taken to analyse for SOC, nitrogen, pH and 
soil texture at the IITA (International Institute for 
Tropical Agriculture) laboratory in Dar es Salaam. 
Total SOC was determined using Walkley–Black 
method (Anderson and Ingram 1993) , nitrogen 
was analysed using Kjeldahl method (Bremner and 
Mulvaney 1982), while the texture was analysed 
using the hydrometer method. 

In addition, sub-samples of 400 g for the 0-20 cm 
depth were set aside and air-dried for aggregate 
stability analysis. The samples were passed through 
an eight mm sieve and oven dried at 60 °C for 24 

hours after which 32 g of sample was weighed into 
beakers. The samples were submerged in water 
in a Eijkelkamp wet sieving apparatus for five 
minutes to allow for slaking and sieved through 
a 2 mm sieve for 3 minutes to obtain large macro 
aggregates (LM; >2000 μm). The sample was 
again sieved through a 250 µm sieve for 3 minutes 
to obtain small macro aggregates (SM; 250-2000 
μm). Soil not captured by 250 µm was sieved 
through 53 µm to obtain micro aggregates (Mi; 53-
250 μm). The filtrate containing silt and clay (SC) 
fraction obtained after sieving with 53 µm sieve 
was collected. All the aggregate fractions obtained 
were oven dried at 60 ° C for 48 hours and weights 
recorded. Mean weight diameter (MWD)was 
calculated using equation (1) by (Cambardella and 
Elliott 1993).

    (Equation 1)

Where: = diameter of the sieve size and = 
proportion of total aggregates in the fraction

SOC stocks for the top soil (0 to 20 cm) was 
calculated from the SOC content using Eq. 3

    (Eq.1)

Statistical analyses were conducted using the R 
programming software. A paired t-test was used 
to test for significant differences in the analysed 
variables between the Rhodes and maize plots. In 
addition, we a linear regression analyses to assess 
the effect of soil texture and land use history on the 
differences in SOC between the paired plots.

Results 
Soil texture, pH and bulk density

The soils at most of the selected plots were either 
pure clay or clay and sand mixtures, the average 
values of the pH and texture not differing much 
across the plots (Table 1). Across all sites and 
depths, the sand content ranged between 32 to 60%, 
clay ranged from 30 to 60% while the silt content 
ranged between 1 to 19%.  The soil pH ranged 
between 3.94 and 6.58. The paired t-tests show no 
significant differences in the soil texture and pH 
between Rhodes and maize. This is expected as the 
plots were close to other and minimal variability in 
texture and pH is expected in soils. Bulk density 
for the maize plots ranged between 0.9 and 1.28 g 
cm-3 with a mean of 1.11±0.09 g cm-3, while that in 
the Rhodes plots ranged between 0.85 and 1.22 g 
cm-3 with a mean of 1.08±0.09 g cm-3. There were 
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significant differences in the bulk density between 
the paired plots (p=0.0011).

SOC, SON concentrations and SOC stocks

SOC and SON concentrations in both land use 
systems for the top soils was higher than that in the 
subsoils, with the average values for Rhodes being 
higher than those of maize. The average SOC 
concentration was 22.4±4.8 g C kg-1 and 21.3±4.52 
g C kg-1 in the Rhodes and maize plots respectively, 
while that for the subsoil was 15.7±3.5 g C kg-1and 
15.1±3.4 g C kg-1 (Table 1). Across the selected 
sites, the OC concentrations varied widely with 
values ranging between 14.8 and 39.5 g C kg-1 in 
the Rhodes plots and from 13.0 to 35.9 g C kg-

1  in the adjacent maize plots. Statistical analysis 
showed no significant differences in the SOC 

and SON in the paired Rhodes and maize plots 
at both the top and subsoils.  In addition, there 
were no significant differences in the observed 
SOC stocks in the top soil between the Rhodes 
and maize plots, with the average stocks in the 
two land use systems being 47.10 ±10.04 and 
47.66±9.83 Mg C ha-1, respectively. The mean ON 
concentrations for Rhodes and maize plots in the 
top soil was 1.66±0.40 g N kg-1 and 1.61±0.26 g 
N kg-1, respectively, while that in the subsoil was 
1.10±0.26 g N kg-1and 1.09±0.31 g N kg-1 (Table 
1). The measured values across the sites for the 
top soil ranged between 1.0 and 2.9 g N kg-1 in 
the Rhodes plots and 0.8 and 3.4 g N kg-1 in the 
adjacent maize plots.

Table 1: Mean (±standard error) soil particle sizes 
(sand, silt and clay), pH, bulk density,  SOC and 
SON concentrations and  SOC stocks for cropland 
and Rhodes plots by soil depth.

Depth 
(cm)

L a n d 
use

Sand 

(%)

Silt 

(%)

Clay 

(%)

pH B u l k 
d e n -
sity

( g 
cm-3)

SOC 

(g C kg-1)

SON 

(g N kg-

1)

SOC

(Mg C ha-1)

0-20 C r o p -
land

4 9 . 2 4 
(4.73)

7 . 9 3 
(3.56)

4 2 . 8 4 
(3.56)

4 . 8 2 
(0.38)

1 . 1 1 
(0.09)

2 1 . 2 6 
(4.52)

1 . 6 1 
(0.44)

4 7 . 1 0 
(10.04)

Rhodes 4 9 . 5 0 
(4.88)

8 . 4 5 
(4.87)

4 2 . 0 5 
(3.18)

4 . 8 3 
(0.30)

1 . 0 8 
(0.09)

2 2 . 4 3 
(4.80)

1 . 6 6 
(0.40)

4 7 . 6 6 
(9.83)

20-50 C r o p -
land

4 7 
(5.2)

7.93 (3) 45 (5) 4 . 6 6 
(0.30)

- 1 5 . 0 9 
(3.38)

1 . 0 9 
(0.31)

-

Rhodes 4 8 
(5.1)

8.45 (3) 46 (5) 4 . 7 7 
(0.31)

- 1 5 . 6 5 
(3.45)

1 . 1 0 
(0.26)

-

Aggregate fractions and aggregate fraction SOC 
content

At 0–20 cm soil depth, the proportion of LM (> 2 
mm) was slightly lower under Rhodes compared 
to maize, with the mean percentages being 3.04 
g 100 g-1 in Rhodes vs. 3.34 g 100 g-1 in maize 
(Table 1). Differences in the amounts of SM were 
also small, with 61.59 g 100 g-1 vs. 60. 65 g 100 g-1, 
while the amounts of Mi were slightly lower under 
Rhodes with 27.05 g 100 g-1 vs. 25.75 g 100 g-1. The 
SC was slightly higher under Rhodes with 8.44 g 
100 g-1 vs. 7.98 g 100 g-1. Further analyses showed 
no significant difference between the Rhodes and 
cropland plots for LM, SM and Mi aggregate 

fractions, while the difference was significant for 
SC (p = 0.0002). The insignificant differences in 
aggregate size distribution were also reflected in 
the mean weight diameter (MWD), with means of 
0.897±0.074 mm in Rhodes vs. 0.904±0.078 in the 
maize plots.  The mean SOC content across the 
different aggregate fractions in the Rhodes plots 
were slightly higher than in the maize plots (Table 
2). There significant differences in the carbon in 
the LM (p<0.001) and SC (p<0.03) aggregate 
fractions. 

Table 2: Average aggregate fractions and aggregate 
fraction carbon content for Rhodes and maize for 
the 0-20 cm depth.
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 Aggregate size 

(g 100 g-1 fraction)

Carbon content 

(g C kg-1 fraction)
Rhodes Cropland Rhodes Cropland

Large Macroaggregates (LM) 3.04±1.60 3.34±1.53 34.6±10.6 28.71±6.45
Small Macroaggragates (SM) 61.6±3.35 60.6±5.80 15.8±4.31 15.38±3.81
Micro aggregates (Mi) 25.8±2.91 27.0±4.93 28.0±7.30 26.99±5.61
Silt and clay (SC) 8.44±1.26 7.68±1.24 43.9±8.37 42.14±8.10

Influence of land use and soil texture on SOC

Linear regression analyses indicate a significant 
relationship between the land use history in 
the Rhodes and maize plots and the differences 
in SOC between the paired plots (p == XX). In 
addition, there was a significant relationship 
between the differences in SOC and the time the 
Rhodes plot under been under the land use, and 
the clay content in the plots. However, none of the 
considered models could explain the variation in 
the differences in SOC with the adjusted R2 values 
being low.

Discussion and conclusion
Forage grasses could potentially play an important 
role to mitigate climate change through enhanced 
SOC sequestration. Our results from on-farm 
pairwise evaluations how that, although soils 
under Rhodes have a higher SOC (0-20 cm depth) 
compared to soils under maize, the difference is 
relatively small (~1%). The survey on the land 
management practices in the paired plots revealed 
that in most of the plots manure was added in both 
plots, while fertilizer was applied only in the maize 
plots. In addition, there was rotation of maize with 
other crops, i.e. beans and potatoes. The constant 
annual carbon inputs from manure, increased 
maize productivity from fertilizer application, and 
rotation are likely to be the main reason for the 
lack of significant differences in SOC between 
the paired plots. In addition, most of the selected 
Rhodes plots had been under the land use for 3 
years, because there were very few plots with a 
higher number of years under this land use. Thus, 
more time would be needed to have differences 
in SOC. Despite the Rhodes plots having zero 
tillage, our results show a smaller percentage of 

large macro aggregates in these plots compared 
to paired maize plots.  Nevertheless, the results 
show a higher OC in the LM in Rhodes compare 
do maize. This indicates that there is physical 
protection of carbon in the perennial forages 
compared to continuously tilled cropland systems.  
A recent study suggests that particulate and 
mineral-associated components of soil organic 
matter provide much more meaningful information 
when quantifying changes in SOC associated 
land-use and other global changes (Lavallee et 
al., 2020)management practitioners, and policy 
makers. However, SOM is incredibly complex and 
requires separation into multiple components with 
contrasting behavior in order to study and predict 
its dynamics. Numerous diverse SOM separation 
schemes are currently used, making cross-study 
comparisons difficult and hindering broad-scale 
generalizations. Here, we recommend separating 
SOM into particulate (POM. Therefore, further 
laboratory analyses with these components are 
likely to be useful in understanding the differences 
in SOC in the paired-plots considered in this study. 
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Abstract
Integrated Soil Fertility Management (ISFM) has been recommended to address challenges of low soil 
fertility by incorporating locally available organic resources (ORs) together with inorganic nitrogen 
(N) fertilizers. Despite ISFM success in field trials, there is limited information on ORs contribution 
to atmospheric greenhouse gas concentrations through N2O emission. A short-term field study was 
conducted at two sites with different soil types; silt loam (Aludeka) and silty-clay soil (Sidada) to 
assess the influence of selected ORs on soil N2O emissions. The ORs treatments included; Calliandra 
carothyrsus (CL), farmyard manure (FYM) and maize stover (MS) with (+N) and without (-N) inorganic 
N fertilizer. The study also evaluated the relationship between N2O emissions and soil organic carbon, 
mineral N, total nitrogen, soil temperature, moisture content, soil nitrate (NO3

-) and ammonium (NH4
+). 

Relative to the control (0.19±0.1 Kg N2O-N ha-1), cumulative N2O emissions were significantly (P= 
0.01) higher by 6, 9 and 13 fold under MS +N (1.05±0.8 Kg N2O-N ha-1), FYM +N (1.74±0.8 Kg N2O-N 
ha-1) and CL +N (2.54±1.2 Kg N2O-N ha-1), respectively at the Aludeka site. At Sidada, cumulative 
N2O emissions were similar across all the treatments (P = 0.149). Approximately 240% and 411% 
of increase in cumulative N2O emissions across treatments at Sidada and Aludeka, respectively, was 
related to inorganic N fertilizer application. At Aludeka, cumulative N2O emissions exhibited significant 
positive relationship with soil NO3

-(r = 0.894, P = 0.03) and NH4
+ (r = 0.817, P = 0.013), and negatively 

correlated with soil C: N ratio (r = -0.710, P = 0.049). While at Sidada soil properties did not exhibit 
significant relationship with cumulative N2O emissions. The study suggests that influence of OR on N2O 
emissions in maize based-cropping system vary depending on the type of soil and increases when OR 
are applied in combination with inorganic N fertilizers.

Introduction
Agriculture is a major source of nitrous oxide 
(N2O) gas in the atmosphere, mainly from soils 
through application of inorganic nitrogen (N) 
fertilizers, livestock manures and crop residues, 
representing 40% of total global agricultural N2O 
emissions (Narayan and Qu, 2016). The rate of 
N2O emissions from managed agricultural soils 
is influenced by weather events such as rainfall, 
fertilizer applications and soil properties (Li et 
al., 2013). The use of integrated soil fertility 
management (ISFM) has particularly been the 
main focus in agronomic research on soil fertility 
improvement in maize based cropping systems in 
Sub Saharan Africa (Vanlauwe et al., 2010). But 
the role of ISFM in climate change mitigation on 

N2O emissions has limited investigations.

Determination of OR with inorganic N fertilizer 
that minimizes N losses due to N2O emissions 
would increase N use efficiency]’ and reduce 
on the costs of fertilizers. Understanding the 
key drivers responsible for N2O emissions from 
different soil and climatic conditions is essential 
for the development of a good soil structure. Our 
study was conducted in an existing long-term 
experiment to assess the influence of three ORs 
with and without inorganic N fertilizer on soil 
N2O emissions. We also examined N2O emissions 
relationship with soil properties of moisture 
content (MC), soil pH, total nitrogen (TN) and soil 
organic carbon (SOC).
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Materials and methods 
Description of the study site

The research was conducted on two farms of the 
International Institute of Tropical Agriculture 
(IITA) in Busia and Siaya counties, in Western 
Kenya. In Busia, the soil was silt loam while in 
Siaya it was silty clay.

Experimental design and field management

This experiment was laid out in a completely 
randomized block design with a split plot 
arrangement. The OR represented the main plot 
(6 x 12 m) whereas the addition of inorganic 
N fertilizer was the sub-plot (6 x 6 m). In one 
sub-plot, the OR was applied with inorganic N 
fertilizer (+N) and in the other without inorganic 
N (–N). Three OR amendments and control were 
used in this study: Zea mays stover, Calliandra 
calothyrsus and farmyard manure giving a total 
of eight treatment combinations replicated three 
times. All ORs were incorporated through shallow 
tillage during planting at a rate of 1.2t C/ha/yr C 
equivalent content basis. 

Gas sampling 

Soil N2O emissions was measured using static 
vented chamber and gas chromatography (GC) 
methods (Rochette and Hutchinson, 2005). We used 
the pooling method as described in (Arias-navarro 
et al., 2017) in gas sampling at an interval of 0, 15, 
30 and 45 minutes from 8.00 am to 1 pm, for a total 
of 20 sampling events at each site. The gas samples 
were analyzed for N2O concentration at Mazingira 
Centre located at ILRI, Nairobi. The GC analytical 
method is described in detail by (Rosenstock et al., 
2016). Daily fluxes were calculated from observed 
linear changes in headspace N2O concentration 
over the chamber closure time for each sampling 
date after accounting for air temperature and 
pressure according to Parkin et al., The cumulative 
N2O fluxes were obtained by calculating the area 
under the flux-time curve and summing the results 
while assuming linear changes in measurements 
between time intervals (Wanyama et al., 2018).

Statistical analyses

Data on mean N2O fluxes and cumulative (CUM) 

N2O fluxes were analyzed using analysis of 
variance in a general treatment structure (in 
Randomized Blocks) independently for each site 
using Genstat Statistical Software Version 15. 
Statistical differences were tested at α ≤ 0.05. 
Means were separated using the Fishers protected 
least significant differences while Pearson’s 
correlation analyses was conducted using SPSS 
(version 23) to determine interactions between 
different soil properties and N2O fluxes. 

Results
Soil N2O fluxes from different Organic 
Resources

OR with N fertilizer application significantly 
increased N2O emissions and produced higher 
peak pulses compared to OR treatments alone at 
both sites (P>0.001). There was a small N2O flux 
before planting and then increased for a period of 
about 15 days at the beginning of the sampling 
season, before gradually decreasing to background 
emissions towards the end of the sampling season 
under all the treatments.

Figure 1: Temporal soil N2O fluxes a) Aludeka 
and b) Sidada from 6th March to 5th May under 
different treatments with and without mineral N 
fertilizer. Error bars represent SD. Dotted vertical 
lines indicate different farm management activities.

Effect of Organic Resources on mean and 
cumulative N2O emissions 

Mean N2O fluxes from treatment with inorganic 
N fertilizer were on average 5 times higher than 
those without inorganic N fertilizer. Significantly 
(P<0.001) higher N2O emissions was observed 
under CL +N (153.2 ± 170.8 µg m-2 h-1) and 
FYM+N (212.3± 425.1 µg m-2 h-1) in Aludeka and 
Sidada respectively, while lower emissions were 
observed  under MS -N (9.4 ± 9.6 µg m-2 h-1) and 
CON –N (6.8 ± 6.3 µg m-2 h-1) in Aludeka and 
Sidada, respectively. A similar trend was observed 
for cumulative N2O emissions during the growing 
season with the treatments exhibiting significant 
(P=0.03) differences in Aludeka but not at Sidada 
(P=0.149) (Table 3). There was a significant 
effect observed on both mean hourly fluxes and 
cumulative N2O emissions because of total N 
inputs at Aludeka (P<0.001).
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Relationships between daily N2O fluxes and soil parameters 

Table 1: Pearson correlation coefficients of linear association between soil properties and daily N2O 
emissions

Aludeka Sidada
Soil properties n Cumulative N2O Cumulative N2O

Soil pH 8 -0.739* 0.023
Total C 8 0.760* 0.605
Total N 8 0.820* 0.579

Soil C: N 8 -0.710* 0.177
NH4

+-N 8 0.738* 0.002
NO3

--N 8 0.905** 0.711*

*, ** denote significance at p≤0.05 and p≤0.05 0.001 respectively. 

For all the sites, soil NO3
--N was positively correlated with the cumulative N2O fluxes (P=0.002) and 

(P=0.048) at Aludeka and Sidada, respectively. On the other hand, soil NH4
+-N, TN and SOC showed 

a positive correlation at Aludeka site. The correlation analysis also indicated that there was a negative 
relationship between soil pH, and C:N ratio with cumulative N2O emissions at Aludeka (Table 4).

Discussion
Effect of organic resources and added inorganic 
N fertilizers on Mean and Cumulative N2O 
fluxes

This study estimate 239% and 411% of the 
cumulative N2O emissions as a result of an 
inorganic N fertilization at Sidada and Aludeka, 
respectively. This we can be attributed to high 
concentration of readily available N in the soils from 
the inorganic N fertilizers. The present findings 
seems to agree with previous studies who reported 
increased annual N2O production from treatment 
combination of OR and inorganic N fertilizers 
(Charles et al., 2017)organic amendments also 
change soil C availability and redox potential, 
which influences the N2O emission factor (EF. 
However, high emissions from treatments with 
inorganic N fertilizer took place for about 15 days 
after fertilization. This was closely linked with the 
first onset of rains which took place for about two 
weeks in our studies areas. This was also observed 
by Maljanen et al., (2003) who noted that N2O 
emissions from treatments involving inorganic N 
fertilizer application was short-lived.

At Aludeka site ORs of FYM and CL with increased 
N2O emissions could be due to increased rate of 
microbial activities in the soil due to lower C: N 
ratio of 11 and 15, respectively of the organics. 
Khalil et al., (2002) observed an increased rate in 
nitrification with a reduction in C:N ratio of ORs. 
However, at Sidada site our findings are contrary to 
this observation where we observed no significant 

differences between the OR treatments with C:N 
ratio below 12. We attribute this to differences in 
soil properties and environmental factors in our 
studied sites. According to (Charles et al., 2017)
organic amendments also change soil C availability 
and redox potential, which influences the N2O 
emission factor (EF ORs with lower C:N ratio of 
25, only a part of the variations is explained by 
the C:N ratio, and attributed emissions to influence 
from management and environmental related 
factors. 

Effect of soil properties on N2O emission

The difference in correlation of soil NO3 with 
cumulative N2O emissions in our studied sites 
could be due to the differences in soil properties in 
terms of SOC and TN between the two sites. The 
significant positive correlation of NO3- at Aludeka 
site despite its low concentration levels could be 
as a result of low SOC concentration in the area, 
which suggests that N2O emissions is C limited 
(Azam et al., 2002; Pelster et al., 2012)the impacts 
of amendment type on NO production may vary. 
In this study, NO emissions were measured for 2 
yr on two soil types with contrasting texture and 
carbon (C. Which also explains why we had a 
significant positive correlation between SOC and 
N2O emissions at Aludeka. The no significant 
differences observed in cumulative N2O emissions 
in our treatments at Sidada most likely resulted 
from high soil mineral N and SOC availability. 
According to (Bateman and Baggs 2005) N2O 
emissions are not closely related to high NO3

--N 
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concentrations in soils but could be as a result of 
SOC which provide substrates of inorganic N and 
labile organic C for denitrification and nitrification 
processes. 

Conclusion

Inorganic N fertilizer additions to silt loam 
soils significantly increased N2O emissions. 
Importantly, NO3

--N level had a greater impact 
on N2O emissions, being most significant where 
SOC was low, implying that the difference in SOC 
in the two sites could have been a major factor in 
regulating N available for N2O emissions. Hence, 

the reduction of N2O emissions under high SOC 
content serves as a good mitigation strategy. 
The OR and inorganic N fertilizer interactions 
is important in addressing the problem of N2O 
emissions from soils. 
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Species richness increased yield stability in intensively managed grasslands subjected to 
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Abstract
Climate change is expected to cause an increase in the frequency and intensity of drought events. 
Over two years we investigated the effects of experimentally imposed drought on intensively managed 
grassland communities (5 m x 6 m plots) of varying richness (1, 2 and 4 species), and comprising 
four species (Lolium perenne L., Cichorium intybus L., Trifolium repens L., Trifolium pratense L.). 
In each year a summer drought period of nine weeks with complete exclusion of precipitation was 
simulated, inducing severe drought stress at Reckenholz (Zürich, Switzerland), and extreme drought 
stress at Wexford (Ireland). Mean yield and plot-to-plot variance of yield were measured across harvests 
during drought and after a subsequent post-drought recovery period. At both sites, there was a positive 
relationship between species richness and yield under both the rainfed control conditions and under 
drought. At both sites, four-species communities had lower plot-to-plot variance of yield compared to 
monoculture or two-species communities under both rainfed (-49% smaller standard deviation) and 
drought conditions (-24%), which demonstrates higher yield stability in four-species communities. At 
the Swiss but not the Irish site, a high degree of species asynchrony could be identified as a mechanism 
underlying increased temporal stability in four-species communities.

Introduction
Climate change is expected to cause an increase in 
the frequency and intensity of drought events, which 
have strong negative effects on the aboveground 
biomass (yield) of grassland ecosystems (IPCC 
2013). In intensively managed grasslands, even 
modest increases in species richness can result in 
strong yield benefits, when species are specifically 
selected for complementary traits (Nyfeler et 
al., 2009; Finn et al., 2013); however, there are 
remarkably few examples relating diversity to yield 
stability, for unperturbed or perturbed conditions. 
This is despite their high economic importance 
and threats to food security that can be expected 
from related climate change effects on grasslands. 
We investigated the use of multi-species mixtures 
in intensively managed grasslands as a practical 
adaptation strategy for increasing yield stability of 
intensively managed grasslands under drought.

Materials and methods 
A field experiment was established at two sites 

(i) Wexford, Ireland and (ii) Zürich, Switzerland. 
Four agricultural grassland species were selected 
based on the factorial combination of nitrogen-
fixing (N2-fixing) and root-depth traits; two non-
fixing species, Lolium perenne L. (shallow-rooted 
grass) and Cichorium intybus L. (deep-rooted 
forb), and two N2-fixing species, Trifolium repens 
L. (shallow-rooted legume) and Trifolium pratense 
L. (deep-rooted legume). Main-plots (5 m x 6 m) 
were sown following a simplex design (Hofer et 
al. 2016), such that there were: monocultures of 
each of the four species, six binary combinations 
(50% of each of two species), an equi-proportional 
mixture (25% of each of the four species), and 
four-species mixtures dominated by each species 
in turn (79% of one species, 7% of the other 
three). At each site, a total of 35 main-plots were 
arranged according to a randomised incomplete 
block design.

A summer drought of nine to ten weeks was 
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simulated at each site over two years (see Hofer et 
al., 2016). Precipitation was completely excluded 
from one randomly selected half (split-plot) of the 
main-plot by using rain-out shelters. Aboveground 
biomass was harvested five times annually at 
Wexford and six times at Zürich. Plots received 
mineral nitrogen (N) fertiliser at a rate of 130 kg 
N ha-1 y-1 (year 1) and 150 kg N ha-1 y-1 (year 2) 
at Wexford, and 200 kg N ha-1 y-1in both years 
at Zürich. At each harvest, dry matter content of 
each split-plot yield was determined by drying a 
subsample of the harvested fresh biomass. 

Analysis of the yield responses to experimental 
drought only included data from the control and 
drought treatment for the three harvests: mid-
drought, end-of-drought and post-drought harvests 
in each year (the post-drought comprised the first 
harvest after the removal of rain-out shelters). 
Mean yield across all harvests, plot-to-plot 
variance of yield (per level of species richness 
and drought treatment), and the stability index S 
(yield mean / standard deviation across harvests) 
were measured across harvests during drought and 
after a subsequent post-drought recovery period. 

To investigate a potential mechanism underlying 
the observed levels of yield stability, an analysis 
of species asynchrony was conducted for the 
mixtures (see Haughey et al., 2018 for details). 
The smaller the value, the more asynchronous the 
temporal pattern of growth across species in the 
community.

Results
At both sites, there was a positive relationship 
between species richness and yield. Under rainfed 
control conditions, mean yields of four-species 
communities were 32% (Wexford, Ireland) 
and 51% (Zürich, Switzerland) higher than the 
average of the four monocultures (P < 0.001 both 
sites). This positive relationship was also evident 
under drought, despite significant average yield 
reductions due to drought (-27% at Wexford; -21% 
at Zürich). At both sites, four-species communities 
had lower plot-to-plot variance of yield compared 
to monoculture or two-species communities under 
both rainfed (-49% smaller standard deviation) and 
drought conditions (-24%), which demonstrates 
higher yield stability in four-species communities. 
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Figure 1:  Effects of species richness and drought on yield mean across harvests and plot-to-plot standard 
deviation under rainfed control and drought conditions at Wexford (A) and Zürich (B). Within each site 
and treatment, different letters indicate a difference at P < 0.05 based on regression analysis, except SD 
under drought at Zürich, which is at P < 0.1 (means: inference in black upper-case letters; SD: inference 
in grey lower case letters). Reproduced from Haughey et al. (2018), and refer therein for details.
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Figure 2: Relationship between species asynchrony and yield stability at Wexford (A) and Zürich (B), 
under rainfed control and drought conditions. The stability index S = μ/σ was computed with μ and σ 
being the mean and the standard deviation across all harvests. Rho: spearman rank correlation.

A significant positive correlation between the 
stability index S and species asynchrony was 
identified at Zürich under both control (rho = 
0.649) and drought conditions (rho = 0.745, 
Fig. 2), but not in Wexford. At Wexford, species 
asynchrony was strongly reduced by drought 
(P < 0.001), resulting in a distinctly reduced 
stability under drought at this site. Overall, while 
the asynchrony-stability correlation was driven 
by drought at Wexford (overall rho = 0.304, P = 
0.051), the asynchrony-stability relationship was 
more affected by species richness at Zürich.

Discussion
Lüscher et al., (2014) listed the potential 
contribution of legumes to the key challenges 
of sustainable intensification as: (i) increasing 
forage yield, (ii) substituting inorganic N-fertilizer 
inputs with symbiotic N2 fixation, (iii) supporting 
mitigation and adaptation to climate change 
and (iv) increasing the nutritive value and 
conversion efficiency of herbage. In addition 
to these arguments, our results show that higher 
plant diversity increased yield stability of forage 
production, even under drought events, and further 
highlight the potential of legume-based mixtures 
to contribute to sustainable intensification (see also 

Hofer et al., 2016). Improved understanding of 
species-specific responses to severe weather events 
could help further improve species and cultivar 
selection for use in multi-species grasslands, and 
so better inform practical agricultural strategies 
to adapt grasslands to a climate with a higher 
frequency of severe events. 

In summary, we found a positive relationship 
between species richness (1, 2 and 4 species) and 
yield, and a negative relationship between species 
richness and yield variation. This demonstrates 
higher yield stability in four-species grassland 
communities under both rainfed control and 
drought treatments. These results indicate the 
high potential of multi-species grasslands as 
an adaptation strategy against drought events 
and that mixtures can help achieve sustainable 
intensification under both unperturbed and 
perturbed environmental conditions.
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Abstract
In Uruguay, rangeland cattle production systems support national economy by beef exportation chain 
and economic inputs to the country. Soil hydric stress episodes results to forage crisis on grassland-
based production systems, having high impact on its trajectory and leaving sequels at several farm 
levels mainly on rearing cattle systems in drought sensitive regions of the country. In that context, the 
proposal is to create a spring forage stash module, with a simple management rules as a mechanism to 
build stability to farms and to buffering drought impact. The concept is to differ spring forage (season 
with low variation coefficient on net primary production) to summer (season with high variation and 
susceptible to drought stress episodes). This forage stash module is actually started to be implemented 
in some monitored farms nevertheless, the use of simulation models can project some concrete result 
generating future possible evolutions for the system. A predator-prey model for extensive livestock 
systems -called PPGL- was set to understand the impact of that spring forage stash module on animal 
securing parameter, expressed as the proportion of adult rearing cows maintaining liveweight at summer 
grazing on a drought scenario. Results suggest that the stashing 10% of the farm surface can save 
approximatively 70% of rearing cows, even for drought episodes on closing time or in the summer 
grazing period. Additionally, a linear direct effect was observed between stashing surface on proportion 
of rearing cows secured. The resulting carrying capacity of the stash forage module is about 800 to 850 
kg liveweight / ha on the grazing period, supporting high grazing pressure. Considering those results, 
the inclusion of a spring forage stash module is a promising tool to generate more resilient livestock 
production systems.

Introduction
Uruguayan meat production chain represents 
a basic pillar for the national economy and are 
strongly related to culture and rural identity (Diaz 
et al., 2006; MGAP 2015). Nowadays extensive 
livestock production systems based on native 
pastures are studied to enhance knowledge about 
its dynamics, drivers, and challenges. Furthermore, 
there are national efforts to differentiate meat 
produced on grasslands. It can lead to added value 
to its final products, where research, industry and 
government efforts to identify meat produced 
at grassland livestock system as natural product 
(MGAP 2012; INAC 2019).

Extensive rearing systems are located on 
vulnerable zones to hydric deficiencies (Cruz 
et al. 2014, Bartaburu et al., 2009). Drought 
episodes are frequent and their effect on grassland 
native pastures affects its productivity (e.g. Net 
aerial primary productivity, NAPP). Variability 

of NAPP, as a proxy of pasture productivity, is 
high. Nevertheless, data base study of NAPP 
estimated by remote sensing (Paruelo et al., 2000; 
LART 2019) shows lower variation coefficient on 
southern spring and higher values on summer. The 
variation coefficient of October is 6% and 24% for 
January. This fact represents an opportunity to stock 
standing grass on relative high pasture growth rates 
season (with relative high confidence) to transfer it 
to summer season (with relative high variability). 
From a technical point of view, the summer is a 
crucial season for rearing systems, where animal’s 
requirements are high by increasing reproductive 
needs (matting season) and energy demands of 
rearing calves (Martinez and Pereira 2011).

In that context, there are local models of grazing 
systems focused on management of grazing 
pressure of native pastures by regulating forage 
allowance, and stocking rate (Soca et al., 2013). 
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In this sense, a model is a powerful tool to 
comprehend the way systems work and modify 
reality in consequence. Generally, the use of 
models (specifically simulation models) generates 
an auspicious space for communication, learning 
and comprehension of structure and functioning of 
production systems, as well as understanding and 
integrating knowledge generated from research 
studies and local practical knowledge, showing 
possible deficiencies of information and guiding 
to future working lines (Thornley and France 
2007; Vayssières et al., 2011). Models can help 
making decisions in relation to natural resources, 
especially in pastures systems in which climate 
conditions must be considered, understood and 
analysed to improve its sustainability attributes as 
productivity, efficiency, resilience and stability of 
production systems (Wedderburn et al., 2013). 

We present in that work simulations scenarios 
using PPGL model (Dieguez and Fort 2017) as a 
tool to answer some questions (Minsky 1995). In 
our case the question is: what if a farmer reserves 
a proportion of the grazing area – a Stash module- 
on spring to buffer pasture deficiency on summer 
drought? The main objective of using PPGL 
model is to help stakeholders to evaluate a simple 
mechanism to improve stability and resilience to 
summer drought episodes on Uruguayan rearing 
systems.

Materials and methods 
The PPGL model was utilised to generate 
simulations of forage deficiency due by climate 
effect (droughts) on rearing farms systems placed 
on the Basaltic region of Uruguay. 

As a general description, PPGL model is 
represented by a differential equation system, 
where two variables involved: the grass height 
(cm/ha) and the individual animal live weight (kg/
animal) (Dieguez and Fort 2017). The stocking 
rate calculated by the number of animals/ha and 
initial liveweight is a third user defined input 
parameter. The pasture growth is modelled using 
a logistic curve and grass intake is described as a 
hyperbolic Holling III type function, making the 
whole system as an ecological “predator-prey” 
dynamical system (Pastor 2011).

Another main input of PPGL model is the 
NAPP, provided by de Laboratorio Regional de 
Teledetección from Buenos Aires University, 
Argentine (LART 2019). That information is an 
historical series, from march 2000 to date, for the 
main ecological regions of Uruguay. The Basaltic 
region has de particularity of rearing systems are 
placed on it. Figure 1 indicates the placement of 
bovine cattle production systems and the Basaltic 
region of the country. The PPGL model scenarios 
were built considering the system structure 
presented on Table 1.

Figure 1. Uruguayan bovine 
systems and basaltic region 
placement
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Table 1: Animals category and number of ani-
mals considered on simulations.

Categories Number of animals
Breeding cows 330

Heifers +2 years 109

Heifers 1 to 2 years 109

Calves 231
Fattening cows 66

Bulls 5
Sheep 1000

days period for whole system) and an “insurance” 
against drought episodes. That a priori approach 
for exclude 10% of the grazing area is negotiable 
with stakeholders, as they expressed in an informal 
way, based on a series of previous workshops held 
with local farmers. Nevertheless, a sensitivity 
analysis for proportion of surface stashed (%SS) 
was performed, varying from 0 to 20% to test 
system performance. 

An IGH of 5 cm/ha is considered assuming a 
controlled animals stocking rate, and average 
climate conditions on the previous seasons of 
the closing moment (October 1st). The IGH at 
the paddock closing moment is crucial to have 
sufficient cumulated forage at the Stash module 
to prevent negative impact of drought episodes 
after closing period (summer drought). For this 
reason, a second round of simulation we consider 
the sensibility to IGH of the Stash module varying 
from 2 to 5 cm/ha.

Results
Simulation outputs for IGH = 5 cm/ha and %SS = 
10% scenarios are presented at Figure 2. 

Results indicates that with a stocking rate of 2.24 
GU/ha (equivalent to 850 kg live weight/ha) about 
two thirds of rearing cow herd can be “secured” 
(%SC = 68%), with summer climate coefficient 
of 0.25. Furthermore, that number of animals 
represents 38% of whole herd (Table 1). 

Is worthy to note that final Stash module grass 
height is 2.9 cm/ha (Figure 2). This grass offer 
situation is critical after 90 days grazing on 
the Stash module, considering also that period 
corresponds with a summer forage deficit situation 
on simulations.

Considering sensibility to %SS, a range from 5% to 
20% (step 5%) was tested. Result suggest a direct 
lineal behaviour, described by the function: %SC 
= 6.78 * %SS (R2 = 1), maintaining a stocking 
rate of 2.24 GU/ha in the same forage deficiency 
scenario (climate coefficient = 0.25).

Sensitivity analysis to IGH results is presented at 
Figure 3. The %SC presented a quadratic behaviour 
when IGH increases. But also, in the range of IGH 
tested (2 to 5 cm/ha) also a significative (p<0.01) 
direct linear response is also observed for %SC 
response.

Considering on simulations a total grazing surface 
of 1000 ha, the resulting total system stocking rate 
(considering national conversion values; Martinez 
and Pereira 2011) is 0.7 Gross Units per hectare 
(GU/ha). That stocking rate is equivalent to 266 kg 
of live weight/ha.

Simulations where run considering an average 
grass growth rate for whole year (according to 
LART data series; LART 2019), except for summer 
season (December, January and February) where 
a drought episode is forced. PPGL model uses a 
climate coefficient input that allows to modulate 
the carrying capacity (K parameter) of the logistic 
grass growth (Dieguez and Fort 2017). To generate 
the drought episode a climate coefficient of 0.25 
(25% of average grass monthly growth rate) was 
used. The stash module is closed to animals on 
October and November, and initial grass height 
(IGH) for simulations considered is 5 cm/ha 
(equivalent to 1500 kg DM/ha). 

The simulations consider a Stash module, that is 
an area of the total grazing surface excluded from 
foraging during a determined period of time. In 
this case the Stash module is closing for grazing on 
spring, during 60 days (October and November). 

As definition we refer as a Secured cow considering 
a rearing adult female that maintains it live weight 
through the summer drought period (e.g., a cow 
of 380 kg of weight entering to Stash module and 
leaving it with the same live weight). The secured 
cow percentage (%SC) represents the ratio of 
number of Secured cows of total rearing cow herd.

A first approach was excluding 10% of the grazing 
area to reserve pasture on October and November. 
The value of 10% emerges form a trade-off to 
closing area (reducing the forage availability for 60 
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Discussion 
Result of simulations suggest that with a Stash 
module comprising 10% of total grazing surface 
(excluded for grazing on October and November) 
it can differ enough forage to meet DM intake of 
approximately 70% of rearing herd (representing 
also 40% of total herd requirements). That scenario 
can be achieved only with a 5 cm/ha (1500 kg 
DM/ha) at the start of excluding grazing period 
(October 1st). Considering the size of the Stash 
module, an increment of 6% on %SC is expected 
for each 1% increase of paddock area. Moreover, 
linear behaviour suggests that with a %SS = 15% 
total rearing cow herd can be secured against 
summer drought.

Sensitivity of IGH scenarios suggest that it 
exist a reduction on %SC when IGH decreases. 
Considering the linear response observed, a 
reduction of 13% of %SC is expected for each cm 
of IGH reduction (for situations between 5 to 2 cm/
ha). In practice, to achieve the IGH needed to start 
the animal exclusion period, a previous adjusted 
stocking rate management is required to avoid 
overgrazing and to achieve the IGH = 5 cm/ha goal 
on potential Stash module paddock. It is worthy 
to mention that the hight stocking rate supported 
by the Stash module to “secure” about 70% of the 
rearing herd animals is maintained during 90 days 
maximum grazing period in summer (December, 
January and February). Due to the low residual 
grass height after summer grazing (< 3 cm/ha) Stash 
module cannot longer support adequate grass offer 
to sustain cattle liveweight. A recuperation period 
(at Fall) is needed for Stash module paddock after 
intensive summer grazing on it.

Others system parameter related to the Stash 
module can be explored to forecast impact of 
grazing management, like the exclusion length 
(other than 60 days on spring season) and closing 
date, and its interactions. 

Nowadays, the Stash module concept is 
implemented at farm levels with the survey of 
the Instituto Plan Agropecuario, the National 
Livestock Extension Institute. It represents an 
on the field real situation to test model herein 
presented. Nevertheless, instead the precision of 
model results, our aim is to develop conceptual 
models (and a parsimonious implementation like 
PPGL model) that answer specific questions and to 
share knowledge with stakeholders. The inclusion 
of a Stash module can be a strategic and structural 
change with low cost and high impact measure 
to buffer frequent summer forage deficiency on 
rearing systems.
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ganaderas de Uruguay. Agrociencia 18: 126-132.



858

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings
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Abstract
Global animal production requires about 2422 Gm3 of water per year. Most of this volume is used by 
cattle, with 30% used in the beef sector and another 19% in the dairy sector. At the same time, four billion 
people suffer from severe water scarcity, raising the flag on diverting an important part of the water 
globally to livestock production. Livestock-water interactions have therefore gained a prominent profile 
and fuelled discussions on the water footprint of livestock. A series of studies on the most important 
components of the livestock water footprint have shown that globally more than 90% of the footprint 
was due to feed production. Despite huge geographical heterogeneity and large differences in terms of 
livestock production system, feed production thus is a major target to implement water use efficiency 
strategies. In the tropics, crop-livestock systems and pastoral systems are the most common livestock 
production systems, and offer several options to diversify the feed basket and increase feed water 
productivity. Inclusion of improved forages, adapted to specific environments, can further minimize the 
demands of water for feed production. Indeed, several advantages can be expected: (i) “water saver” 
forages increase the amount of quality biomass available per drop of water, (ii) synchronization with 
fertilizer and manure application decreases the contamination of water bodies by a more efficient use 
of soil available nitrogen, and (iii) growing forages has positive impact on soil water retention through 
decreased evaporation, improved texture and erosion mitigation, increasing therefore the amount of 
water available to plants. This is particularly the case in dry seasons, when alternatives would be irrigated 
or conserved feed, or concentrates. Policies should focus on facilitating the access of farmers to adapted 
planting materials, and on providing land use guidance to sustainably intensify livestock production in 
dedicated zones.

Global water footprint

Global animal production requires about 2422 Gm3 
of water per year, composed for 87.2% by green 
water (effective rainfall stored in the soil), 6.2% by 
blue water (surface or groundwater resources), and 
6.6% by grey water (required to dilute pollutants). 
One third of this volume is for the beef cattle 
sector; another 19% for the dairy cattle sector 
(Mekonnen and Hoekstr, 2010). This water is used 
for drinking and servicing, for product processing 
and for feed production. At the same time, four 
billion people suffer from severe water scarcity 
(Mekonnen and Hoekstr, 2016), raising the flag 
on diverting an important part of the fresh water 
globally available (which decreases due to climate 
change and pollution) for livestock production. 
The share of global water withdrawals for livestock 
use is projected to increase even more (Steinfeld 
et al., 2006). This has recently heated the debates 

among animal products consumers, as high meat 
or high dairy-based diets have higher water 
footprints (Kim et al., 2019). Therefore livestock-
water interactions have gained a prominent profile, 
and fuelled discussions on the water footprint of 
livestock, and on the sustainability of the sector 
(Herrero et al., 2009; Herrero and Thornton 2013; 
Herrero et al., 2015).

Water productivity
Systems and boundaries

Water requirements of livestock vary mainly 
according to species, growth stage, air temperature, 
and humidity, level of animal exertion, production 
levels, and water content in animal diet (Ward and 
McKague 2019). The type of production system is 
therefore playing an important role in determining 
livestock water productivity (LWP), defined as the 
ratio of livestock outputs to the amount of water 
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used. For example, from a freshwater perspective, 
animal products from grazing systems have a 
smaller blue and grey water footprint than those 
from industrial systems (Mekonnen and Hoekstra 
2012). The level of endowment of farmers and 
where they source their feed also impact the water 
footprint (Bekele et al., 2017). 

Methodologically, the assessment of livestock water 
productivity depends on the system boundaries: 
assessments focusing on on-farm production will 
give very different results compared to life cycle 
analysis, when it comes to feed origins. Indeed, cut 
and carry systems based on local feed production 
have a different water footprint than a similar farm 
using grains produced abroad, depending on the 
water extraction and scarcity index in each place.

How to increase livestock water productivity?

Different options are proposed to increase 
livestock water productivity from both inputs and 
outputs sides. Briefly, livestock outputs could be 
increased through improved feed management, 
veterinary services and introducing system 
compatible breeds, and the efficiency of the water 
inputs could be raised by integrating livestock with 
crop, water, and landscape management policies 
and practices (Descheemaeker et al., 2010). Still 
in many cases, improving feed water productivity 
by minimising evapotranspiration and other losses 
is deemed critical, despite a huge geographical 
heterogeneity and large differences in terms of 
livestock production system (Rockström and 
Barron 2007; Amede et al., 2009a). As highlighted 
by Mekonnen and Hoekstra (2010), 98% of the 
total volume of water used by livestock systems 
refers to the water footprint of the feed for the 
animals. Drinking water for the animals, service 
water and feed mixing water account only for 
1.1%, 0.8% and 0.03%, respectively (Hoekstra 
2012). Disaggregating meat production by animal 
species, beef water use is the less efficient, with 
only 0.065 kg/m3 of water compared to 0.096 kg/
m3 for mutton, 0.17 kg/m3 for pig and goat meat and 
0.23 kg/m3 for chicken (Mekonnen and Hoekstra 
2010). Ruminants are less efficient in converting 
feed to meat, because feed quality is lower than 
for pigs and chicken. However, these values can 
vary greatly depending on the systems and the 
location. High water consumption is especially 
observed in intensive and industrial systems where 
wastes are not recycled and where cattle are fed 

with cereals or legumes from intensive agriculture. 
Extensive livestock systems are usually observed 
on marginal land where soil moisture is not 
enough to grow crops, allowing a productive use 
for an area that would otherwise be lost for food 
production, while not competing for water and soil 
with high productive croplands (van Zanten et al., 
2016). In the tropics, crop-livestock systems and 
pastoral systems are the most common livestock 
production systems, and offer several options to 
diversify the feed basket and increase the feed 
water productivity, for example using crop residues 
(Blummel et al., 2009). The latter is, beside the 
use of marginal lands, another upgrade option for 
a biomass stream that humans do not currently 
consume (van Zanten et al., 2016).  In addition, in 
tropical smallholder systems, cattle provides many 
more services, including transportation, traction, 
and manure production for soil fertility, which 
allows improving water use efficiency (Tarawali et 
al., 2011).

The role of forages and potential gains

Inclusion of improved forages adapted to specific 
environments can further minimize the demands of 
water for feed production. Although this has been 
until now barely mentioned in the literature, and 
largely absent from the most extensive livestock 
environmental impacts assessments, like the 
book “Livestock’s long shadow” (Steinfeld et al., 
2006), several advantages can be expected, and are 
detailed here.

Water savers vs. water spenders

From an agronomic and physiological point of view, 
plants can be categorised as water savers or water 
spenders. Such categorization allows the targeting 
of different forages to environments with different 
precipitation patterns. Water-spending forages 
might be better used in environments with short 
droughts, whereas water-saving forages would be 
better off under longer drought conditions.   Each 
category has potential benefits and drawbacks 
(Table 1; Cardoso and Rao 2019).  One advantage 
of water savers is the increase of quality biomass 
available per drop of water. This is particularly 
important in dry seasons, when alternatives would 
be irrigated materials, conserved materials or 
concentrates.
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Table 1: Water use strategies

Water use strategy Water-spending Water-saving
Benefit Maximize growth when water 

is available
Reserved water in soil for later 
use

Trade-off Faster desiccation of plants Save water at expense of 
growth

Target-environment based on 
precipitation patterns

Intermittent or shot seasonal 
drought (1-4 months)

Long seasonal drought (> 4 
months)

Recommended use Cut and carry systems and for-
age conservation (e.g., hay)

Grazing systems

In dry climates, the water content of forages 
decreases from 90 percent during the growing 
season to about 10 to 15 percent during the dry 
season (Pallas, 1986): there is therefore a trade-
off with water for drinking, as the water content 
of feed determines the amount of water intake 
through drinking.

Synchronization of nutrient applications

Synchronization of nutrient demand with fertilizer 
and manure application decreases the contamination 
of water bodies by a more efficient use of soil 
available nitrogen, and therefore decreases the 
grey water footprint. This synchronization is a 
temporal, locational, and quantity question: it 
implies that the rate of release of a nutrient into a 
plant-available form is closely related to the rate at 
which it is needed by the plant, and that the location 
of released nutrients is close to plant roots (Myers 
et al., 1994). Simple management practices around 
the control of quantity and quality of both mineral 
and organic fertilizers application can support 
synchronization.

Soil water conservation

Growing forages have positive impact on soil 
water retention through decreased evaporation, 
improved soil structure (size and stability of the 
aggregates, pores size and distribution etc.), 
and erosion mitigation, therefore increasing the 
amount of green water available. Different types 
of forages are available for different types of 
systems. The highest benefits at farming system 
level are obtained when forages are integrated 
in rotations or in areas not suitable for crops, 
so as to not replace staple or other high value 
crops. Grasses can be used on contour lines, or in 
improved pastures and silvopastoral systems (e.g. 
Central America and the Caribbean; Alonso 2011). 
Legumes have been used to reclaim degraded 
soils, to enhance soil fertility, and to improve 

water use efficiency in different locations (Bell et 
al., 2012; Douxchamps et al., 2014; Muhr et al., 
1999). In general, the availability of more biomass 
produced with limited amounts of water on the 
farm allows for multiple uses, all increasing water 
use efficiency at farm level: feeding forages to pigs 
allows to redirect part of the household wastes 
for composting, which improves soil texture and 
therefore soil water retention.

Implications
Although forage species adapted to different 
edaphic stresses and different systems have 
been developed, these species are not always 
accessible, available and/or affordable for 
smallholder farmers in tropical zones. Few– 
mostly grasses–are commercialized and 
available, while many options remain in gene 
banks and seed stores due to complicated import 
and release processes, or lack of informal seed 
production systems. Lack of knowledge about 
their benefits and their management, and lack of 
access to planting material are major constraints 
for adoption. Livestock innovation is a social 
process, and it will not be possible to achieve a 
substantial reduction of the global livestock water 
footprint unless close attention is paid to policies, 
institutions and their associated processes (Amede 
et al., 2009a). Unfortunately, this domain so 
far stays a blind spot, as findings from livestock 
water productivity studies are not taken forward 
in national water policies that used to concentrate 
on increasing water-use efficiency in crop 
production and feed conversion efficiency in the 
livestock sector (Hoekstra 2014). It is key aspect 
to improve the dialogue between professionals 
of the water livestock sectors. Policies should 
focus on facilitating the access of farmers to 
adapted planting materials, and on providing land 
use guidance to sustainably intensify livestock 
production in dedicated zones.
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Abstract
Namibia is one of the global dryland regions facing desertification threats due to overgrazing and 
recurrent drought. This has disastrous effects on forage provision and consequently on local livelihoods. 
Unfortunately, the mechanisms underlying sudden shifts of rangeland ecosystems towards a desertified 
state are still poorly understood. The ability to predict desertification tipping points with the aid of 
suitable ecological indicators is critical to ensure sustainable management of rangeland resources, 
which are a backbone of rural livelihood in drylands worldwide. Accordingly, we aimed to identify key 
perennial grass species that can be used as early-warning indicators for desertification tipping points; 
and to assess their dynamics and response to grazing pressure. The study was conducted in the eastern 
region (Otjozondjupa) of Namibia where 4 communal areas and 4 freehold farms (commercial) were 
selected in order to compare perennial grass population responses within differently management land-
use systems. A space-for-time approach was used for this purpose, where plots were laid out along 
local grazing gradients. Data on species occurrence, size structure and recruitment were collected. 
Preliminary findings show that a sudden decrease or disappearance of some sensitive native perennial 
grass species along grazing gradients and lack of seedling recruitment could be a useful hint to an 
approaching desertification tipping point. 

Introduction
Ecosystem shifts from one stable state to another 
can occur in response to various environmental 
drivers (Eslami-Andergoli et al. 2015)faced with 
climate, sea level and anthropogenic changes. 
Early warning indicators of regime shifts that 
may be evident include slowing recovery rates 
from perturbation, increased autocorrelation and 
variance, changing skewness and self-organised 
patchiness. We examine these indicators using 
intertidal examples and discuss the limitations. 
Managers cannot adapt to or mitigate the effects 
of state shifts over tipping points if there is no way 
to detect early warning signals. This detection is 
highly dependent on system-specific modelling 
and requires understanding of alternate stable 
states theory and its application in large, complex 
ecosystems. Such system shifts may have dramatic 
effects on biodiversity and on ecosystem service 
supply. While it is well-known that natural or 

human-induced factors may change an ecosystem 
from a healthy to a degraded state, the mechanisms 
underlying these sudden shifts towards a degraded 
state are still poorly understood. Hence, a better 
understanding of ecological processes in temporal 
vicinity to an ecological tipping point is urgently 
needed (Eslami-Andergoli et al. 2015)faced with 
climate, sea level and anthropogenic changes. 
Early warning indicators of regime shifts that 
may be evident include slowing recovery rates 
from perturbation, increased autocorrelation and 
variance, changing skewness and self-organised 
patchiness. We examine these indicators using 
intertidal examples and discuss the limitations. 
Managers cannot adapt to or mitigate the effects 
of state shifts over tipping points if there is no way 
to detect early warning signals. This detection is 
highly dependent on system-specific modelling 
and requires understanding of alternate stable 
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states theory and its application in large, complex 
ecosystems.. A prominent example of tipping 
point behaviour in terrestrial ecosystems is the 
sudden shift of dryland rangelands from a healthy 
state – where the grass layer is dominated by 
perennial grasses – to a desertified, non-vegetated 
state. Namibia is one of the dryland regions where 
ecosystems primarily support livestock rearing 
(Adeel et al. 2005). According to Mendelsohn and 
Obeid (2002), the communal areas are generally 
over-utilized and show serious problems of 
overgrazing. While these desertified areas are 
often dominated by annual grasses, particularly 
close to waterpoints (Strohbach 2014), commercial 
farms are often in a more healthy state, with 
the grass layer dominated by perennial grasses. 
Here, the crossing of a so-called ‘desertification 
tipping point’ (DTP) is thought to be triggered 
by combined effects of overgrazing and recurrent 
drought, with catastrophic consequences for 
rangeland productivity and local livelihoods. 

The ability to predict DTPs with the aid of 
suitable ecological indicators is critical to ensure 
sustainable management of rangeland resources, 
which are a backbone of rural livelihood in 
drylands worldwide. One of the early-warning 
indicators of desertification that has been proposed 
is the use of spatial vegetation patterns (Lin et 
al. 2010). O’Connor (1994) proposed the use of 
changes in population structure and dynamics in 
perennial grass species, as these may be precursors 
of ecosystem shifts due to their fundamental role 
in ecosystem processes such as preventing soil 
erosion (Sala and Paruelo 1997). Therefore, this 
paper seeks to identify key perennial grass species 
that can be used as indicator species; and to assess 
their dynamics and response to grazing pressure. It 
specifically focuses on the size structure, densities 
and recruitment patterns within a semi-arid 
ecosystem situated in Namibia.

Material and Methods
Study area

The study was conducted in the Greater Waterberg 
Landscape. This semi-arid region has an average 
annual rainfall ranging from about 325 mm to 
350 mm, with rainfall displaying pronounced 
intra-annual and inter-annual variation (Strohbach 
2014).The region regularly experiences prolonged 
drought periods, causing significant losses of 
livestock to local farmers (Shikangalah 2020).The 
study area is characterized by a mixture of different 

land management types, including communal 
areas and commercial farms. 

Species selection

Four perennial grass species were selected during 
a reconnaissance survey in October 2019 as the 
commonly occurring species in the study area. 
These are Stipagrostis uniplumis (Licht. ex Roem. 
&Schult) and Eragrostis rigidior (Pilg.), two 
palatable grasses in dryland regions, and Aristida 
congesta (Roem. & Schult) and Aristida stipitata 
(Hack.) which have generally poor forage value 
(Muller 2007).

Research design

Using a space-for-time substitution, a total of 
eight study sites was selected distributed over four 
communal areas (Ohamuheke-TK, Ombooronde- 
TM, Ovitatu-TV, Ozongarangombe-TZ) and four 
commercial farms (Hamakari-TH, Hassenpflug-
TP, LaPaloma-TL, Ouparakane-TR). At each site, 
two transects (T) were randomly demarcated along 
local grazing gradients leading away from a water 
point. In total, 16 transects were set up. Along each 
transect, nine permanently marked plots (10m x 
10m) were set up, with a higher plot density near 
the water points. Each plot was subdivided into 
four quadratic subplots.

Sampling

Data were collected at the end of the growing 
season (May) 2020 when perennial grass species 
had reached their peak growth stage and prior to 
the subsequent wet season October (2020). As 
the Covid-19 pandemic restricted the duration of 
the growing season field trip, only density and 
recruitment studies could be completed in five out 
of the nine plots per transect whilst population 
health data could be collected at the end of the dry 
season (October). A minimum of 25 individual 
tufts per plot and species was recorded either 
on the whole plot area or on subplots, obtaining 
measurements of their basal area. Seedling 
abundances were recorded within four 1m x 1m 
quadrats nested within plots.

Data analysis

For each species, we calculated the cumulative 
basal area on a plot to capture population health. 
Cumulative basal area is influenced both by the 
number of individuals on a plot, and by their size 
(individual basal area). Population densities were 
derived from plant counts on a known number of 
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subplots per plot.We used ANOVA to test for differences in cumulative basal areas.

Results
Population health

We found distance from water points in both management types to have no significant influence on the 
average cumulative basal area of S. uniplumis (F (4, 42) = 2.31, p = 0.060) and A. stipitata (F (4, 10) = 
0.55, p = 0.707); see Figure 1. Stipagrostis uniplumis was found to generally be in a better state (with 
more and/or larger individuals) compared to A. stipitata (Fig. 1). 

Figure 1: The basal size structure of two grass species (Aristida stipitata and Stipagrostis uniplumis) in 
different management types (Communal areas or Commercial farms) and across the grazing gradients. 
Plot 1 being closest to the water points and thus experiences higher grazing intensity.

Grass density and seedling recruitment
Both on communal areas and commercial farms, grass densities and recruitment generally decreased 
with increasing grazing pressure (Figure 2), with very low to no grass tufts and seedlings in plots closer 
to water points. These effects were more pronounced on commercial farms.

Figure 2: A comparison of total overall densities and recruitment of the 4 grass species across 16 
transects with different management types N.B. Density is displayed on a log scale (i.e. 3 = 19; and 6 = 
402 individuals).
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Discussion
Grazing effects on population health

We found no influence of distance from water 
point on population health, which could possibly 
be explained by a high spatial heterogeneity of 
soil conditions and grazing pressure. Stipagrostis 
uniplumis is a densely tufted large sized grass 
compared to A. stipitata (Fig. 1). In general A. 
stipitata performed poorly under grazing pressure, 
decreasing in size in either the assumed highly 
grazed communal areas compared to commercial 
farms, as well as across the grazing gradients, 
Conversely, S. uniplumis had larger tufts on 
commercial farms compared to communal areas, 
which peaked in size earlier than E. rigidior (data 
not shown). The rarity of E. rigidior in communal 
areas is a possible explanation of the effects of 
continuous grazing in those areas. S. uniplumis 
dominated in commercial farms compared to 
communal areas where the species was even absent 
in some transects which is a possible indication of 
a system approaching desertification tipping points 
whereby such sensitive species such as E. rigidior 
and S. uniplumis tend to vanish with continuous 
grazing. Contrarily, species such as A. congesta 
and A. stipitata tend to be more common in the 
communal areas. These subclimax grass species 
are known as indicators of overgrazing with A. 
stipitata having a tendency of occupying disturbed 
open spaces hence displacing the more desirable 
native grass species (Muller 2007). Such species 
have the ability to tolerate high grazing intensity 
and harsh environmental conditions.

Grazing effects on population density and 
recruitment

The higher grass densities and recruitment 
in commercial farms could be explained by 
the controlled grazing system that is being 
implemented in those farms whereby species such 
as E. rigidior and S. uniplumis still form a major 
component of the veld (Muller 2007). In general, 
grass densities and recruitment tended to be 
affected by grazing pressure across management 
types. This is possibly due to high trampling 
effects and grazing intensity as livestock gather 
around watering points as well as seed bank 
depletion which will require further inference. A 
sharp decline in grass density away from grazing 
pressure could be possibly due to edge effects 
as most commercial farms have different fenced 
off units/paddocks. However, a sharp increase in 

seedling recruitment in those areas is likely a result 
of elimination of competition from established 
vegetation (Zimmermann et al. 2008)particularly 
the recruitment of seedlings, are critical to the 
long-term survival and re-establishment of 
plant populations. In many perennial grasslands 
successful recruitment is a rare event that requires 
the simultaneous favourable alignment of several 
environmental variables. 2. Although a few 
empirical studies have examined demographic 
processes in perennial grasslands, most of these 
studies investigate the impact of only one or two 
environmental factors in isolation. Those studies 
would lead us to expect that seed availability, 
irrigation and burning, enhance recruitment rates 
whereas the presence of established competitors 
substantially lowers recruitment rates. But how 
these factors, or recruitment filters, act in concert 
and how they influence the different components of 
the recruitment process such as seedling emergence, 
survival and growth is not understood. 3. For this 
reason we explore the relative and combined 
influence of four factors - seed availability, 
irrigation, competition by the established 
vegetation, and fire - on the recruitment process 
of a perennial grass (Stipagrostis uniplumis. Our 
findings match the results from previous studies 
on perennial grasses (e.g. Aguilera and Lauenroth 
1993, Zimmermann et al. 2008)particularly 
the recruitment of seedlings, are critical to the 
long-term survival and re-establishment of 
plant populations. In many perennial grasslands 
successful recruitment is a rare event that requires 
the simultaneous favourable alignment of several 
environmental variables. 2. Although a few 
empirical studies have examined demographic 
processes in perennial grasslands, most of these 
studies investigate the impact of only one or two 
environmental factors in isolation. Those studies 
would lead us to expect that seed availability, 
irrigation and burning, enhance recruitment rates 
whereas the presence of established competitors 
substantially lowers recruitment rates. But 
how these factors, or recruitment filters, act in 
concert and how they influence the different 
components of the recruitment process such as 
seedling emergence, survival and growth is not 
understood. 3. For this reason we explore the 
relative and combined influence of four factors 
- seed availability, irrigation, competition by the 
established vegetation, and fire - on the recruitment 
process of a perennial grass (Stipagrostis uniplumis 
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where the presence of established competitors 
severely suppressed seedling recruitment.

The effects of high grazing intensity tend to favour 
less palatable increaser grass species whilst long 
lived species that have high or average grazing 
value tend to disappear. Additionally, a suppression 
of seedling recruitment was another possible 
effect of high grazing intensity. We conclude that 
perennial grass species that are more responsive 
to grazing impact than to other environmental 
factors are probably useful early warning 
indicators of change. Further study and analyses 
of the system and data will continue to explore this 

possibility, to further determine the perennial grass 
dynamics, in order to better understand and predict 
desertification tipping points. In this way, suitable 
strategies will then be identified to manage and 
avoid irreversible effects of desertification.
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Abstract
Land degradation, climate variability, socio-economic changes and population increase are some of the 
factors that shrink grazing lands making forage availability less predictable and affecting the resilience of 
pastoralists communities. Reseeding as an intervention can rehabilitate degraded lands for profitable use 
through offering pastoralists alternative sources of livelihood and encourage livelihood diversification. 
This study evaluated two pastoral communities, the Tugen and the Njemps from Baringo County, Kenya, 
who have owned, managed and used reseeded fields to study the dynamics of reseeding land. A total 
of 193 pastoralist households were interviewed. These two pastoral communities used their fields for: 
dry season grazing, grass seed harvesting, cutting thatching grass, milking of mostly cattle, engaging in 
fattening programs, bailing of hay, and leasing of land.  On average, each household engaged in two to 
three activities with a maximum of five activities combined. The most common activity was dry season 
grazing which is practiced by 82% of the respondents followed by grass seed harvesting. These activities 
can be performed in sequence but proper planning is required to ensure that the field remains sustainably 
productive and successful. Reseeding appears to have high potential for implementation in other dry 
land counties of Kenya and Sub-Saharan Africa as an intervention that can improve resilience to climate 
variability as it provides additional grazing ground for the livestock. 

Introduction
Over 600 million people, majority of whom are 
pastoralists depend on rangelands which make 
up 41% of the world’s land and 43% of the land 
in Africa, for their livelihoods (Durrell 2018). 
Pastoralism is a livestock rearing system where 
pastoralists move with their herds in search of 
pasture and water.  This mobility aspect allows 
animals to efficiently convert limited ecological 
resources into human sustenance but due to the 
scarcity of resources, can also result in conflicts 
locally, regionally, and nationally as people 
and animals cross jurisdictional boundaries.  
Pastoralists have been under administrative 
pressure to reduce their mobility and adopt a more 
sedentary lifestyle (Kimiti et al., 2018). Other 
pressures that have similarly impacted pastoralists 
include socio-economic changes, population 
increase and climate variability including frequent 
and prolonged droughts which shrink grazing 
lands and make forage availability less predictable 
(Elhadi et al., 2012).  Initiatives that guarantee 
pastoralists’ right to mobility and investments that 
allocate dry season grazing rights on common use 

rangelands have the potential to secure pastoral 
lifestyle and significantly protect rangelands 
from degradation (Anderson and Bollig 2016)in 
response to environmental, economic, cultural, 
or political shocks or adverse events. This essay 
introduces a collection of 10 studies that analyse 
resilience in the context of the Baringo-Bogoria 
basin, a predominantly savannah ecological zone 
in Kenya’s northern Rift Valley. Framed by the 
adaptive cycle model, the studies span a history 
of 200 years, but also detail current challenges 
to the social-ecological system of the region. 
Resilience has allowed the communities of 
Baringo-Bogoria to adapt and transform in order to 
maintain production systems dominated by cattle 
pastoralism, with intensive agriculture in niche 
locations. The authors suggest that the most recent 
challenges confronting the peoples of this region – 
intensified conflicts, mounting poverty driven by 
demographic pressures, and dramatic ecological 
changes brought by invasive species – have 
contributed to a collapse in essential elements of 
the specialised cattle production system, requiring 
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a re-orientation of the socialecological system.
Reseeding is such an intervention, especially if the 
rehabilitated land is put to profitable use.

This paper researches the dynamics of reseeding 
land as an intervention among pastoral 
communities. It uses the Tugen and Njemps 
pastoral communities who are beneficiaries of  
reseeding as an intervention that restores severely 
degraded rangelands to address food insecurity, 
poverty and other livelihood problems (Meyerhoff 
et al., 2020). The Tugen are a sub-tribe of the 
larger Kalenjin people who are the fourth largest 
ethnic group in Kenya, with a population of 
approximately 200,000 people. The Maa-speaking 
Njemps in Kenya live in the south and southeast 
side of Lake Baringo and their population is 
about 35,000 people. They are among the tribes 
considered as minority groups in Kenya due to 
their small population numbers nationally (Kenya 
National Bureau of Statistics 2019). The Kalenjin 
and, by extension, the Tugen, have for generations 
practiced a mixed economy that included herding 
livestock, while the Njemps culture underwent 
transformations from fishing to sophisticated 
systems of irrigation, that were mixed with 
pastoralism as influenced by the neighbouring 
Samburu and Maasai. The main objective of the 
study is to evaluate household alternate field use 
characteristics. 

Materials and methods
The study was conducted in Baringo County in the 
Rift Valley region of Kenya. Baringo covers an area 
of 11,015 square kilometres, which encompasses 
Lake Baringo at about 165 square kilometres. The 
population of the area is about 667,000 people 
(KNBS 2019). This study focuses on the lowlands, 
which are areas in the Arid and Semi-Arid Lands 
(ASALs) climatic zones, covering a major part of 
the county with average rainfall of 400- 600 mm 
per annum and temperature ranging from 10°C 
to 35°C (Kiage et al., 2007;)due to both climatic 
variability and human activities. Information 
about such changes is often required for planning, 
management, and conservation of natural resources. 
Several methods for land cover/change detection 
using Landsat TM/ETM+ imagery were employed 
for Lake Baringo catchment in Kenya, East Africa. 
The Lake Baringo catchment presents a good 
example of environments experiencing remarkable 
land cover change due to multiple causes. Both 
the NDVI differencing and post‐classification 

comparison effectively depicted the hotspots of 
land degradation and land cover/use change in 
the Lake Baringo catchment. Change‐detection 
analysis showed that the forest cover was the most 
affected, in some sections recording reductions of 
over 40% in a 14‐year period. Deforestation and 
subsequent land degradation have increased the 
sediment yield in the lake resulting in reduction 
in lake surface area by over 10% and increased 
turbidity confirmed by the statistically significant 
increase (t = −84.699, p<0.001. Baringo County is 
one of the five most rural counties in Kenya and 
over 50% of its population live below the poverty 
line (Odada et al., 2006). 

The target population was about 500 field owners 
who own and manage more than 900 reseeded 
fields that were rehabilitated by the Rehabilitation 
of Arid Environments (RAE) Trust/LTD. The 
field owners selected for household visits were 
randomly but equally selected between the two 
tribes: the Tugen and the Njemps. A total of 193 
households were visited and data was collected 
through the administration of a survey in June 
2019.  Some of the targeted field owners were not 
available because they had permanently relocated, 
or they had migrated in search of pasture because at 
the time of the data collection, these communities 
were recovering from a prolonged drought and its 
associated challenges. Some of the fields that were 
intended for the survey were also no longer in use 
because they had been submerged by the flooding 
of Lake Baringo, or their owners had abandoned 
them because of insecurity following tribal clashes 
over land and pasture resources. Some fields were 
also newly reseeded and had not yet been used for 
any income generation yet. As a result, of the 193 
households that were visited, only 98 were used 
for the analysis.

Results
Tradable outputs obtained from the reseeded fields 
included: dry season grazing, grass seed harvesting, 
cutting thatching grass, milking, engaging in 
fattening programs, bailing of hay, and leasing of 
land. The two tribal communities differed in their 
participation in the income generating activities 
(Table 1).  The participation of the Tugen and the 
Njemps is at varying frequencies for all the different 
income generating activities. For instance, cutting 
thatching grass is more common among the Tugen 
than the Njemps: 40% of the Tugen participate in 
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cutting thatch as compared to 12.5% of the Njemps. 
Similarly, engaging in fattening programs is more 
common among the Njemps than the Tugen: 
over 50% of the Njemps participate in fattening 
programs compared to 6% by the Tugen (Table 1). 
None of the households surveyed engaged in all 
seven of the activities. On average, they engaged 
in two to three activities with a maximum of five 
combined activities. The most common activity 
was dry season grazing and grass seed harvesting. 
A total of 82% reseeded field owners used fields 
for dry season grazing. Further, if a field owner 
engaged in just one activity, the activity was most 
likely dry season grazing. For the other activities, 

78% engage in grass seed harvesting, 29% cutting 
thatching grass, 9% milking livestock, 32% cattle 
fattening programs, 21% cutting and bailing grass, 
and 18% leasing land. These income generating 
activities could also be pursued at different times 
of the year, providing the households with an 
opportunity for income for most parts of the year. 
These activities can be sequential uses of the land 
and proper management and planning is required 
to ensure that the fields still remain sustainably 
successful. For example, grazing the field before 
grass seed harvesting would have meant that 
you could not obtain the benefit from grass seed 
harvesting while grazing afterward maintains the 
value of both. 

Table 1: Income generation activity

Income generating activity Njemps (n=48) Tugen (n=50)
Frequency Percent Frequency Percent

Dry season grazing 41 85 34 68
Grass seed harvesting 40 83 31 62
Thatching grass 6 12.5 20 40
Milking 6 12.5 2 4
Fattening program 26 54 3 6

Bailing of hay 8 16.67 11 22
Leasing of land 9 18.75 7 14

Discussion [Conclusions/Implications]
On average households engaged in two to three 
activities, but a total of seven diverse income 
generating activities associated with utilizing 
reseeded fields. The biggest incentive for 
reseeding fields appeared to be dry season grazing, 
grass seed harvesting and the other tradable 
outputs they obtain from successfully reseeded 
fields (Mureithi et al., 2016). The high success 
of the reseeding exercise (93% among the Tugen 
and the Njemps) meant that the pastoralists who 
invested in reseeding as a source of livelihood, had 
higher chances of incomes from their investment 
and ultimately reduced their vulnerability to 
uncertainties. Though reseeding and its associated 
benefits may not be entirely climate-proof, 
indigenous grasses like Cenchrus cilliaris and 
Eragrostis superba have proven to be more viable 
and productive than most agricultural crops 
(Mganga et al., 2015)desertification characterized 
by vegetation degradation and soil erosion is a 
major threat to the sustainability of land-based 
production systems. Native rangeland forage 

species Cenchrus ciliaris L. (Buffel grass/African 
foxtail grass and they do not require pastoralists 
to change their livestock-based culture which has 
been practiced for many generations. Additionally, 
the different activities could be engaged in during 
different seasons, and with proper planning and 
sustainable management, the pastoralists could 
have incomes for most parts of the year.  

Policy reforms that guarantee pastoralists’ right 
to mobility and initiatives that allocate dry season 
grazing rights on common use rangelands have the 
potential to secure pastoral lifestyle and significantly 
protect rangelands from degradation (Anderson 
and Bollig 2016)in response to environmental, 
economic, cultural, or political shocks or adverse 
events. This essay introduces a collection of 10 
studies that analyse resilience in the context of the 
Baringo-Bogoria basin, a predominantly savannah 
ecological zone in Kenya’s northern Rift Valley. 
Framed by the adaptive cycle model, the studies 
span a history of 200 years, but also detail current 
challenges to the social-ecological system of the 
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region. Resilience has allowed the communities 
of Baringo-Bogoria to adapt and transform in 
order to maintain production systems dominated 
by cattle pastoralism, with intensive agriculture in 
niche locations. The authors suggest that the most 
recent challenges confronting the peoples of this 
region – intensified conflicts, mounting poverty 
driven by demographic pressures, and dramatic 
ecological changes brought by invasive species – 
have contributed to a collapse in essential elements 
of the specialised cattle production system, 
requiring a re-orientation of the socialecological 
system.https://github.com/citation-style-language/
schema/raw/master/csl-citation.json”} . However, 
the bureaucracies involved and weak enforcement 
mechanisms likely constrain such reforms from 
being sustainable (Fischer et al., 2020). 

Reseeding and its associated benefits address 
pastoralists vulnerabilities without requiring 
them to shift from their culture making it more 
desirable. The environmental and socio-economic 

benefits from reseeding have the potential to 
improve pastoralists livelihoods making them 
more food secure, prosperous and resilient. Future 
policies and institutions that support reseeding 
on communal lands, private enclosures, or open 
ranges may expand these benefits if sustainably 
managed.  Potential avenues for further research 
include the opportunity of reseeding the open 
and vast rangelands of Kenya and Sub Saharan 
Africa, and understanding the changing culture 
of pastoralism in the dawn of contemporary 
challenges such as the COVID-19 pandemic.
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Abstract
Persistent drought and high temperatures in Isiolo and Marsabit counties of northern Kenya repeatedly 
devastate livestock herds particularly cattle making the pastoralists less resilient, more vulnerable to 
climate change and poor. To address this challenge, an IGAD funded project promoted adoption of 
Somali camel breed, trained farmers on improved management and also estimated potential profitability 
of rearing the camel. Through the project, trainers were trained and facilitated to train 240 peri-urban 
Somali camel producers in Isiolo and Marsabit on breeding, health, routine husbandry and marketing. 
Impact study documenting positive stories of change was conducted at the end. Producers who hitherto 
made zero money from their camels were making KES. 42,000 a month from sale of 20 litres of milk 
daily from only 5 milking camels; producers had adopted a new grazing management strategy that 
ensured daily access of the camel milk market and conservation of grazing areas around settlements; 
motor bikes had been adopted as means delivering milk to collection centers thus creating jobs for the 
youth; the beneficiary producers were spending more money on production inputs. In terms of policy, 
the county governments of Isiolo and Marsabit need to appreciate the huge business potential in Somali 
camel rearing and the magnitude of positive change that can be brought about by capacity training of 
producers on improved camel management technologies and agree to allocate more funds in support of 
livestock production extension services.

Introduction 
Persistent drought and high temperatures in 
Isiolo and Marsabit counties of northern Kenya 
repeatedly devastate livestock herds particularly 
cattle making the pastoralists less resilient, more 
vulnerable to climate change and poor. The poverty 
index in the two counties was recently calculated 
at about 70%, compared with the national average 
of 48% (Government of Kenya, 2013). Apart from 
climate change, livestock productivity around 
which the local economy revolves has been 
hampered by factors including poor management 
and breed choice. Water available for livestock 
and natural pasture production will become less 
due to rising temperature. In response therefore, 
the ‘Enhancing Resilience of Livestock-based 
Livelihoods in Northern Kenya’ project sought to 
improve livestock productivity through promotion 
of adoption of Somali camel breed and capacity 
building on improved management of the same. 
The Somali camel breed produces more milk, is 
heavier and produces more meat, fetch higher 

price in the market and has higher load capacity 
compared with other breeds of camel in Kenya. 
Considering that feed resources will become 
scarcer in future owing to not only climate change 
but also human activities, it makes sense to keep 
few but more productive animals that will also 
help in climate change mitigation by releasing 
less greenhouse gas to the atmosphere. The project 
also sought to understand marketing and estimate 
potential profitability of Somali camel rearing in 
northern Kenya as a business.

Methods and Study Site
The project intervention activities were 
implemented in the arid counties of Marsabit and 
Isiolo, northern Kenya. The activities included 
sensitization and awareness creation of advantages 
of Somali camel compared to other breeds and 
livestock species, capacity building on selection 
and breeding, health among other management 
practices and marketing. The capacity building 

mailto:simon.kuria@kalro.org
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activities mainly focused on the peri-urban 
production system and was implemented through 
training of trainers, covering theory and field 
demonstration sessions. The trained trainers then 
trained a total of 240 Somali camel pastoralist in 
selected sites in Isiolo and Marsabit counties. The 
project technical team monitored and evaluated 
the program and collected impact related data. 
In implementing the activities, the project team 
worked closely with field extension personnel 
to ensure sustainability of the efforts beyond the 
project duration.

Results and Discussions
During a monitoring and evaluation visit to some 
of the working sites, the following was picked; 
Speaking to two Somali camel pastoralists who 
had benefited from the trainings, the farmers were 
emphatic that “the idea of camel milk marketing 
was very exciting and that one of them was selling 
20 litres of camel milk daily earning a net of 
KES. 1,400 after paying the transfer costs. This 
translated to a monthly net income of KES. 42,000. 
The other farmer was selling 10 litres of milk daily 
earning KES. 21,000 a month. Unlike before the 
training, the farmers said they had started buying 
mineral salts for camels to enhance health and 
milk yield. That the group of trained farmers 
held a meeting after the training and agreed on a 
grazing management strategy that would ensure 
continuous delivery of milk to the market. The 
strategy entailed herding lactating camels in 
groups of 3 – 4 and in locations accessible by a 
motorbike at all times to facilitate milk collection 
every morning. The strategy also required that 
some other camel herds are shifted close to 
the main road to Isiolo to avoid overgrazing of 
areas around market centers and to ensure milk 
is directly collected by the vehicle transporting 
milk to Isiolo town”. This was a crucial story of 
change considering that in late 2014 when the 
project was starting, not a single drop of camel 
milk was being sold from the area, yet there was 
a high concentration of camels and surplus milk 
was being wasted. However, the project technical 
team in two occasions engaged and challenged the 
local pastoralists to consider selling the milk and 
demonstrated to them through simple calculations 
that the milk would indeed pay with the use of 
motorbikes which were already available in the 
market Centre. As the project team was visiting 
the site for monitoring and evaluation, camel milk 
marketing had already started as illustrated in the 

following pictures; 

        

Figure 1: A motorbike (bodaboda) rider ferrying 
90 litres of Somali camel milk from a site called 
Barambate to Kula Mawe market Centre, with 
target of Isiolo Market

In total, there were six boda bodas transporting 
about 400 litres of camel milk to Kulamawe to 
link with the vehicle transporting camel milk to 
Isiolo town. The milk was generating about KES. 
25,000 daily for the local camel pastoralists and 
had created some jobs for the youth (boda boda 
riders) who were earning KES. 600 to 1000 every 
morning from milk transportation. 

In another site called Shurr in Marsabit county 
camel milk business had also started as a result of 
the project interventions and the team in fact met 
one Toyota Land Cruizer on the way to the site 
for monitoring and evaluation, ferrying milk to 
Marsabit town and gathered that 2-3 such vehicles 
were picking camel milk every morning and 
delivering the same to town. 

In another site called Kipsing in Isiolo County, the 
project team interviewed two beneficiaries of the 
training and the team captured stories as under, 
that: the farmers were yearning for more since 
they thought they were good camel managers but 
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the training had proved them wrong; they were 
impressed by the health management practical 
which exposed them to the right drugs for treating, 
correct dosage determined on the basis of live 
weight of camels, correct route of administration 
for various drugs; they had learnt how to manage 
ticks in the camel nostrils using pour-ons which 
had previously proved very difficult for them and 
the training had built their confidence in managing 
camels. The farmers confirmed that the few camels 
treated during the practical had recovered and 
indicated the same had remained sick for long. The 
farmers had also learnt how to manage breeding 
especially where one want to upgrade the Turkana 
or Rendille camel using Somali, that they should 
be buying bulls instead of the females as had been 
the practice before. Having been sensitized on the 
price of camels in the main markets, the farmers 
had realized they were being exploited by the 
traders who had bought their camels very cheaply 
for a long period and making a kill from the same 
in the main markets. The farmers confirmed that 
after the sensitization meeting and the training, the 
number of Somali camels brought to the market 
for sale had significantly reduced as they discussed 
how to deal with the problem of exploitation. The 
feedback further indicated they had embraced 
marketing of camel milk seriously saying the 
local demand was high. One of the farmers had 
two milking camels from which he was selling 
5 litres of milk daily earning KES. 500 (about 5 
USD) i.e. a 100 per litre. He had two wives and the 
money was shared between the two, each getting 
KES. 200 every day while he remained with a 100 
shillings. He said that following the training, he 
would manage the camels better to increase milk 
yield and increase the daily revenue. These stories 
clearly demonstrate change and impact of the 
project interventions.

Conclusions and Implications
That Somali camel pastoralists require capacity 
building in most of management aspects, the key 
ones being breeding and health in order to optimize 
performance of the genetically high potential 
camel. The need for training is higher in Marsabit 
County where commercial rearing of Somali camel 
is in the formative stage. That where the camel 
production system is commercialized, farmers tend 
to invest more in production inputs (upwards of 
KES. 46,000 per annum for an average herd of 35 in 
Isiolo), commit more time in managing the camels 

and are quicker to adopt improved management 
knowledge and technologies in pursuit of profit. 
This makes camels in such a system perform 
better compared to where production is largely 
subsistence oriented. The former and latter were 
the cases in Isiolo and Marsabit, respectively. 
Given that pastoralists were managing the Somali 
camel using indigenous knowledge and still made 
a minimum of KES. 10,000 per month in Isiolo, 
it suggests potential profitability is much higher 
if pastoralists are trained on improved camel 
management technologies. However, this calls 
for revival and strengthening of extension service 
in Isiolo and Marsabit counties where the service 
is at the moment poor and in fact completely 
lacking in most of the areas. The findings of this 
study imply that county governments of Isiolo and 
Marsabit should consider the following priorities: 
Promoting rearing of Somali camel particularly in 
the peri-urban areas by putting in place strategies 
that will ensure availability of breeding stock 
particularly bulls, training farmers on improved 
management technologies and marketing, either 
singly or in liaison with other stakeholders which 
would guarantee farmers reasonable income thus 
making them more resilient to climate variability; 
Recognizing the importance of extension service 
in improving livestock productivity and agreeing 
to commit financial resources in support of the 
same.
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Abstract
The focus of this study is to examine the interface between land management practices and values within 
a tribal community in rural midwestern North America. The Prairie Band Potawatomi Nation (PBPN) 
reside on a tribal reservation with a checkerboard distribution amongst private, non-tribal landowners. 
Previous studies have indicated that landowners may have different value-systems leading to variations 
in land-management practices. This can impose discontinuous land management in areas within shared 
biological boundaries, such as watersheds, especially between tribal and non-tribal entities. Preliminary 
spatial analysis in and around the PBPN landscape determined that the tribally-managed lands present 
more vegetative cover per unit land tenure than non-tribal lands. Furthermore, tribally-managed 
lands have more miles of intact riparian buffers present along streambanks compared to non-tribal 
streambanks. These factors indicate a difference in management approaches between both groups, yet 
the values that drive these management approaches have not been examined. To better understand PBPN 
land-management approaches, we coded and analyzed surveys conducted with tribal members about 
stream use, management, and values (n=76). Furthermore, we coded and analyzed every issue of the 
community newsletter Rez Recycler published within 2008-2014 for values-based themes. Our analysis 
demonstrated the PBPN community prioritize native land cover and ecosystem services for community 
benefit. Primary themes include stream condition, fish and fishing, culture and community, riparian 
knowledge, restoration and education. Additionally, healthy streams and healthy aquatic populations 
were most valued. This demonstrates tribal awareness  and prioritization of the connection between 
land management and stream conditions. We have presented an examination of community values, 
and desired outcomes, in a way that can help multiple stakeholders (e.g. Federal, state, private and 
tribal) approach land management. This type of understanding can facilitate collaborative planning that 
allows the tribal community to define their own version of success and support self-determination and 
sovereignty.

Introduction 
Land management practices can vary across 
stakeholders over a range of economic and social 
valuation systems (de Vries & Vo, 2018). A 
previous study (Mehl et al., 2018) determined land 
use and land cover (LULC) patterns on tribally-
managed lands retained more native vegetative 
cover (hardwood forest, grassland) than adjacent 
non-tribally managed lands. Specifically, tribally-
managed lands had more miles of intact riparian 
buffers along streambanks, compared with non-
tribal lands. These results indicate that there are 
different drivers influencing land management 

practices, however it is unknown whether 
economic, social, cultural, or some combination 
of these factors contributed to such practices. The 
purpose of this study is to examine which valuation 
systems exist for tribally-managed lands within 
the Prairie Band Potawatomi Nation (PBPN) 
and determine whether they may help explain 
differences in land management preferences. We 
hypothesized that tribal members would value 
native land cover (forests and grasslands) and 
ecosystem services supported by native land cover 
(healthy streams, fish) over individual economic 
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benefits (eg. cash crops). Questionnaires of 
tribal members, combined with analysis of tribal 
newsletters, provide evidence to support this 
hypothesis. 

The Prairie Band Potawatomi Nation (PBPN) 
were originally part of a larger tribe that included 
the Potawatomis, Odawas and Ojibwas (known as 
the “three fires”), and were quite successful in the 
Great Lakes region both as hunters and fishers, and 
later as traders with settler communities (Mitchell, 
2009). Following passage of the Indian Removal 
Act by President Andrew Jackson in 1830, they 
endured a forced removal and brutal relocation, 
eventually ending up in present-day Kansas in 1846 
(Cave, 2003). Their original reservation territory 
covered 576,000 acres that extended to the Kansas 
River and included part of present-day Topeka 
(“Prairie Potawatomi Resistance to Allotment,” 
1976). Almost immediately, this territory began to 
fall subject to the same provisions discussed above 
and much of the land was lost, piece by piece, to 
squatters, railroad interests, and religious interests 
(Royster & Blumm, 2002; “Prairie Potawatomi 
Resistance to Allotment,” 1976). 

Although the federal government during this 
time was pressuring the Potawatomi and other 
Indigenous nations to take individual land 
allotments, the group who would become the 
Prairie Band of the Potawatomi Nation refused, 
citing a belief that land belongs to everyone and 
cannot be owned individually (Mitchell, 2009). 
They remained on their communally-held land 
base, which by this time had been reduced to 
77,357 acres (“Prairie Potawatomi Resistance to 
Allotment,” 1976). Despite continued resistance 
and skillful use of non-violent protest and legal 
tactics, passage of the Dawes Act in 1887 provided 
an avenue for the U.S. government to force them 
to take the individual allotments. By 1895 their 
remaining reservation territory had been divided 
into 80-160 acre parcels and allotted to each head 
of household (“Prairie Potawatomi Resistance 
to Allotment,” 1976). Many of these allotment 
parcels met the same fate as many others across 
the United States, reduced through taxation, 
fractionation, and the escheat provision. The end 
result is the checkerboard pattern of land tenure 
seen today (Shoemaker, 2003).

The PBPN reservation today covers an area of 121 
mi2 (77,880 acres), about 20 miles north of Topeka, 
in Jackson County in northeastern Kansas. The 
reservation is almost entirely within the Soldier 

Creek watershed, with the major creeks being 
Soldier Creek and Little Soldier Creek. Soldier 
Creek flows from Nemaha County in northeastern 
Kansas, across the length of the PBPN reservation 
in Jackson County, and south to Topeka in Shawnee 
County where it converges with the Kansas 
River. The Soldier Creek watershed includes 
approximately 339 mi2 (216,898 acres) of land. 
Land use in the watershed is primarily grassland 
(63 percent) and agricultural land (30 percent) 
(Kansas Applied Remote Sensing Program, 1993). 
Soldier Creek and Little Soldier Creek are affected 
by water quality problems common to surface 
water in the Great Plains agricultural region, 
including elevated levels of sediment, nutrients, 
bacteria, and pesticides (Ross Schmidt et al., 2007). 
Soldier Creek and its tributaries have experienced 
significant degradation related to channel incision 
from channelization and agricultural land 
use (Juracek, 2002). Despite enduring forced 
relocation and the loss and fractionation of their 
reservation territory, the PBPN have shown 
incredible resilience and have built the governance 
structures necessary to extend their agency and 
apply land management preferences for cultural 
resilience and survival. They have many tracts of 
recently purchased land, which will now fall under 
their jurisdiction for land management. PBPN land 
use preferences include traditional subsistence 
practices, such as hunting and fishing (personal 
communication) . This may lead to very different 
land management decisions than those being made 
on adjacent privately-owned land parcels.

Materials and Methods
A questionnaire was developed and distributed 
to community members on the Prairie Band 
Potawatomi Nation (Jackson County, Kansas). 
The questionnaire was designed to determine 
what features are valued by participants on local 
landscapes, how they use local streams, and what 
environmental issues they perceive to be affecting 
them. Questions were multiple choice, but also 
provided space to write qualitative responses 
or elaborate on the multiple-choice selection. 
Questionnaires were distributed at two large 
community events, two smaller workshops (one 
of which was organized by co-author Mehl), and 
individually as the author made contacts within the 
community. The majority of respondents reported 
being a member of the Prairie Band Potawatomi 
Nation, Kickapoo Nation in Kansas, or another 
tribe. Questionnaire responses were coded and 
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analyzed. For the purposes of this analysis, only 
responses from tribally-affiliated respondents 
were included (n=76). 

To supplement the questionnaire results, a 
context analysis using qualitative coding 
(Saldaña, 2015) was performed on issues of the 
“Rez Recycler” newsletter (available at https://
www.pbpindiantribe.com/pep/rez-recyclers/). 
Newsletter issues are published quarterly 
(approximately four issues per year) by the PBPN 
Planning and Environmental Protection department 
and contain articles about community events and 
environmental sustainability. Each issue published 
between 2008-2014, for a total sample size of 28 
newsletters, was analyzed initially for emergent 
themes through open coding. Conceptual themes 
were developed during the second round of axial 
coding. Concepts and categories created through 
the coding process were analyzed in Google 
Fusion Tables which served as the platform for 
code organization, filtering, and condensing. 
After code condensing, 19 major code categories 
emerged with corresponding frequencies as aided 
by the Fusion Table. This information allowed 
the determination of major themes highlighted 
in the newsletters. These codes were compared 
to the questionnaire that was distributed to tribal 
members. The questionnaire was also organized 
and filtered using Google Fusion Tables allowing 
us to derive the frequency of patterns in the 
responses for the participants. Newsletter codes 
and questionnaire responses were synthesized to 
give five major themes for analysis. 

Results
The objective of this study is to better understand 

cultural drivers of land management choices 
for an Indigenous communities. Given previous 
observations that land under tribal tenure was 
much more likely to retain native vegetation, the 
authors hypothesized that respondents would value 
native land cover (forests and grasslands) and 
ecosystem services supported by native land cover 
(healthy streams, fish) over individual economic 
benefits. Results from both the questionnaires and 
the newsletter analysis supported this hypothesis. 
Recurring themes include the value of streams as a 
fishing resource, and the use of streams and stream 
water for cultural purposes. Riparian forests were 
seen as important almost without exception. 

Analyzing the questionnaire responses, the most 
frequently mentioned theme regarding streams 
was fish or fishing. A majority of questionnaire 
respondents (78%) indicated that they value the 
streams as a fishing resource. Other major themes 
mentioned are swimming/recreation (60%), 
drinking water (55%), and cultural uses (51%). 
Wildlife habitat was identified as an important 
issue by 45% of respondents, with 40% of total 
respondents specifically mentioning habitat for 
culturally-important plants and animals. Bank 
stabilization or erosion was mentioned as a concern 
by 43% of respondents. Only 13% of questionnaire 
respondents associated with a tribe indicated using 
streams for irrigation or livestock watering.  The 
“Rez Recycler” newsletter, published by the 
PBPN Department of Planning and Environmental 
Protection, had a number of overarching themes 
including Community education, Community 
events, Environmental assessments, community 
recognition.

Community Education Community events Environmental 
assessments

Community Recognition

Sharing community 
resources (who to call, 
available resources)

Youth education 
(Boys & Girls Club)

Air quality up-
dates

Environmental heroes

Department activities 
(monitoring, surveying, 
grants)

Community hiking 
events

Water quality and 
water conserva-
tion

Earth day participant recog-
nition for doing good in the 
community 

Recycling and hazardous 
waste removal

Earth day celebrations

Community education 
of local environmental 
issues
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In addition, various attitudes and values were 
either implicitly or explicitly stated in the 
newsletter,including: 

1. Keeping reservation clean and litter free 
(aesthetics)

2. Concern for human and environmental 
health

3. Think of those “downstream”

4. Do your part - ways you can help

5. Elder knowledge and storytelling

6. Community wellbeing and bonding

A synthesis of recurring codes between 
questionnaire responses and the newsletters 
resulted in the following overarching themes 
for analysis: stream condition, fish and fishing, 
culture and community, riparian knowledge, and 
restoration and education. 

Discussion 
This study examined whether observed differences 
between tribal and non-tribal land management (in 
Mehl et al., 2018) are reflective of specific cultural 
priorities applied to the landscape by the tribe. The 
primary themes to emerge from this analysis (stream 
condition, fish and fishing, culture and community, 
riparian knowledge, and restoration and education) 
reinforced the cultural importance of healthy 
streams and aquatic populations, and showed that 
the majority of surveyed tribal members are aware 
of the connection between land management and 
stream condition. The analysis also highlights the 
effectiveness of the PBPN Department of Planning 
and Environmental Protection (the “tribal EPA”) 
in educating the community, restoring important 
landscape features such as wetlands, and providing 
resources for community members. 

The results of this study are also important when 

combined with observations from the land cover 
analysis by Mehl et al. (2018). This shows that 
where the PBPN has agency in governance, they 
manage their land in ways linked to tradition and 
cultural resilience. On a broader scale, this shows 
that, where a tribe has agency in governance, 
cultural landscape management can persist, even 
when a tribe has been moved from their historical 
homelands and into a new geography. We must 
use caution to separate areas where tribes have 
agency to apply cultural preferences, from areas 
where tribes historically lacked agency. In latter 
areas, land cover patterns may be a result of a lack 
of economic opportunity, or the result of tribal 
members being assigned the most marginal lands 
under the Allotment Act. However, the results of 
this study show that cultural preferences do exist 
and are being translated onto the landscape on 
tribally-owned lands.

This study also furthers the understanding of 
PBPN community concerns and desired outcomes 
for federal and state agencies and adjacent 
private landowners. Most available literature 
on Indigenous Land Ethics only provides an 
overarching worldview or examination of TEK 
(Pierotti, 2011). We have presented a more in-
depth examination of community values, in a 
way that can help federal and state agencies and 
other natural resource managers close the gap 
between their own priorities and the priorities and 
value of the PBPN. This type of understanding 
can facilitate collaborative planning that allows 
the tribal community to define their own version 
of success and support self-determination and 
sovereignty. 
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Abstract
Sound rangeland management is one of the key factors for a successful and viable commercial livestock 
production in grass fed production systems. However, such knowledge is perceived to be lacking in 
small-scale livestock farmers, who farm on degraded and overgrazed communal rangelands despite being 
regarded as prime beneficiaries of the land redistribution programme in the stalling South African land 
reform.   Largely, it is also not known in details how much the potential future commercial farmers know 
about their rangelands. This study analyses perception of the prime land redistribution beneficiaries—
potential emerging farmers, who were surveyed randomly in three South African provinces. Descriptive 
statistics of potential emerging farmers show that they perceive their communal rangeland as “poor”, 
concurring with scientific literature. However, their reasons of the “poor” status deviates from the reasoning 
of scientific literature, highlighting the potential emerging farmers’ knowledge gap of rangeland science. 
Ordinal Logistic Regression shows that farmers’ age and education level are significant predictors of 
the perceived rangeland status among potential emerging farmers. This underscores the importance of 
personal experience and education in rangeland assessment.  Indeed rangeland management training 
is necessary for land redistribution beneficiaries prior taking over commercial livestock farms. These 
trainings should focus on more on younger and less educated beneficiaries.

Introduction
Since the transition to democracy in 1994, the 
South African government has been trying to 
redistribute commercial farmland in a just and 
equitable manner (DLA, 1997; LRAAP, 2019). 
The black commercial oriented smallholders 
(potential emerging farmers), mostly situated in 
the country’s former homelands are the prime 
beneficiaries (DRDLR, 2013). However, to date 
there is a general consensus among stakeholders 
that land redistribution has not kept up with the 
target objectives set in land reform policies and 
there is poor or no production in the redistributed 
land (LRAAP, 2019). There is a plethora of 
explanations of why this is the case and one of 
these reasons include lack of farming skills and 
knowledge of commercial farming from emerging 
farmers (see e.g. Dlamini et al. 2013). Knowledge 
about rangeland management is a prerequisite to a 

successful livestock farming (see e.g. Tefera and 
Kwaza 2019), however, little details on a larger 
scale eliciting this exist. Since rangelands are the 
most abundant farmlands in South Africa (DAFF, 
2017), it is most likely that it would be the most 
redistributed farmland. Therefore, understanding a 
priori rangeland knowledge of land redistribution 
beneficiaries is important for the design of support.  
The objective of this study is to analyse potential 
emerging farmers ‘perception of their own 
communal rangelands status and the perceived 
causes of such.

Materials and Methods
This study is based on a survey of commercial-
oriented smallholder farmers in the Eastern Cape, 
KwaZulu Natal and Limpopo provinces of South 
Africa and eight districts within these provinces. For 

mailto:siphez@sun.ac.za
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the purpose of this study and inspired by previous 
studies such as Zantsi et al. (2020), smallholder 
household heads were purposively included in the 
study if they had sold at least 20%  of their produce 
in the previous season. The provinces and districts 
were selected purposively based on the literature 
on provinces and districts with high density 
of smallholders. The three selected provinces 
represent 60 per cent of smallholders in the country 
(Statistics South Africa, 2016). However, at village 
and household levels, smallholder household 
heads were randomly selected. Four hundred 
and fifty-two livestock farming households were 
filtered from the 833 larger household survey 
sample and included for analysis in the present 
study. Descriptive statistics is used to describe the 
characteristics of the farmers and their rangeland 
perception status. Ordinal Logistic Regression is 
implemented to analyse the relationship between 
rangeland perception status and socio-economic 
variables and livestock herd size. 

Where j = 1,2,3,4 refers to ‘bad, good, fair’

i = 1 refers to ‘independent variables’

Results and discussion
Description of the sample and rangeland 
perception status

Table I below provides a summary statistics of 
the characteristics of the sample of farmers under 
study. The sample is mostly concentrated in the 
Eastern Cape and KwaZulu Natal provinces and 
few of the respondents hail form Limpopo. Males 
account for the largest share of the sample (64%) 
with an average age of 55, which is confirmed 
age for commercial oriented smallholder farmer 
in South Africa (Zantsi et al. 2019). The studied 
farmers have reasonable literacy levels as most 
had a secondary school education. As such, they 
have middle incomes with a mean of R7 853 per 
month and  22  livestock units.  

Table 1: Summary statics of the dependent 
and independent variables used in the ordinal 
regression
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Variable Min. Max. Average Std. dev.
Continuous variables
Household head age in years 20 76 54 12
Household monthly income in Rands 320 100 000 7 853 10 509
Total livestock units 0.8 350 22 26
Percentages of the dummy and categorical variables
Perceived rangeland status Very bad=21%, Bad=32%, Fair=13%, Good=26%

Very good=9%
Perceived reason for the rangeland status Insufficient rain=47%, No fences for practicing rotational graz-

ing=3%, Good management=21%, 

Overgrazing=18%, Understocked=8%; Other reasons=2%
District and the province in which the house-
hold reside

(Amathole=35%,Chris Hani=26%, OR Tambo=15%)=Eastern 
Cape;  (Umkhanyakude=8%; Harry Gwala=6%, Zu-
luland=5%, King Cetshwayo=2%)= KwaZulu Natal; 
(Vhembe=3%)=Limpopo

Gender Female=36%, Male=64%
Education level of the household None=11%, Primary=34%, Secondary=27%

Matric=12%,Technical college=6%,University =10%
Ownership of television Yes=88%, No=12%

Source: Own calculations

In the study areas, the rangeland condition is 
generally, perceived to be in bad condition. 
Combined, the perception “very bad” and “bad”  
accounts for more than half of the respondents’ 
responses. These perceptions concur with the 
innumerable literature on communal rangeland 
status in South Africa, which have constantly, been 
rated as in poor condition because of overgrazing 
mainly due to shortage of grazing land (Hoffman 
and Todd, 2000; Palmer and Bennett, 2013). 
However, respondents reasoning of the poor 
condition is mixed. Almost half of the respondents 
who think their rangelands were in poor condition 
believe the reason is insufficient rainfall and very 
few attributed the condition to shortage of grazing 
land and fences to allow rotational grazing. These 
perceptions contradict the scientific reasoning 
from literature. These disparities underscore the 
knowledge gap between farmers and science. The 
few respondents who rated their rangelands as 
in good condition attributed such status to good 
management from the farmers. However, from 
the authors’ observations during the fieldwork, 
there are few areas where there were camps to 

allow rotational grazing and there were no signs 
of rotational grazing practices as all camps were 
grazed. 

Empirical analysis of the factors underlying 
rangeland status perceptions

In Table 2, results of the empirical model (ordinal 
logistic regression) are presented and shows that 
age, education and perceived reasons for rangeland 
significantly predicts rangeland status of potential 
emerging farmers.  Farmers age decrease with 
their perception of rangeland status (from very 
bad to very good), holding other factors constant. 
Implying that as farmers grow they are wiser to see 
the rangeland condition, thanks to their farming 
experience. Farmers with low literacy levels think 
rangeland status is good, holding other factors 
constant. Farmers perceived reasons of rangeland 
status increases with the rangeland status, holding 
other factors constant. This imply that 

Table 2: Factors explaining rangeland perception 
status of potential emerging farmers
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Variable Odds ratio Robust std. error P-value
Household head age in years 0.96 -0.01 0.000
Household income monthly in Rands 1.00 0.00 0.241
Education level of the household 0.73 -0.07 0.004
Perceived reason for the rangeland status 1.52 0.07 0.000
Ownership of television 1.40 0.00 0.310
Total livestock units 1.00 0.00 0.652
Number of observations   306
Chi-square 84.03
Prob>Chi-square 0.0000
Pseudo R-square 0.073

Source: Own calculations   Note: gender, district 
were dropped because of multi-collinearity

Conclusions and implications
The study sought to shed light on the perceptions 
of potential emerging farmers’ knowledge of their 
communal rangelands. This a priori knowledge is 
important for informing the type and intensity of 
training for land reform beneficiaries to improve 
productivity performance of emerging farmers on 
commercial farms. The study found that although 
potential emerging farmers know their rangeland 
status, which concur with scientific literature, 
however, their reasoning of the underlying factors 
are different to what is reported in scientific 
literature. Age and education level of the farmer 
statistically, predict the reasoning of emerging 
farmers’ rangeland status.  These findings 
underscore a knowledge gap from the potential 
emerging farmers about their knowledge of 

rangelands since their perceptions do not match 
the reasoning from scientific literature. This can 
be attributed to the potential emerging farmers’ 
limited knowledge on grass species, carrying 
capacity and of the range and rangeland ecology as 
noted in Tefera and Kwaza (2019) study. Rangeland 
management training and literacy levels should 
be provided for land redistribution beneficiaries’ 
prior to taking over commercial farms. Extension 
officers should also educate smallholders in 
communal land with basic rangeland management 
skills.  
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Abstract 
The main objective of this study is to compare the different agri-food systems of extensive livestock 
(ecological and conventional) of big and small ruminants (cattle and sheep respectively) in high 
Pyrenees.  This objective is formulated by looking at the general lack of knowledge of the population 
regarding the functionality of these systems, the changes of management that have been introduced in the 
recent years, especially in terms of commercialization, and the different capacity of response of extensive 
livestock systems to climate change and other socio-economic complementary changes. Attributes and 
indicators have been selected for the comparative evaluation of livestock systems, focusing on three 
political perspectives ecofeminism, adaptation to climate change and food sovereignty. 

The methodology adopted is mixed, including secondary databases and interviews for the analysis of 
extensive livestock agri-food systems and a series of participatory workshops with scientists and women 
livestock operators to select indicators that allow to highlight different critical points along the chain to 
compare agri-food systems.

Four archetypes of each agri-food system studied were identified by following the product of meat from 
extensive livestock management of bovine and sheep. Although there are several differences between 
the organic and conventional beef and sheep meat systems, similarities have also been found. Sheep 
production, and in particular organic production, is the simplest, is the most traditional and shortest 
chain system. A set of 123 indicators have been identified by the dialogue between researchers and 
practitioners, grouped in 9 dimensions. When evaluating these systems, so far there have been many 
aspects that have not been valued or have been invisible, especially in the dimension of Dignified life 
and Social equity. There are also certain gaps of information, that should be filled in future research.

Introduction
The traditional profession of shepherds and 
ranchers is an activity linked to the territory that 
has adapted to environmental and socio-economic 
changes and it’s closely connected with concepts 
such as land management, sustainability and 
landscape preservation (Costa Brava Tourism 
Board, 2020). Over the years, the profession of 
shepherd has been reshaped to diverge in different 
management typologies. In some areas there 
are still practices that, despite adapting to the 
mechanization that emerged from the 1960s, have 
also maintained the traditional knowledge, such 
as extensive livestock systems of transhumance 
or high mountain transmittance, mainly of 
autochthonous races of sheeps, cows, goats and 
horses, with movements of the animals in winter 
and summer in order to make the most of existing 

resources over long distances and at different 
altitudes (Fernández & Fillat, 2012). Extensive 
livestock farming is a system of agricultural 
production that uses efficiently and respectfully 
the resources of the territory with the appropriate 
species and breeds; it combines production and 
sustainability and provide multiple environmental 
and social services (Oteros et al., 2014). This type 
of livestock management shapes the landscape, 
helps in the control of forest fires, in the regulation 
of water cycles and soil quality, enhances 
biodiversity and also makes a contribution to the 
conservation of cultural heritage and territorial 
identity (Pauné, Gutiérrez, Trèmul & Gasol, 2020). 

Within this livestock-based production, different 
agri-food systems are included, such as organic 
and conventional management. Organic livestock 
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is a production system oriented to soil and 
environmental protection, animal welfare and 
the avoidance of the systematic use of synthetic 
chemicals throughout the process for the 
production of healthy food (CAECV, 2019). In 
contrast, conventional livestock is mainly based 
on the use of both natural pasture and additional 
external food and the use of chemical inputs in 
pastures in order to increase the fertility of the land 
and to prevent pests and diseases (Raigón, 2014). 
This system has been for many years, the most 
common form of production.

This investigation is located in the high Pyrenees 
and it aims to describe the extensive livestock 
systems of large and small ruminants, both 
organic and conventional, with different chains of 
production, processing, distribution and marketing 
of the product of meat. It gathers information 
to determine exhaustively the differences at all 
levels of the chain and contribute to understand 
the benefits and harms of each system. To do this, 
the paper explores a set of descriptive indicators, 
chosen in a dialogue between scientific experts 
and women livestock operators, which include 
three political perspectives of evaluation that so 
far have not been sufficiently taken into account 
and are relevant to evaluate livestock agri-food 
systems: ecofeminism, climate change adaptation 
and food sovereignty. 

Materials and Methods

The methodology used to perform this work 
has been mixed. Different study methods and 
tools have been used, including bibliographic 
resources and secondary databases, interviews and 
participatory workshops (virtual and presential).

The study was developed in 4 phases: After an 
initial bibliographic search (phase 1), secondary 
databases and a series of interviews allowed to 
“follow the thing” (i.e., the cartography of the 
journey made by the meat from a cow and a calf or 
a lamb through the food chain - resources used to 
production, transformation, marketing activities) 
and characterize the agri-food system (phase 2) 
(Santos - Fraile & Massó, 2017). Phase 3 was then 
carried out based on participatory workshops with 
scientists and women livestock operators for the 
selection of indicators around three perspectives 
(i.e. food sovereignty, climate change adaptation 
and ecofeminism) applied to the extensive livestock 
of small and large ruminants. Finally, in phase 4, 
the information was analyzed and structured. This 

social multicriteria approach   has been designed as 
an iterative learning process between researchers 
and practitioners involved in the study in order to 
characterize and comparatively assess the agri-
food systems identified (Munda, G., 2004). 

Results and Discussion
Archetypes of extensive livestock systems

Our findings show the different journeys of each 
system. Four archetypes of agri-food systems (2 
for bovine and 2 for sheep extensive livestock 
management) were identified with their respective 
chains. The first archetype shows the circuit 
of ecological bovine system (Figure 1a).  It is 
important to emphasize on the nodes of fattening. 
There are 2 options: the organic fattening or the 
transfer of the calf to the conventional fattening 
following the conventional chain. The main 
commercialization is done by the same livestock 
operator who realizes a proximity sale. The 
second archetype (Figure 1b) shows the circuit 
of the conventional bovine system. The main 
difference is the possibility to use external food 
and inputs for pastures, as well as the adoption of 
a conventional fattening. The commercialization is 
mainly done by more than one intermediary and 
it’s a long-distance chain, mainly destined to large 
scale distribution. The third archetype (Figure 2a) 
shows the circuit of ecological ovine system. It is 
really simple. The commercialization is normally 
done by one intermediary and the products follows 
a short chain. The fourth archetype (Figure 
2b) shows the circuit of a conventional sheep 
system, with external inputs. It is more difficult to 
identificate exactly which is the real path of the 
system along the chain. In this case a merchant is 
in charge of exporting the animals when they are 
alive. However, there is also a second option of 
following a short chain, similar to the ecological 
system. 

From the archetypes obtained, it can be seen how 
there are clearly visible differences between the 
bovine and sheep systems above all. The schemes 
of sheep’s systems are visually simpler, involving 
fewer linkages than the bovine’s systems. However, 
there are more similar than differentiating features 
between the archetypes. These similarities also 
give important information. The node that creates 
the most complexity in bovine schemes is the 
activity of fattening, while fattening does not 
appear as a node in sheep production chains.
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Figure 1: A) Ecological bovine extensive livestock archetype B) Conventional bovine extensive 
livestock archetype

Figure 2: A) Ecological ovine extensive livestock archetype B) Conventional ovine extensive 
livestock archetype
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Evaluation tool 

The participatory workshops with scientific experts 
and practitioners selected a series of indicators 
and we created a tool for livestock-based agri-
food system assessment.  From the workshops it 
was possible to establish 9 dimensions to work 
on, each of which included a series of attributes. 
Dimension 1: Right to food (3 attributes); 
Dimension 2: Autonomy (6 attributes); Dimension 
3: Mitigation and adaptation to climate change (5 
attributes); Dimension 4: Dignified life - Social 
equity (7 attributes); Dimension 5: Conservation 
of natural resources (4 attributes); Dimension 6: 

Polycentric and sovereign governance system 
(4 attributes); Dimension 7: Territorialization 
and scale (3 attributes); Dimension 8: Animal 
welfare (3 attributes) and finally, Dimension 9: 
Sociocultural functions (5 attributes). This tool 
allows, visually, to make an impact on the strengths 
and weaknesses of the systems. These weaknesses 
need to be addressed in order to improve the way 
the system is organized. Due to the wide gap in 
statistical information and a lack of information 
records and controls in various areas of livestock, 
it was not possible to assess the systems

Figure 3: Simulation of the evaluation tool created with all the attributes

Conclusions

In conclusion, our findings show that it is equally 
necessary to highlight the differences as well as 
the similarities between the extensive agri-food 
systems studied. The differentiation between 
ecological and conventional livestock management 
is guided by ecological regulations, but especially 
in sheep extensive management in terms of actions 
and links there are very few differences. The main 
differences are in the bovine systems in terms of 
fattening, done out of the farm with ecological or 
conventional products, and the long or short chain 
of commercialization. In the case of sheep, the 
most successful trading option is the short chain. 
From the graphical representations it has been 
observed that the extensive system of sheep is 
simpler than that of cattle. 

In reference to the assessment of the attributes 
applied in livestock, a large number of aspects 
forgotten in the evaluation of agri-food systems 
have been detected, especially with reference to 
the dimension of “Dignified life - Social equity” 
which include gender-sensitive indicators. At 
the same time, a large information gap has been 
detected. At scientific level, the integration of 
different approaches, such as the frameworks 
of climate change adaptation, food sovereignty 
and ecofeminism to evaluate agri-food systems, 
is an important contribution for future studies. 
The evaluation tool has been suggested for the 
evaluation of extensive agri-food systems but is 
highly adaptable to different types of existing agri-
food systems and useful at policy level. 
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Abstract
In various countries, development and conservation organizations and national policymakers have been 
experimenting with ways of applying the community-based natural resource management approach to 
the unique social and biophysical characteristics of pastoralist rangeland settings, with mixed results. 
We carried out comparative case study research on community-based rangeland management (CBRM) 
in a variety of settings in Ethiopia, Kenya and Tunisia with the objective of identifying what kinds of 
strategies and methods work in which social and ecological contexts.  We used an “options by context” 
approach guided by a research protocol that includes key variables and descriptors for characterizing the 
implementing organization’s approach to CBRM and important contextual factors that may vary from 
place to place and affect the implementation and success of the approach.  The commonalities among 
our cases include: i) community governance and management structures for rangeland management; 
ii) the geographic rangeland unit which those structures are managing, and iii) a development agent 
that is supporting the community.  We found that differences among the cases in the challenges faced 
and their degree of success depended at least as much on certain aspects of social and biophysical 
context as it did on the exact nature of the approach being implemented by the development agent.  For 
example, the extent to which there are effective natural or social borders that provide the rangeland 
community with some degree of separation from neighbours is crucial; without such landscape features, 
the design principle of clearly defined rights to a clearly defined piece of land belonging to a clearly 
defined community is difficult to implement in any straightforward way.  In some pastoral rangeland 
contexts, conventional community-based approaches need substantial modification to be effective in 
contexts with the highest levels of spatio-temporal variability, mobility and openness of the landscape.

Introduction
Commons scholarship has been one of the 
intellectual foundations of CBNRM (Turner, 
2004).  The first of the well-known Ostrom design 
principles—the need for clearly defined resource 
and social group boundaries (Ostrom, 1990)—has 
shaped CBNRM intervention strategies.  CBNRM 
approaches in pastoral rangelands, as in other 
kinds of systems, have been guided by some of the 
principles of mainstream commons scholarship, 
tending to emphasize clear borders, exclusionary 
access rules, and the need to overcome free 
riding (Undargaa, 2017).  Perhaps for this reason, 
CBNRM has had mixed success in pastoralist 
settings (Reid et al. 2014). 

The question of what social and ecological 
conditions in pastoral rangelands are conducive 
to which kinds of natural resource management 
approaches and which kinds of property regimes 
has yet to be thoroughly explored in the literature, 

but some insights have begun to emerge. One 
social-ecological characteristic affecting what 
kinds of resource governance regimes and natural 
resource management approaches might be 
effective in a given context is the extent to which 
the community of users is spatially circumscribed 
by some combination of other land uses and land 
tenure types, major political boundaries, and 
physical landscape features.  In a comparative 
analysis that coded thirty African pastoralist 
societies as having some variation of either open 
property or common property regimes, Moritz el 
al. (2019) found that pastoral communities situated 
in more open landscapes were more likely to have 
open property regimes, and more circumscribed 
communities were more likely to have some type of 
common property system.  Through a comparative 
analysis of five case studies, this paper explores 
the influence of these kinds of contextual factors 
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on the implementation and success of CBNRM 
interventions with pastoral communities.  

Materials and Methods
The cases were conceived such that each case 
represented an instance of community-based 
rangeland management, which we defined as 
having three main elements: a set of community 
governance and management structures through 
which community members could participate in 
decision-making for the resource, the geographic 
rangeland unit that those structures are managing, 
and a development agent that is supporting the 
community. Because our research was concerned 
with governance design, we treat the characteristics 
of community governance as part of the approach 
being studied.  The cases were selected to capture 
some of the diversity in pastoral communities, and 
to involve different sets of external development 
agents (see Table 1).  

Guided by our objective of identifying aspects of 
social-ecological context that significantly affect 
the implementation and success of CBNRM in 
pastoral rangelands, we analysed the cases using an 

“options by context” strategy, following a common 
protocol that outlines key characteristics and 
variables for describing the option (the particular 
community-based rangeland management 
approach that has been implemented), the context 
(social, economic, political and biophysical), 
and aspects of implementation, outcomes, and 
impact (Robinson et al., 2018). For the Shompole-
Olkiramatian, Chenini, Naniga Dera, and Dirre 
cases, key informant interview and focus group 
discussion guides were developed based on the 
protocol mentioned above (see Table 2).  The 
Il’Ngwesi case study was based primarily on a 
review of earlier research, including field research 
based on an earlier draft of the same protocol 
(Moiko 2015).  Since then, we returned to the area 
several times through other research projects and 
were able to acquire the remaining information 
to complete the protocol for that case.  The cases 
also variously used methods such as review of 
documentation and transect walks.  The Naniga 
Dera case also involved a household questionnaire 
survey in the Bale region, with 40 respondents in 
Naniga Dera. 

Table 1: Summary of cases and methods

Method Shompole- 
Olkiramatian

Il’Ngwesi1 Chenini Naniga Dera Dirre

Location Kajiado County, 
southern Kenya

Laikipia County, 
north-central 

Kenya

Tataouine gover-
norate, southern 

Tunisia

Bale Zone, 
Oromia Region, 

Ethiopia

Borana Zone, 
Oromia Region, 

Ethiopia 
Key informant 

interviews
9 12 10 4 14

Focus group 
discussions

12 3 2 2 11

Results

All five of the cases were based on a territorial 
approach that involved one or more external agents 
providing support to a pastoralist community by 
helping to build local institutional capacity for 
management of natural resources over a specified 
territory.  In the Naniga Dera case, a community 
organization—the Rangeland Management 
Cooperative—was created; in the other cases, local 
governance arrangements already existed when 
the community-based rangeland management 
interventions began.  In all five cases, however, the 
external agent(s) implemented activities to build 
governance capacity, in some cases helping the 
community to revise the organizational structure, 
and supported technical rangeland management 

interventions that were undertaken either by, or 
in consultation with, the community governance 
organizations.  Whereas the approaches used by the 
development organizations were broadly similar, 
differences in the challenges faced, outcomes, 
and the broader social-ecological context were 
more obvious.  While the ability of community-
based rangeland management to produce positive 
environmental outcomes was evident in these 
cases, so too was the challenge of maintaining 
rangeland management plans and rules when 
outsiders would bring their herds into the area.  
In fact, success in rangeland management itself 
attracted this problem.  
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The social-ecological context for the Shompole-
Olkiramatian case is characterized by the relative 
ethnic homogeneity of the larger landscape within 
which it is set, which helps to limit conflict, and 
the relatively secure land tenure.  This is also 
the most circumscribed of our five cases:  if the 
two group ranches are considered together as 
a unit, they are partly insulated from the wider 
landscape by an escarpment, the Magadi salt flats, 
and an international boundary. The successful 
management of grass bank reserves does attract 
other herders into the area, leading to disputes, but 
the geography of these two group ranches limits 
this problem.

The broader social-ecological context for Chenini 
is characterized by an intermediate level of both 
social heterogeneity and circumscription:  the wider 
landscape has two ethnic groups, and Chenini is 
partly circumscribed by mountains on one side but 
being quite open on the other side. As with the two 
Kenyan cases, the success of the approach attracted 
the intrusion of some neighbouring pastoralists.  
However, the Tunisian Union of Agriculture and 
Fishing, of which community members are a 
part, plays an important role in intercommunity 
dialogue and dispute resolution.  By virtue of 
being a representative civil society organization 
while also having strong connections with and 
support from government, the union has high level 
of legitimacy, and intercommunity disagreements 
over grazing are almost always resolved without 
major conflicts.  

For the Naniga Dera case, cooperatives were 
established at kebele level (the lowest administrative 
level in Ethiopia).  The community is set within 
the Bale Mountains ecoregion, in which some 
families have people living at locations at different 
altitudes with herds of livestock being moved 
seasonally between highland and lowland areas, 
and herders from different kebeles traditionally 
moving their herds to each other’s areas at certain 
times of the year.  Because the approach taken 
by the project was geographically-limited by 
administrative boundaries (kebeles), rather than 
a broader landscape approach that included the 
full territory used by herders, the establishment of 
kebele level rules and regulations upset traditional 
reciprocal arrangements between Naniga Dera and 
neighbouring communities.  Relations between 
Naniga Dera and neighbouring communities 
started breaking down.

For the Dirre case, the wider landscape where it 

is situated, while biophysically heterogeneous, 
ethnically is quite homogeneous, being dominated 
by ethnic Borana pastoralists throughout.  While 
Borana customary institutions on which the 
approach is based are still influential, collective land 
and resource management rights are susceptible to 
being overruled, ignored and contested because 
of lack of state recognition.  Unclear allocation 
of governance powers among different centres of 
authority has hampered decision-making.

The challenge of excluding herders from other 
places or getting them to follow local grazing 
rules was most critical for Il’Ngwesi, where the 
difficulty of exclusion and of implementation and 
enforcement of collective property rights escalated 
to the point of violent conflict, despite the formal 
security of tenure that the group ranch status 
provides. A key feature of the context for this case 
is that the larger landscape is a vast heterogeneous 
rangeland landscape that is home to multiple 
pastoralist ethnic groups.  Some other pastoralist 
groups in the area have a history of long-distance 
migration to access resources throughout the 
area when conditions require.  With the droughts 
of 2015 and 2017, large numbers of livestock 
were trekked into Il’Ngwesi and other parts of 
Laikipia County.  There was violent conflict 
and loss of lives, and reserved grass banks were 
decimated.  This resulted in much of the benefits 
of the community’s rangeland management efforts 
going to others, which has somewhat dampened 
the enthusiasm of community members for these 
rangeland management activities.  

Discussion
Previous scholarship on pastoralism has given 
less attention to more local social and physical 
landscape characteristics.  Although the relative 
circumscription of the landscape was not included 
among the contextual characteristics in our 
case study protocol, it emerged as particularly 
important shaping what kinds of governance 
and management arrangements are possible.  
Shompole-Olkiramatian is the most circumscribed 
of our five cases and is also the case for which 
conventional principles of CBNRM have been 
implemented with the fewest difficulties. Although 
they have been quite successful in their rangeland 
management and have not experienced difficulties 
related to mobility, conflict and resource sharing 
to the same extent as some of the other cases, 
their success derives not only from the details 
of the approach that was implemented but 



897

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

also from their particular context.  In contrast, 
the other cases all exist within larger and less 
circumscribed landscapes.  These findings echo 
recent literature suggesting that circumscription of 
the pastoral territory is a key factor contributing 
to the emergence of common property systems 
rather than open property regimes (Moritz et 
al. 2019).  A conventional CBNRM approach 
in which the central premise of the strategy 
is to have clearly defined communities each 
managing their own clearly defined territory will 
tend to be more effective in a setting like that of 
Shompole and Olkiramatian where the physical 
and political landscape reinforces communities’ 
external boundaries than it will be in larger, more 
open rangeland landscapes.  What these cases do 
suggest, however, is that interventions are needed 
at multiple levels.  Local level decision-making 
must be nested within processes of negotiation, 
joint-planning or shared rules at the scale of the 
larger landscape. 

Two key challenges cut across our five cases, 
with one or both of the challenges being faced 
in some measure by every one of the local 
community rangeland management organizations.  
The first challenge arose from the organization’s 
relationship horizontally to communities and 
herders from elsewhere in the larger landscape, 
and the second from its relationship vertically 

to government.  These challenges were 
reduced where the community’s territory was 
circumscribed by some combination of physical 
landscape features, other land uses, and major 
political borders in a way that restricts migration of 
herds, confirming conclusions reached by Moritz 
and co-authors (2019).  Without such landscape 
features, the design principle of clearly defined 
rights to a clearly defined piece of land belonging 
to a clearly defined community is difficult to 
implement in any straightforward way.  In pastoral 
rangeland contexts where with the spatio-temporal 
variability, mobility and the openness of the 
landscapes are greatest, conventional community-
based approaches need substantial modification to 
be effective. We conclude that where such barriers 
are lacking, initiatives to support participatory 
rangeland management by pastoralist communities 
must explicitly involve negotiation, planning and 
management at multiple levels.
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Abstract
Traditional pastoral existence in Africa has always necessitated close, sustainable interaction with a harsh 
natural environment. Pastoralists, such as the indigenous Parakuyo Maasai of Tanzania traditionally 
depend on fresh cow’s milk as a staple. They are among the few African ethnic groups that still live 
as small, socially intact associations close to nature. Unfortunately, fresh milk is difficult to store and 
inevitably, times of plenty fluctuate with the times of hunger that threaten cultural retreat. Milk storage 
is particularly challenging in an arid climate without refrigeration and at such times, survival takes 
precedence over prosperity. We describe an ongoing pilot project that has attempted to address these 
hardships, facilitate traditional subsistence and the economic autonomy of the Parakuyo Maasai. We 
proposed that a simple solution is cheese production. The “Maasai-cheese” project (www.vsf.at) was 
implemented in 2011 and instructs sustainable cheese production on the Maasai boma using locally 
sourced assets, combining Austrian experience of cheese production with Maasai experience of arid 
dairy farming. Anticipated gains for the Maasai are becoming realised: (i) Family incomes can be 
assured during hardship. During the dry season Zebu cattle do not produce enough milk that can be sold 
or exchanged. However, cheese produced and matured earlier can be sold at this time; (ii) Antibiotic 
abuse in cattle can be drastically decreased. When cheese is a valuable commodity there is a strong 
disincentive to treat cattle with antibiotics, which prevent fermentation. (iii) Cheese is a sought-after 
commodity in Africa. This pilot initiative is being well received as the demand for cheese in Africa is 
enormous. In particular, technical know-how has been a limiting factor until now.

Introduction
Pastoralism – extensive livestock production in 
rangelands – is one of the most sustainable food 
systems on the planet. It plays a major role in 
safeguarding natural capital across a quarter of the 
world’s land area. Traditional pastoral existence in 
Africa has always necessitated close, sustainable 
interaction with a harsh natural environment.

Maasai are among the few African ethnic groups 
that still live as small, socially intact associations 
close to nature. Their life-style thereby places 
great value on cattle, land for grazing and excess 
milk that may be exchanged for other goods. 
Milk and fermented milk products remain their 
main sources of nourishment. Today for the 
Maasai milk has become a marketable commodity 
that contributes to their regular family income. 
However, milk storage is particularly challenging 
in an arid climate without refrigeration (Schoder 
et al. 2013).

Over the past decade the political establishment 
has been able to incorporate a negative stereotype 
of pastoralists. Today pastoralists, such as 

the Maasai, are seen to be environmentally 
destructive, sources of animal diseases, enemies 
of wild life and practitioners of economically 
unviable lifestyles. Increasingly, the Maasai are 
becoming victims of land conflicts and are being 
made up their traditional lives and move to the 
cities for day-paid jobs. This principally satisfies 
the economic interests of investors, who buy land 
to mine gold in the form of large areas that can be 
used as commercial hunting grounds or large-scale 
farms (McGahey et al. 2014).

Materials and Methods
We describe an ongoing pilot project that has 
attempted to address these hardships, facilitate 
traditional subsistence and the economic autonomy 
of the Parakuyo Maasai. We propose that one 
simple solution might be cheese production.

The “Maasai-cheese” project (www.vsf.at) was 
successfully implemented in the Tanzanian 
homeland of the Maasai (Fig. 1) in 2011. It instructs 
sustainable cheese production on the Maasai boma 
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using locally sourced assets, combining Austrian 
experience of cheese production with Maasai 
experience of arid dairy farming.

Study area
Tanzania has a total land area of 945,000 km². Only 
100,000 km² (9.5 %) are arable, of which 51,000 
km² (4.8 % of total land area) are cultivated. 
The residual area is almost exclusively used for 
livestock grazing under extensive pastoral and 
agro-pastoral systems (The Tanzania Government 
Portal 2013). The study area falls within the 
Maasai homeland, with latitudes from 01°00 to 
08°15′S and longitudes from 34°45′ to 38°15′E. 
It comprises the following eight regions and 13 
districts: Arusha region (Monduli and Ngorongoro 
districts), Iringa region (Iringa rural district); 
Kilimanjaro region (same district); Manyara 
region (Kiteto and Simanjiro districts); Morogoro 
region (Kilosa and Mvomero districts); Mbeya 
region (Mbarali district); Pwani region (Bagamoyo 
district) and Tanga region (Handeni, Kilindi 
and Lushoto districts) as indicated in Figure 1. 
A total of 24 Maasai villages were visited. The 
study area covers 13,486 km2, of which 8,141 
km2 (60.3 %) are plains. The major mountainous 
territories include the Eastern Arc Mountains, 
namely the East and West Usambara and the 
Nguu Mountains (Tanga region); the North and 
South Pare Mountains (Kilimanjaro region); the 
Nguru, Uluguru, Ukaguru, Udzungwa, Malundwe, 
Mahenge and Rubeho Mountains (Morogoro 
region); and the Udzungwa Mountains (Iringa 
region), covering a total area of approximately 
5,350 km2, or about 39 % of the total land in the 

Figure 1: Tanzanian homeland of the Maasai

study area (UNESCO, 2016). The altitude of the 
study area (excluding mountain peaks) ranges 
from 267.3 m in Lugoba village (Pwani region) to 
2,184 m in Enguserosambu village (Ngorongoro 
district, Arusha region; DAFT LOGIC (2016). The 
climate varies greatly within Tanzania. According 
to metrological data, the distribution of rainfall 
in the project area is both unimodal (central 
parts of the study area comprising the Manyara 
region) and bimodal (northern parts and coastal 
areas, comprising the Arusha, Kilimanjaro, Tanga 
and Pwani regions). In the areas of unimodal 
rainfall, the rainy season extends from December 
to April with peak rainfall during March and 
April (188.5 mm), whereas the bimodal areas are 
characterized by long rains (known as Masika in 
Swahili) lasting from March to May and ranging 
from 140 to 255 mm, with peak rainfall in April, 
and short rains (known as Vuli in Swahili) from 
October to December, peaking at 125 mm in 
November. The maximum mean temperatures 
range from 23 °C to 31 °C, peaking in February, 
and the minimum mean temperatures range from 
10 °C to 23 °C, the lowest in July (Sarwatt and 
Mollel 2006).

Results
Anticipated gains for the Maasai are becoming 
realised. These can be grouped as follows:

i) Family income increases significantly and 
can be assured during hardship: During 
the dry season Zebu cattle do not produce 
enough milk that can be sold or exchanged. 
Cheese produced and matured earlier can 
be sold at this time.

ii) Antibiotic abuse in cattle can be 
drastically decreased: Cheese has become 
a valuable commodity and there is a strong 
disincentive to treat cattle with antibiotics, 
which prevent fermentation.

iii) Cheese is a sought-after commodity in 
Africa: his pilot initiative is being well 
received as the demand for cheese in 
Africa is enormous.

Discussion
We are encouraged that projects of this nature 
may continue to support and reintegrate traditional 
African cultures sustainably, without handouts, 
and foster fair use of natural resources.
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Abstract
Excellent glossaries on rangelands and grasslands have been developed by the Society for Range 
Management (SRM), the International Grassland Congress (IGC) and the International Rangeland 
Congress (IRC). However, these are largely confined to biophysical and technical terminology and 
contain very few concepts referring to social, institutional and policy aspects of using rangelands and 
grasslands. After the 10th IRC in Saskatoon, Canada, in 2016, an informal group started to develop a 
glossary of such “people-focused” terms. The short and non-academic definitions are meant to improve 
communication and understanding by users/practitioners in rangeland and grassland management, 
policymakers, teachers, students, journalists and the general public. 

The glossary focuses on terms in common international use in rangeland management and includes 
terminology referring to rangelands/grasslands users (e.g. pastoralists, agropastoralists, hunters and 
gatherers) and to how they organise the use and management of rangeland resources (e.g. common 
property rights, resource access rights, herding contracts, transhumance and other forms of mobility). 
More general terms in social sciences are not included, as the debates about their meanings are well 
covered in the conventional social science literature. Thus far, the glossary is in English only. It is 
hoped that people working on rangelands and pastoralism in other countries will translate it into other 
languages and adapt it with area- and language-specific terminology. 

The definitions in the glossary are intended to fill an existing gap relatively quickly. Previous experience 
of the SRM, IRC and IGC showed that developing a comprehensive glossary takes several years. The 
current version of the glossary will doubtless be revised when a more systematic effort is made to define 
socio-institutional terms related to rangelands and grasslands. In any case, further revisions will be made 
as concepts evolve and new ones arise, as was the case with the technical glossaries of the SRM, IGC 
and IRC.

Introduction
Almost a decade ago, the Forage and Grazing 
Terminology Committee made up of members of 
the Society for Range Management (SRM), the 
International Grassland Congress (IGC) and the 
International Rangeland Congress (IRC) brought 
out an “International terminology on grazing lands 
and grazing animals” (Allen et al 2011). Members 
of the same committee later set up a web-based 
SRM glossary (https://globalrangelands.org/
glossary/P?term=), which is updated periodically. 

These two glossaries are quite technical and based 
on concepts of “Western” range science. The terms 
refer primarily to vegetation, animals, physical 
aspects of the land, and techniques for managing 
livestock and land. The glossaries give little or no 

attention to the people and institutions managing 
and governing the use of the land and animals. 
Practitioners and policymakers who want to 
comprehend processes of range management need 
to have a clear understanding of the concepts that 
refer to the people who undertake these processes, 
i.e. the social and institutional terminology. 

In 2008, in the lead-up to the joint IGC and IRC in 
Hohhot, Inner Mongolia, Irene Bain from the Ford 
Foundation initiated the preparation of a bilingual 
(English and Chinese) booklet People and policy 
in rangeland management: a glossary of key 
concepts, which was distributed to all congress 
participants. This booklet provided a starting point 
for a glossary on people-focused terms, but the 

https://globalrangelands.org/glossary/P?term=
https://globalrangelands.org/glossary/P?term=
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print-run was small and the booklet is no longer 
available in print or on the Web. Only 25 concepts 
were explained, each in considerable detail in a 
chapter of several pages.

At the IRC 2016 in Saskatoon, Canada, a committee 
was set up to campaign for an International Year 
of Rangelands and Pastoralists (IYRP). Some 
members of the committee – now called the IYRP 
International Support Group (ISG) – formed a 
small group to develop a new glossary of a much 
larger number of people-focused terms than found 
in the Ford Foundation booklet. However, the 
definitions were to be much shorter – in the style 
of the glossary by Allen et al (2011) and the SRM 
glossary – with a few more complicated concepts 
explained in somewhat greater length in boxes. 

In 2017–19, some initial attempts to explore the 
diversity of terminology about rangelands and 
pastoralism were made during the study mandated 
by the United Nations Environment Programme 
(UNEP) into gaps in data and information about 
pastoralism and rangelands (Johnsen et al 2019). 
This revealed an immense variety of definitions 
and usages of English terminology across regions 
of the world and also quite some ambiguity and 
inconsistency in the use of certain terms, including 
“pastoralist”. The UNEP study called for a global 
assessment of rangelands and pastoralism that 
would include clarification of terminology and 
definitions, in order to make future data collection 
more efficient and comparable.

Already in 2017, such a glossary was started by a 
small informal group, which includes some of the 
authors of the UNEP study. This group calls itself 
the “Social Terminology Core Team” (“Core Team” 
for short in this paper). Under the coordination of 
the President of the IRC, the glossary is meant to 
fill the gap until a formal assessment process can 
be set up, which could take several years.

Aim and intended users

The aim of this glossary is to collect and define 
terms referring to social, economic, institutional 
and policy aspects of pastoralism and rangeland 
use and management so as to shed light on how 
these terms are generally used.

The definitions are intended primarily to clarify the 
terms for practitioners – including pastoralists – and 
policymakers in governmental and development 
organisations working in rangelands, contributors 
to and editors of journals related to agriculture and 

ecology, and teachers and students of biophysical 
and ecological sciences in institutions of higher 
learning. The glossary could also be useful for 
journalists and interested members of the general 
public.

English is the most common language used in 
international meetings and publications about 
rangelands and pastoralism, although most 
participants/authors working in rangeland 
science and practice are not native speakers of 
English. Thus, the glossary is meant to be a tool 
to improve communication and understanding in 
these settings. It could also be useful for people 
from English-speaking countries that are “divided 
by a common language”, such as Australia and 
the USA, which have quite different words for 
similar concepts. Clear definitions of socio-
institutional terms would also facilitate the work 
in international and interdisciplinary research 
projects and programmes. 

Therefore, in compiling this glossary, the Core 
Team considered terms in the English language 
only, but including English terms that refer 
to people, institutions and policies related to 
rangelands in several parts of the world, ranging 
from the poles to the tropics. The Core Team hopes 
that people working on rangelands and pastoralism 
in other countries will translate this English 
glossary into other languages and adapt it to the 
concepts in their respective regions and cultures, 
adding appropriate country-specific terms.

Methodology
The Core Team of five persons from Australia, 
Germany, Kenya, Mongolia and Norway works 
directly on formulating the definitions in the 
glossary. A wider group of advisors from Australia, 
Canada, France, Italy, UK and USA suggested 
and helped select the terms to be included in the 
glossary. These advisors are peer reviewing the 
definitions. 

The Core Team defined the scope of the glossary 
to encompass social, economic, institutional and 
policy-related terms that refer specifically to 
pastoralism and rangeland management and are 
in common international use. It agreed to include 
terms referring to rangeland users (e.g. pastoralists, 
agropastoralists, hunters and gatherers) and to 
how they organise the use and management of 
rangeland resources (e.g. common property rights, 
land tenure and resource access rights, herding 
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contracts, governance institutions, transhumance 
and other forms of mobility).

Not included are terms referring to techniques 
of land and livestock management/husbandry, as 
these are already covered in the existing SRM 
glossaries. More general terms from the disciplines 
of sociology, anthropology, ethnography etc 
are also not included, as the debates about their 
meanings are well covered in the conventional 
social science literature. If the Core Team does 
include and define a more general term from these 
disciplines, then it specifies the term’s relevance 
with regard to pastoralism and rangelands. The 
team agreed to try to formulate the definitions 
so that they could be understood by people not 
specialised in the social sciences.

After agreeing on the criteria for selecting terms to 
be included in the glossary of social terminology, 
the Core Team clustered the terms into themes and, 
within each theme, clustered related terms under 
subheadings, similar to the hierarchy of terms in 
the glossary by Allen et al (2011). The Core Team 
members then divided up responsibility for finding 
or formulating the preliminary definitions of terms 
under each theme. They identified and reviewed 
numerous publications that defined or explained 
the selected terms. Where an existing definition 
was used in its original form or was only slightly 
edited by the Core Team, the source is cited. 
Where no citation is given for a term, this means 
that the term was defined by one or more members 
of the Core Team, including formulations and 
edits offered by the advisory group as well as ideas 
drawn from several sources in the literature. All 
sources consulted are listed in the bibliography at 
the end of the glossary. 

During the process of defining the selected terms, 
some other terms were recognised as important 
and were included in the list; some terms were 
combined and some were dropped because they 
were too country-specific or seldom used today. 
The team also came across some terms that did 
not contribute to clear communication or even led 
to miscommunication; it lists these “contentious 
terms” in an appendix with an explanation as to 
why their use should be handled with care.

Most term descriptors are 40–80 words long. In 
the case of terms that are particularly complex and 
vary in their interpretation in different countries, 

a longer discussion of the term is given in a 
box. The Core Team decided not to attempt to 
specify only one term that should be used for a 
particular concept worldwide. Instead, it wants to 
help people living and working in the rangelands 
to understand the diversity of terms used, and 
also understand how people in the rangelands 
see and name themselves.  The objective of this 
exercise is to clarify meanings of terms so as to 
harmonise rather than standardise, thus allowing 
for contextual complexity. This can sometimes 
mean that a term (such as “pastoralist”) is given a 
basic definition that could be applied universally, 
and cultural differentiations are mentioned in a 
box.

The members of the Core Team shared their 
definitions and discussed them in several virtual 
meetings until they reached agreement on the 
definitions. These were sent to members of the 
advisory group; in most cases, a particular subset 
of terms, e.g. on land tenure, was reviewed by a 
member of the advisory team specialised in that 
field.

Discussion

Status of the glossary

At the time of writing this paper (nine months be-
fore the Joint IGC/IRC in Kenya in October 2021), 
the Core Team has defined over 60 terms as de-
scribed above, about 45 of which have been re-
viewed by one or more members of the advisory 
team. About 20–30 terms are still being defined. 
Longer boxes have been drafted for such terms as 
“pastoralist”, “pastoralist institution”, “indigenous 
peoples” (whereby it is recognised that some pas-
toralists do not identify as indigenous peoples) and 
the multifaceted concept of agroecology (science, 
movement and practice) as related to pastoralism.

The group hopes to publish the glossary of social 
terminology shortly after the Joint IGC/IRC in late 
2021. It will also seek to integrate the social terms 
with the technical terms in the above-mentioned 
web-based SRM glossary. As already mentioned, 
the intention is to fill relatively quickly an existing 
gap in definitions of people-focused terms about 
pastoralism and rangelands. Previous experience 
of the SRM, IRC and IGC has shown that develop-
ing a comprehensive glossary takes several years. 
The current version of the glossary will doubtless 
be revised if a global assessment of rangelands 
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and pastoralism is indeed launched, in which case 
a more systematic effort will be made to define 
socio-institutional terms. In any case, still further 
revisions will need to be made as concepts evolve 
and new ones arise, as was the case with the tech-
nical glossaries of the SRM, IGC and IRC.

In the years building up to the International Year 
of Rangelands and Pastoralists in 2026, the IYRP 
International Support Group hopes that the glos-
sary will help improve communication and out-
reach about rangelands and pastoralists world-
wide. Some of the regional support groups being 
formed to support the IYRP campaign and to plan 
and implement activities in their respective re-
gions (e.g. the one in Latin America) have already 
started to develop translations of the English terms 

and will be able to enrich the glossary in their own 
languages.
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Abstract
The indigenous Parakuyo Maasai communities of Tanzania are traditional pastoralists who depend on 
fresh cow’s milk as a staple food. However, the arid climate and a lack of clean water challenge milk 
production and conventional milk hygiene practices. By conducting informational interviews in eight 
Parakuyo Maasai regions and 13 districts of Tanzania we sought to identify the key indigenous plants 
preferred and establish their traditional manner of use. A semi-structured questionnaire was designed to: 
(i) determine the plants used, (ii) the parts used, (iii) methods of preparation and utensil smoking, (iv) 
therapeutic applications and associated health benefits of these plants, and (v) alternative uses; that may 
suggest why they are used and preferred.

Twenty plants were identified as being the most valuable, comprising predominantly hard wood trees and 
shrubs with strong aromas and astringent tastes suggestive of a role played by secondary metabolites. 
The most frequently mentioned plants, in order of preference, were: Zanthoxylum chalybeum (prickly 
ash; overall preference 26.6 %), Olea europaea subsp. africana (African wild olive; 11.9 %), Combretum 
molle (velvet bush willow; 11.4 %), Cordia ovalis/monoica (satin saucer berry; 9.5 %) and C. sinensis 
(oldoroko; 7.3 %). Many of these plants are also used medicinally by these pastoralists for a variety 
of infectious diseases, suggesting possible antimicrobial properties. Plant choices also tended to vary 
by local geography and the purpose to which the calabashes were assigned, e.g. old or new calabashes 
and milk stored for children or mothers. Nevertheless, the expertise of selecting these plants and their 
innovative applications is transmitted solely by the oral tradition.

Further, climatic change is adversely affecting herbaceous habitats in these regions and inter-tribal 
territorial strife and land-grabs necessitate that the pastoralists remain nomadic. Unless we document 
and attempt to understand this old indigenous and sustainable hygiene know-how, it may be too late.

Introduction
The Maasai are an ethnic group of Nilotic, semi-
nomadic people who inhabit southern Kenya and 
parts of Tanzania. The total Maasai population is 
1.6 million, comprising 800,000 in Tanzania and 
841,000 in Kenya (Spear and Waller 1993). They 
stem from Loikop pastoralists who originally 
migrated from southern Sudan into the East African 
Rift Valley and developed a specialized form of 
pastoralism and an ageset social system. The 
term Maasai refers to “one who speaks the Maa 
language”, a member of the East Nilotic branch of 
the Nilo-Saharan language family (Ehret, 1984). 
Indigenous Tanzanian Maasai communities farm 
cattle and have adapted to fresh cow’s milk as a 
staple food (Schoder et al., 2013). They intimately 

relate to their environment and depend directly on 
nature for basics, such as firewood, construction 
materials, weapons and water for themselves and 
their livestock. However, the hot, arid climate 
and scarcity of clean drinking water challenges 
milk production and precludes conventional milk 
hygiene practices. Instead, the Maasai store milk 
in hollowed-out, naturally occurring calabashes 
made from Lagenaria siceraria (bottle gourd), 
which they sanitize with smoke from burning 
plants. Remarkably these practices safeguard 
their milk, despite high temperatures. The hygiene 
know-how is transmitted across generations in the 
oral tradition. However, as more and more of the 
younger generation is moving to the cities, the 
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expertise is endangered. Further, cross-culture 
integration, milk commercialization, climate 
change and political pressure to vacate land and 
move to other habitats pose serious challenges to 
the continuity of the skill (Goldman, 2013). While 
it is intriguing that smoke treatment protects milk 
without the need for clean water, little has been 
written about the details or the plants employed. 
As increasing demands are placed upon the 
pastoralists’ habitats and unique way of life, it is 
important to record the plant species used, which 
may be endangered, and to discover more about 
alternative milk hygiene practices in extreme 
environments. We sought to learn more about 
this sustainable innovation using local plants by 
querying the pastoralists themselves.

Materials and Methods
Study area

Tanzania has a total land area of 945,000 km². Only 
100,000 km² (9.5 %) are arable, of which 51,000 
km² (4.8 % of total land area) are cultivated. 
The residual area is almost exclusively used for 
livestock grazing under extensive pastoral and 
agro-pastoral systems (The Tanzania Government 
Portal, 2013). The study area falls within the 
Maasai homeland, with latitudes from 01°00 to 
08°15′S and longitudes from 34°45′ to 38°15′E. 
It comprises the following eight regions and 13 
districts: Arusha region (Monduli and Ngorongoro 
districts), Iringa region (Iringa rural district); 
Kilimanjaro region (same district); Manyara 
region (Kiteto and Simanjiro districts); Morogoro 
region (Kilosa and Mvomero districts); Mbeya 
region (Mbarali district); Pwani region (Bagamoyo 
district) and Tanga region (Handeni, Kilindi and 
Lushoto districts). A total of 24 Maasai villages 
were visited. The study area covers 13,486 km2, of 
which 8,141 km2 (60.3 %) are plains. The major 
mountainous territories include the Eastern Arc 
Mountains, namely the East and West Usambara 
and the Nguu Mountains (Tanga region); the North 
and South Pare Mountains (Kilimanjaro region); the 
Nguru, Uluguru, Ukaguru, Udzungwa, Malundwe, 
Mahenge and Rubeho Mountains (Morogoro 
region); and the Udzungwa Mountains (Iringa 
region), covering a total area of approximately 
5,350 km2, or about 39 % of the total land in the 
study area (UNESCO, 2016). The altitude of the 
study area (excluding mountain peaks) ranges 
from 267.3 m in Lugoba village (Pwani region) to 
2,184 m in Enguserosambu village (Ngorongoro 

district, Arusha region; DAFT LOGIC 2016). The 
climate varies greatly within Tanzania. According 
to metrological data, the distribution of rainfall 
in the project area is both unimodal (central 
parts of the study area comprising the Manyara 
region) and bimodal (northern parts and coastal 
areas, comprising the Arusha, Kilimanjaro, Tanga 
and Pwani regions). In the areas of unimodal 
rainfall, the rainy season extends from December 
to April with peak rainfall during March and 
April (188.5 mm), whereas the bimodal areas are 
characterized by long rains (known as Masika in 
Swahili) lasting from March to May and ranging 
from 140 to 255 mm, with peak rainfall in April, 
and short rains (known as Vuli in Swahili) from 
October to December, peaking at 125 mm in 
November. The maximum mean temperatures 
range from 23 °C to 31 °C, peaking in February, 
and the minimum mean temperatures range from 
10 °C to 23 °C, the lowest in July (Sarwatt and 
Mollel, 2006).

Data collection methods

Information was collected by conducting semi-
structured interviews, focus group discussions, 
direct observations and field-walk photography. 
Participants were local inhabitants, of whom 
thirty key informants (knowledgeable elders 
and traditional leaders) were systematically 
sought on the recommendations of community 
members. Most of the respondents were known 
to the interviewer through past projects and 
social networks, had shown interest in this project 
and were open to technical advice and support. 
Interviews and discussions were undertaken 
using a checklist consisting of 20 questions 
prepared in English and translated into Maa 
and Swahili. The questionnaire was designed to 
(i) elicit information on the local names of the 
plants used for smoke-treating milk calabashes, 
(ii) determine the parts of the plants used, (iii) 
establish the methods of plant preparation and 
smoking, (iv) verify additional applications and 
associated health benefits of the plants and (v) 
determine any other uses in Maasai households. 
All interviews and discussions were performed 
by the first author. Responses to the questions 
were recorded on paper. Focus group discussions 
were held in each village following interviews. 
Participants in the group discussions (eight to 
twelve per group) were selected in consultation 
with pastoral associations and local authorities. 
The focus groups presented the opportunity for 
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members to point out or describe the plants they 
use, to show where they grow and to demonstrate 
which parts are collected and exactly how they are 
employed. Focus discussions lasted between 45 
and 90 minutes. Plant preference was determined 
by ranking the proportion of respondents who 
mentioned the plant as first, second, third or fourth 
preference. Field observations were performed 
in the presence of key informants and traditional 
healers. The collection of plant parts usually took 
one hour. In some cases where plants were not 
easily found, a second visit was made. If necessary, 
field visits to communities were repeated to secure 
the information over the course of the study period 
(Laffa et al., 2017).

Specimen collection and identification

Preliminary botanical identification was 
performed on-site during field walks. Investigators 
photographed the plants, recorded their 
organoleptic characteristics and collected fresh 
specimens, including inflorescences, leaves, bark 
and stems from each study area (Laffa et al., 2017). 
Plants were formally identified with reference to 
taxonomic keys of the CRC World Dictionary of 
Medicinal and Poisonous Plants (Quattrocchi, 
2012) and ethnobotanical literature (Kokwaro, 
1993; Hurskainen 1994; Maundu et al., 1999, 
2001; Minja, 1999) and with the help of personnel 
from the Olmotonyi Forest Training Institutes. 
Plant species were grouped into families together 
with local, English and scientific names.

Results
Plants preferred by respondents for calabash 
smoke treatment

A total of 120 Maasai pastoralists (68 women and 
52 men) were interviewed using a semi-structured 
questionnaire. The informants were aged between 
25 and 80 years, with a median age of 40. Twenty 
principal plants were identified that are used 
by Maasai pastoralists for smoke-treating milk 
calabashes.

Respondents generally claimed that plant smoke 
improves the keeping qualities of their milk, that 
milk stored in this way keeps fresh for longer 
and that the smoke contributes to its flavour 
and improves fermentation. The knob tree 
(Zanthoxylum chalybeum), also called pricky 
ash, ranked as a preferred plant for almost all 
the pastoralist communities interviewed. It was 
mentioned by 26.6 % of all respondents, for 

58.3 % of whom it was the first choice and for 
28.3 % of whom the second choice. The second 
preferred plant was the African wild olive (Olea 
europaea subsp. africana), which was the first 
choice of 21.7 % of respondents and had an overall 
preference of 11.9 %. Interestingly, the African 
wild olive was the first preferred plant by the Loita 
and Irkisongo Maasai in the Arusha and Manyara 
regions. The third preferred plant was the velvet 
bush willow (Combretum molle), also known by 
the Maasai as Olmaroroi. At 30.8 %, the velvet 
bush willow scored high for second preference 
and had an overall preference of 11.4 %; although 
it was first choice for only 4.2 % of respondents. 
The fourth preferred plant was the satin saucer 
berry (Cordia ovalis/ Cordia monoica) with an 
overall preference of 9.5 % and a first preference 
of 4.2 %. The fifth preferred plant was Oldoroko 
– greyleaved saucer berry (Cordia sinensis), with 
the same first preference of 4.2 %, a higher second 
preference of 15 % but an overall preference of 
only 7.3 %. Whereas some plants are preferred in 
particular regions, they may be considered mere 
substitutes in other locations. Some plants are 
used solely by niche communities, notably Esitati 
(Grewia bicolar), which is used for calabashes by 
the Irkisongo Maasai in Kiteto but is renowned 
for making herding sticks by all the Maasai 
communities (Laffa et al. 2017).

Respondents recounted that when they explore 
new habitats they continuously search for and 
recruit candidate plants for calabashes, especially 
when previous favourites are scarce or no longer 
available. An example is Olerehaki (Monotes 
africanus), the name being the Maasai word 
for “the newly found”. This plant was recently 
recruited for smoke-treating milk calabashes by 
the Irkisongo and Parakuyo Maasai pastoralists 
in the Kiteto district. Respondents also indicated 
that different plants can be used to treat new 
and used calabashes, or calabashes intended for 
specific genders or age groups. For example, 
milk calabashes for children and nursing/lactating 
women are commonly treated with African wild 
olive, in the case of the Loita Maasai, or Knob tree, 
in the case of the Parakuyo Maasai. Generally, the 
pastoralists reported that their favoured plants 
have very hard wood, strong aromas and astringent 
tastes. Apart from its use for smoking calabashes, 
the wood is also used for construction, as firewood 
and medicinally (Laffa et al., 2017).

The plants identified during the study are highly 
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valued for other purposes. The African wild 
olive (Olea europaea ssp. africana), for instance, 
has broad therapeutic applications. The smoke 
is highly valued and its therapeutic indications 
include respiratory and gastrointestinal disorders. 
Smoketreated milk is recommended for pregnant 
and nursing women, where it is believed to 
promote milk production and the general health 
of both mothers and babies. Respondents also 
reported that it is customary for Maasai women in 
Enguserosambu village to collect olive firewood 
for burning in their huts for health reasons during 
their first postnatal month. The roots are also used 
as an important constituent of a soup consumed 
during a male-only ritual cleansing or Orpuli 
ceremony, a meat-feasting ritual lasting several 
weeks. During these ceremonies, roots of the 
African wild olive and other plants are boiled with 
meat and consumed for general body fitness (Laffa 
et al. 2017).

Discussion
Maasai pastoralists use twenty plant species to 
smoke-treat milk storage calabashes and they claim 
this procedure enhances milk life and improves its 
physicochemical properties and sensory appeal. 
These plants are preferred and when they are 
not available pastoralists continually search for 
others. Maasai communities in Tanzania prefer 
knob wood, African wild olive and velvet bush 
willow in this order. These and other plants used 
frequently have other beneficial uses that have 
been substantiated by ethnobotanists. Applications 
apart from milk hygiene include treatments 
for infectious diseases, which make the plants 
valuable, renewable resources, so their habitats 
should be protected.
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Abstract
In pastoral systems of Kenya, sale of small ruminants is the main regular income source for most 
households. Although the meat of small ruminants produced in Marsabit county is preferred in the 
domestic market, no mechanisms are in place that allow for a respective price differentiation. Establishing 
value chains for labelled sheep and goat meat would be an option to allow pastoralists to profit from their 
high process and product quality. The aim of the current study is to assess the requirements and feasibility 
to establish a value chain for labelled products (e.g. origin labelled, organic certified) together with the 
primary and secondary actors in small ruminant supply chain among the Rendille pastoralists in Marsabit 
county. Overall, 28 group discussions with four Rendille women income-generating community groups 
and 21 interviews with other relevant stakeholders were conducted. The results show that pastoralists’ 
production is largely compatible with organic standards as livestock is fed on naturally growing fodder 
with no chemicals applied, and herding allows for animals’ natural behaviour. However, a number of 
challenges hamper organic certification. These include practice of ear notching and castrations without 
anaesthesia and/or analgesia, supplementary feeding of home-based animals with non-organic feeds 
during drought, ad-hoc application of veterinary drugs, challenges in record keeping and traceability 
systems and financial difficulties to undertake internal control and monitoring due to the extensive nature 
of the production area. Improvement of veterinary infrastructure, innovative record keeping systems for 
illiterate producers, and further market studies to ascertain demand are recommended. While organic 
certification is desirable, geographical indication labelling is a feasible starting point that would allow 
entry into higher priced markets as hurdles to organic certification are addressed.
Introduction
Sale of small ruminants is the main regular income 
source for more than 2/3 of pastoralist households 
in northern Kenya (Chantarat et al. 2013). Pastoral 
communities raise their livestock on communal 
land with livestock production as the economic 
and cultural center of life (Degen, 2007). Despite 
the importance of pastoral livestock marketing, 
the current livestock trade is not profitable for 
pastoralists and local traders. Most of the sheep 
and goats are sold in undifferentiated commodity 
markets, characterized by highly volatile prices 
(Roba et al., 2018). Hence the local traders have 
no direct links to end buyers, so that they lack 
information on demanded qualities and quantities 
(Bailey et al., 1999; Roba et al., 2018). Although 
the small ruminants produced in Marsabit County 
in northern Kenya are preferred in the domestic 
market, this does not translate into an economic 
advantage for producers and local traders (Roba 
et al., 2018). Based on this consumer preference, 
alternative ways of marketing using product 

labelling can be explored. Product labelling could 
enable a shift from an undifferentiated commodity 
market to a niche market that recognizes product 
quality (Roba, 2018, Mathias et al., 2010, Imami 
et al., 2011). 

As the pastoral livestock production system is a 
near-natural system, the effort for a conversion to 
organic production might be low (Ansari-Renani, 
2016). Accordingly, the objective of this study is to 
assess the requirements and feasibility of organic 
certification of the livestock production of Rendille 
pastoralists in Marsabit County in northern Kenya 
as an example for labelled products. The specific 
objectives are to assess the compliance and non-
compliance of pastoral livestock production 
of Rendille with organic standards, to assess 
challenges in fulfilling requirements of organic 
standards and of group certification and to develop 
ideas to overcome these challenges. 
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Materials and Methods
Data collection for this study was conducted 
from August to October 2019 in the southern 
part of Marsabit County in the Sub-County 
Laisamis. The study area is characterised by an 
arid landscape with sparse bushy vegetation. The 
rainfall is highly variable and often fails resulting 
in droughts. The study area population consists 
predominantly of Rendille pastoralists, who raise 
livestock as their main livelihood source. Illiteracy 
and poverty levels are high and the infrastructures 
(roads, telecommunication, markets, water) are 
poor (County Government of Marsabit, 2018). 
The study used collaborative learning approach 
where the focus was on mutual learning and on 
the participation of practitioners in the process of 
creating new knowledge (Restrepo et al., 2014; 
Christinck and Kaufmann 2018). For the qualitative 
data collection 28 focus group discussions with 
a duration of 1,5hrs were conducted with four 
pastoral community groups. The groups consisted 
of members of the ethnic community of Rendille, 
most of whom were women, who were engaged in 
livestock trade. The introduction of requirements 
of organic standards based on EU-Regulation 
and the organic standard of Kenyan certification 
body EnCert and requirements of group 
certification according to CERES, (2017) and 
IFOAM (Lechleitner and May, 2007) was done 
via posters. In the following the compliance and 
non-compliance of pastoral livestock production 
of Rendille with organic standards, challenges in 
fulfilling requirements of organic standards and 
of group certification were discussed and ideas 
to overcome these challenges were developed. 
Further, two multi-stakeholder-meetings and 21 
individual interviews based on topics arose from 
focus group discussions were conducted with 
members of the county government, NGOs, a 
research institute, the private sector, traders and 
livestock keepers. Data analysis was conducted by 
inductive coding with MAXQDA 2019 (VERBI 
Software, 2019).

Results
Areas of compliance of the near-natural pastoral 
livestock production with organic standards

The study found that pastoral production system 
follows the requirements for organic production 
on several aspects such as feeding where livestock 
are grazed on natural vegetation in open range 
land. About housing, the livestock are kept in 

pens, called bomas, only at night or for keeping 
special groups of animals while tethering is not 
common practice. According to the respondents 
the size of the bomas can be adapted to the space 
requirements of the organic regulations.

On the other hand, in the pastoral system, the 
respondents described that breeding is only done 
by natural mating. Forbidden techniques such as 
embryo transfer and oestrus synchronization were 
not known. This area of animal husbandry can 
therefore be considered to be in compliance with 
organic regulations. 

Challenges to meet requirements of organic 
standards

During the dry season supplemental feeds were 
identified as a risk as it could contain forbidden 
ingredients, e.g. genetic modified organisms. Also, 
the Rendille community carry out ear notching, 
hot iron branding and castrations without use of 
anesthesia and/or analgesia. This is considered to 
be against the principle of animal welfare. The first 
two are carried out for the purpose of identification 
and they have also a cultural value, as they show 
clan affirmation. Castration is carried out for a 
better meat quality and better handling of male 
animals. 

Another challenge is, that a formal livestock 
identification and traceability system is lacking and 
currently there is no national policy on traceability 
and identification. To control compliance with 
organic requirements accurate records are needed. 
The interviewed community members currently do 
not keep written records about production due to 
illiteracy, additional workload, and mobile herds. In 
the study area, there is limited supply of veterinary 
drugs and vaccines. Further, some community 
members have no trust in vaccination, as they have 
had bad experiences and there is a lack of adequate 
communication on the part of the veterinary staff. 
Diagnostic possibilities are missing, which leads 
to a trial-and-error application of veterinary drugs. 
In this way, individual animals might get more 
conventional veterinary treatments than allowed 
for organic certification. Hence, the extent and 
frequency of conventional veterinary treatments is 
not known, so it is not possible to assess whether 
requirements can be met. Overall, the limited 
veterinary infrastructure hampers adequate drug 
use and therefore endangers organic certification.
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Group certification helps to save certification 
costs. The majority of group members are 
convinced that they can bring experience gained 
as income-generating groups into a group 
certification. Nevertheless, there are costs for 
certification and training for which financial 
support is needed. In addition, the high illiteracy 
makes it difficult to carry out some of the tasks in 
the group certification. Furthermore, inspections 
of the mobile herds are time and cost intensive, 
as the herds are difficult to reach in the dry season 
due to distance and inaccessible areas, and some 
impassable roads in the rainy season.

Discussion 
The finding that the feeding practices in the 
pastoral system are an essential fulfilment of the 
requirements for organic production is based on 
the extensive grazing systems taking advantage 
of a very heterogeneous pasture vegetation that 
gives the meat of the livestock its high quality. 
Pastoralists detailed knowledge of the rangeland 
resources guide this grazing system (Krätli et al., 
2013; Wario et al., 2016). Similarly, the study by 
Ansari-Renani (2016) also concludes that organic 
certification of sheep and goat farming in Iran is 
possible. Pastoralist practice supplemental feeding 
during the dry season, which can be fulfilled 
through local innovation where communities 
establish fodder gardens during rainy seasons for 
use during dry season (Kaufmann and DITSL, 
2012) instead of relying on feed from outside 
whose content cannot be ascertained. The housing 
and reproduction practices among pastoral system 
are in line with the requirements for organic 
certification as also observed among Iranian 
pastoralists (Ansari-Renani, 2016).

However, there are certain practices central 
to pastoralist livestock production that in the 
current form do not meet the requirements of 
organic production. For instance, the pastoralists 
practice castration of bucks without anaesthesia 
and analgesia to improve the quality of meat 
(Kaufmann, 1998; Namunai et al., 2008; Warui, 
2008) and ear notching and hot iron branding for 
identification purposes (Mbuku et al. 2010). Due 
to the importance of these routine procedures, 
exemptions could be requested from the certifier 
such as EnCert. Otherwise, ear tags could replace 
traditional identification tags and analgesics should 
be provided for the routine procedures.

In the last decade, the importance of livestock 

identification and traceability in improving 
marketing is being widely discussed in East Africa 
(Bett et al., 2015). To facilitate acceptance and 
use of ear tags, Bett et al. ( 2015) recommend the 
use of ear notching and branding already used by 
pastoralists to complement the system. However, 
this requires policy and legal framework, which is 
currently being discussed and further lobbying by 
the stakeholders to have it realized. The traceability 
system will rely on documented livestock records, 
which is a challenge due to illiteracy. However, 
pastoralists have a memory-based system that 
allows them to memorize animal-specific data 
such as births, sales and losses (Kaufmann, 1998; 
Mbuku et al., 2010). There is need for innovative 
ways to develop record keeping based on this 
elaborate system by the pastoralists. The use 
of pictures of relevant events (e.g. veterinary 
treatments) or the development of schemes that 
can be filled in with signs is proposed, based on 
experiences such as those of Greenwood et al. 
(1987) who worked with illiterate people using 
a sign-based method. Such innovations can be 
based on already existing systems e.g. clinic books 
of children or records for loans in community 
groups. In order to meet the requirements of 
organic standards and produce high quality meat, 
basic veterinary care is needed. However, pastoral 
systems, despite being a livestock based economics 
face  challenges with veterinary services, also 
in the larger Horn of Africa (Silkin, 2005), with 
potential improvements depending on actions by 
the respective governments. (. 

The large body of experiential knowledge held 
by groups in the region as reported by Arasio et 
al. (2019), is seen as potential to build upon to 
establish group certification system. The other 
potential is the availability of young literate 
school leavers in the communities who can take 
up the roles in group certification for which they 
are trained beforehand.  Before starting with the 
implementation, a marketing study should be 
carried out and potential marketing partners, who 
are interested in the marketing of prime meat, needs 
to be identified together with their requirements to 
establish a contract production. In Kenya, “nyama 
choma” outlets that refers to roasted sheep and 
goat meat largely consumed by the middle and 
high-income groups (Bosire et al., 2017; Juma et 
al., 2010) is an opportunity to explore for organic 
marketing.
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Conclusion: Set up a Geographical Indication

Given the above challenges in implementing 
organic certification in pastoral systems, it is 
recommended that a geographical indication (GI) 
be explored as a starting point due a lower number 
of regulations. The sheep and goats from Marsabit 
are already preferred in the market and labelling 
the origin could facilitate the marketing. In other 
countries, origin-labelling sheep and goat meat 
have shown beneficial effect on producers’ income 
(Mathias et al., 2010). Further, the community 
groups wished for less strict requirements, as for 
example challenges in avoiding routine operation 
may endanger organic certification and it would 
also make inspections easier to carry out. A GI 
could implement a basic infrastructure, like ear 

tags for traceability and innovations for record 
keeping. In Kenya a GI can be set-up as a collective 
mark (National Council for Law Reporting Kenya, 
2009). If this is in place, it is possible to move step 
by step to an organic certification.
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Mathias, E., Mundy, P., Köhler-Rollefson, I., 2010. Marketing products from local livestock 
breeds: an analysis of eight cases. Anim. Genet. Resour. 47, 59–71. https://doi.org/10.1017/
S2078633610001001

Mbuku, S.M., Kosgey, I.S., Kahi, A.K., 2010. Identification systems and selection criteria for small 
ruminants among pastoralist communities in northern Kenya: prospects for a breeding 
programme. Trop Anim Health Prod 42, 1487–1492. https://doi.org/10.1007/s11250-010-9584-
4

Namunai, M., Harawo, M., Arbooy, K., 2008. Saagi Rendille gaal idaakti (Rendille camel management). 
DITSL, Witzenhausen. 

National Council for Law Reporting Kenya, 2009. The Trade Marks Act - Chapter 506.

Restrepo, M.J., Lelea, M.A., Christinck, A., Kaufmann, B.A., 2014. Collaborative learning for fostering 
change in complex social- ecological systems: a transdisciplinary perspective on food and 
farming systems. ecological systems 22. 

Roba, G.M., Lelea, M.A., Hensel, O., Kaufmann, B., 2018. Making decisions without reliable 
information: The struggle of local traders in the pastoral meat supply chain. Food Policy 76, 
33–43. https://doi.org/10.1016/j.foodpol.2018.01.013 

Silkin, T., 2005. Veterinary services in the Horn of Africa: where are we now? Development in Practice 
15, 40–48. https://doi.org/10.1080/0961452052000321569

VERBI Software. (2019). MAXQDA 2020 [computer software]. Berlin, Germany: VERBI Software. 
Available from maxqda.com.

Wario, H.T., Roba, H.G., Kaufmann, B., 2016. Responding to mobility constraints: Recent shifts in 
resource use practices and herding strategies in the Borana pastoral system, southern Ethiopia. 
Journal of Arid Environments 127, 222–234. https://doi.org/10.1016/j.jaridenv.2015.12.005

Warui, H.M., 2008. Characterisation of Sheep and Goat Genetic Resources in their Production System 
Context in Northern Kenya.

https://doi.org/10.1016/j.smallrumres.2009.12.002
https://doi.org/10.1016/j.smallrumres.2009.12.002
https://doi.org/10.1017/S2078633610001001
https://doi.org/10.1017/S2078633610001001
https://doi.org/10.1007/s11250-010-9584-4
https://doi.org/10.1007/s11250-010-9584-4
https://doi.org/10.1080/0961452052000321569


917

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

Intensification of pastoralism as a driver of degradation in the Algerian steppe 
 

Bencherif, S.1 and Manzano, P.2, 3

1Department of Agricultural Sciences and Veterinary, Faculty of Natural Sciences and Life, University 
of Djelfa, Algeria, E-mail: bencherif.agroparistech@gmail.com;  

2Global Change and Conservation Lab, Organismal and Evolutionary Biology Research Programme, 
Faculty of Biological and Environmental Sciences, University of Helsinki, Finland;  

3Helsinki Institute of Sustainability Science (HELSUS), Faculty of Biological and Environmental 
Sciences, University of Helsinki, Finland, E-mail: pablo.manzano.baena@gmail.com

Key words: Algerian steppe; pastoralism; surveys; transformations; degradation

Abstract
Land degradation linked to pastoralism use has been a worldwide concern for decades. A biological 
approach has often been use to understand such phenomena, usually disregarding economic and social 
factors. Radical transformations of pastoralism at the Algerian steppe constitute a good case study to 
provide an integrated understanding and to better orient development in other pastoralist areas across 
the world. Different actions by the public sector since the 1960s, as well as the land legislation adopted 
and the strong agricultural subventions during 2000-2010, have favored a massive conversion of land 
and resource management. This translates into conversion of many pastures into crops and overuse of 
the remaining ones.

In order to understand the consequences of such changes into natural resources (pasture, water and soil), 
236 field surveys were conducted (quantitative as well as qualitative) between 2006 and 2017. They 
were accompanied by phytoecological samplings to estimate impact on vegetation recovery, biomass 
and pastoralist production.

While nomadic pastoralism practicing north-south transhumance and based on sheep and goats has 
declined, other more sedentary types of pastoralism (based on sheep, goats or cattle) combined with 
intensive crops have emerged. Family-related or paid herders live on tents during herd mobility, and 
live in a fix household the rest of the year. Grass represents just one third of the total livestock intake 
and barley crops, previously found only in valleys, are today mechanized and expanded into fragile 
rangeland soils. Vulnerability to climate variability and cereal price fluctuations in the international 
market is consequently higher. The higher cereal consumption increases fiber demand in animals, 
devastating plant cover and triggering land degradation.

Specific mechanisms should be envisioned to prevent severe environmental impacts associated with 
pastoralism intensification. This lesson should be applied to other development interventions currently 
envisioned by different stakeholders who propose increase of animal feeds.

Introduction
The problem of land degradation has consistently 
disregarded the integration of knowledge from 
different disciplines. On the one hand, land 
degradation linked to pastoralism use has been 
a worldwide concern for decades. A biological 
approach has often been use to understand such 
phenomena, usually disregarding economic and 
social factors (Manzano et al., 2021). It is well 
known that pastoralists have powerful elements 
among their local knowledge to monitor the status 
of pastures and prevent land degradation (Oba 
2012, Jamsranjav et al., 2019), and that they still 

apply such knowledge in spite of modern pressures 
and constraints (McPeak 2005), thereby showing 
the potential of integrating social, economic 
and environmental factors in understanding 
such phenomenon (Manzano et al., 2021). The 
Economic and Social Council (ECOSOC) of the 
United Nations (UN) believes that sustainable 
development must focus on the three pillars of 
economic development, social inclusion and 
environmental protection (UN, 2017). According 
to Nunes et al., (2013) the sustainability of 
agricultural and livestock systems will depend 
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on their economic performance, competitiveness 
factors and the preservation of the environment. 
In addition, the choice of livestock production 
system (Flysjö et al., 2012), and different animal 
feeding systems can impact significantly on the 
environmental performance (Bartl et al., 2011). 

Calls for widespread use of supplementary fodder 
arise both from the pastoralist civil society (RBM 
and CEDEAO 2015; Nugteren and Le Côme 
2016:31) and from international organizations 
(FAO 2016; Nugteren and Le Côme 2016) as a 
means to mitigate droughts and increase food 
security in the short term. However, past massive 
interventions based on the widespread use of 
supplementary fodder have been identified as 
a trigger for a change of state in North African 
rangelands (Hazell et al 2001), which could be the 
root cause that undermines their productiveness 
in the long term (Nedjraoui 2004). Radical 
transformations of pastoralism at the Algerian 
steppe constitute a good case study to provide an 
integrated understanding of such interventions and 
to better orient development in other pastoralist 
areas across the world. 

Indeed, since antiquity, the Algerian steppe has 
been controlled and managed by nomadic tribes 
who moved (transhumance) over vast territories, 
which made it possible to maintain a certain balance 
between limited natural resources (rangelands) and 
a mode of exploitation (pastoralism) adapted to the 
environment. During this time the pastoralists and 
their herds of sheep and goats moved seasonally 
in summer to the plains of the North (summer 
transhumance) and in winter to the Sahara (winter 
transhumance) in search of pastures rich in fodder. 
This livestock was essentially based on the 
direct exploitation by herds of the natural fodder 
produced by the rangelands of the steppe, the plains 
of the North (Tell) and the Sahara. This method of 
managing transhumant herds made it possible to 
fully exploit limited forage resources, dispersed in 
large and varied bioclimatic zones, and to ensure 
a relative balance between these resources and the 
needs of the herds.

For six decades, this steppe has undergone 
radical changes in the ways in which the land is 
used and the way people live. Indeed, different 
actions by the public sector since the 1960s, as 
well as the land legislation adopted and the strong 
agricultural subventions during 2000-2010, have 
favored a massive conversion of land and resource 
management. This translates into conversion 

of many pastures into crops and overuse of the 
remaining ones.

Methods and Study Site
In order to understand the consequences of such 
changes into natural resources (pasture, water 
and soil), 236 field surveys were conducted 
between 2006 and 2019 with agro-pastoralists in 
the center, east and west of the Algerian steppe. 
In this semi-arid climate area (100-450 mm/year) 
of 20 million hectares, sheep and goat livestock is 
widely practiced by population on the Alfa (Stipa 
tenacissima), Mugwort (Artemisia herba alba) and 
Sparth (Lygeum spartum) rangelands. Rainfall is 
irregular and temperatures reach 40° C in July, 
and drop below 0° C in January. The surveys were 
carried out in the regions of Djelfa, Laghouat, 
M’sila, Tiaret and El Bayadh. A non-probability, 
predefined and reasoned sampling was adopted. 
Also, around twenty interviews were conducted 
with various stakeholders involved in agro-
pastoral activity: agricultural services, chamber 
of agriculture, veterinarians, forestry services, 
academics, and notables. Workshops bringing 
together all the stakeholders were subsequently 
organized. In addition, nearly three hundred 
phytoecological surveys were carried out in the 
alfa steppes of western Algeria (El Bayadh region), 
in situations of free access and controlled grazing, 
to assess the forage potentialities represented here. 
by the phytomass (expressed in Kg of dry matter 
/ ha / year).

Results
While nomadic pastoralism practicing north-south 
transhumance and based on sheep and goats has 
declined, other more sedentary types of pastoralism 
(based on sheep, goats or cattle) combined with 
intensive crops have emerged. Family-related or 
paid herders live on tents during herd mobility and 
live in a fix household the rest of the year. Grass 
represents just one third of the total livestock intake 
and barley crops, previously found only in valleys, 
are today mechanized and expanded into fragile 
rangeland soils. Thus, all the farms surveyed 
cultivate fodder cereals, generally harvested, and 
a few (21) cultivate irrigated, grazed or wilted 
alfalfa. The fodder produced is generally intended 
for farm animals. The herders of the steppe seek to 
appropriate collective lands in order to carry out 
intensive breeding and agriculture, subsidized and 
entitling the concession. Vulnerability to climate 
variability and cereal price fluctuations in the 

http://scholar.google.com/scholar_url?url=https://www.sciencedirect.com/science/article/pii/0378874188901432&hl=fr&sa=X&ei=eXkWYMb5L-PKsQLKtYWYBw&scisig=AAGBfm0KDWRBz-UB10q6v3lhjsqFXh-kNw&nossl=1&oi=scholarr
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international market is consequently higher. The 
higher cereal consumption increases fiber demand 
in animals to prevent acidosis (Humer et al., 
2015), devastating plant cover and triggering land 
degradation.

The measurements carried out on the variation of 
the phytomass of perennial species in the western 
Algerian steppe in the region of Rogassa show 
that the permanent vegetation cover (perennial) 
is always relatively more conserved in controlled 
grazing areas where the rangelands are relatively 
less degraded. This is linked to the fact that 
uncontrolled rangelands suffer from degradation 
by overgrazing, more particularly during periods 
of drought such as that of 1993 to 2003 and 2016-
2019. Agro-pastoral activity in the Algerian steppe 
is now facing a difficult socio-economic and 
ecological situation and is currently in crisis. The 
latter is particularly damaging to small farmers, 
whose lack of income forced them to sell their cattle 
at the slightest trouble, and many had to migrate 
to the city especially during periods of relative 
drought and high prices of purchased fodder, as in 
1993 -2003, and in 2016-2019. The latter practice, 
in addition to livestock farming activities (sheep, 
goats, cattle) and crops, other wage activities 
(guarding, workers) and commercial, working 
especially for self-consumption and direct 
(informal) sale of products. processed (cheese, 
butter, skins, charcoal, etc.) or not (olive oil, 
vegetables, etc.).

Discussion [Conclusions/Implications]
In short, we are now witnessing a decline in the old 
mode of collective management and exploitation, 
which is relatively regulated and has evolved 
into competitive family and individual modes of 
exploitation. Degrading intensive agro-pastoral 
production systems are emerging in the steppe 
today. The Algerian steppe has been experiencing 
desertification over large areas for several decades, 
and the livestock feed provision can be a major 
source of this degradation. The abandonment 
of transhumance and the degradation of steppe 
rangelands, the impoverishment and exodus of 
small breeders are major difficulties which risk 
compromising the desirable development of agro-
pastoral activities.

Specific mechanisms should be envisioned to 
prevent severe environmental impacts associated 
with pastoralism intensification. This lesson should 
be applied to other development interventions 
currently envisioned by different stakeholders 
who propose increase of animal feeds. Fodder 
inputs are a very clear measure to mitigate food 
security problems in the short term (Nugteren and 
Le Côme 2016:30) as well as a way to increase 
outputs in regions with a high imbalance between 
demand and offer that is likely to worsen in the 
future, as is the case with milk production in West 
Africa (Nugteren and Le Côme 2016:80; Molina-
Flores et al 2020:128). But the experience of 
land degradation in Algeria shows that in order 
to implement fodder input strategies that are 
consistent and positive in the long term, a careful 
consideration of its collateral effects has to be 
borne in mind. The complexity of such intervention 
contrasts with the weak extension services in the 
areas where fodder input interventions are being 
proposed (Molina-Flores et al., 2020:145,181) 
– nevertheless, it should be borne in mind that 
extension services are  in general not aware of the 
potential problems derived from supplementary 
fodder, so their capacity should be built on this. 
Weak statistics, which are also prevalent (Molina-
Flores et al., 2020:152), are a fundamental hurdle 
to establish the necessary distinction between 
rather extensive and rather intensive animal 
husbandry systems, which is known to have 
hampered sustainable livestock development in 
North Africa (Dutilly-Diane 2007) and which 
is a prevalent problem in pastoralist systems 
worldwide (Manzano et al., 2021). Fodder inputs 
are useful only if information and sufficient skills 
are available to make the best of them – otherwise 
they may threaten the sustainability of pastoralism 
in the long term.
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Abstract
Even if Pastoralism is not practised anymore by a majority of families in the Sierra de Segura (south-eastern 
Andalusia, Spain), it is still considered a paradigmatic way of life and management of its highlands and a 
key cultural heritage deeply rooted in local identity. In this article we explore two pastoral communities 
of this region, Santiago and Pontones, with their body of situated knowledge of the territory and natural 
resources, which helps pastoralists to organize their livelihoods, while requiring collective organization 
to manage access to grasslands. Through an ethnographic research based on participant observation and 
in-depth interviews, we explore the knowledge system, practices and institutions relevant for the use and 
maintenance of mountain pastures. The results show how local governance strategies and management 
of pastures are organized, among other drivers, to be able to adapt over time to change. On the other 
hand, collective actions have a notable social component to enable access to pastures. However, the 
community faces challenges for its sustainability such as environmental change, low generational 
turnover and the diminishing presence of women, very particularly in pastoralist practice and decision-
making.

Introduction
Pastoralism is an important livelihood for millions 
of families around the world (Blench, 2001; 
Scoones, 2020), being rangelands one of the most 
extended (if not the most) of Earth’s land uses 
in terms of surface (Reid et al. , 2014). Pastoral 
communities, for their mobility and ability to 
use scarce resources especially in arid and semi-
arid environments (Blench, 2001), such as the 
Mediterranean basin (Blondel, 2006)I show the 
following: (1, still currently manage large areas 
of territory through collective rules established 
on mobility, herd size and protection of areas for 
seasonal use (Herrera et al., 2014). This is exactly 
the case, especially in the south of Spain (Palomo-
Campesino et al., 2018). The conservation of 
ecosystems based on knowledge and collective 
decision-making, can imply benefits both for the 
interests of the communities and for the maintenance 

of biodiversity and ecological functions of global 
interest (Berkes, 2004; Borrini-Feyerabend et 
al., 2014; Pretty et al., 2009)then the interests of 
both could be served. It has been controversial 
because community development objectives 
are not necessarily consistent with conservation 
objectives in a given case. I examined CBC from 
two angles. First, CBC can be seen in the context 
of paradigm shifts in ecology and applied ecology. 
I identified three conceptual shifts\u2014toward 
a systems view, toward the inclusion of humans 
in the ecosystem, and toward participatory 
approaches to ecosystem management\u2014that 
are interrelated and pertain to an understanding 
of ecosystems as complex adaptive systems in 
which humans are an integral part. Second, I 
investigated the feasibility of CBC, as informed 
by a number of emerging interdisciplinary fields 
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that have been pursuing various aspects of coupled 
systems of humans and nature. These fields\
u2014common property, traditional ecological 
knowledge, environmental ethics, political 
ecology, and environmental history\u2014provide 
insights for CBC. They may contribute to the 
development of an interdisciplinary conservation 
science with a more sophisticated understanding 
of social-ecological interactions. The lessons 
from these fields include the importance of cross-
scale conservation, adaptive comanagement, the 
question of incentives and multiple stakeholders, 
the use of traditional ecological knowledge, and 
development of a cross-cultural conservation 
ethic. Resumen: La conservaci\u00f3n basada 
en comunidades (CBC. Adapted from the most 
accepted definition of traditional ecological 
knowledge made by Berkes, in this study we define 
traditional agroecological knowledge (TAeK) 
as a cumulative body of knowledge, traditions, 
practices, beliefs, institutions, and worldviews 
acquired through the direct dependence between a 
society or cultural groups and their agroecosystems, 
that is transmitted in generational way, adapting 
and enriching over the time (Berkes, 1999; Calvet-
mir et al., 2018; Toledo, 2002).

Considering the role of local communities in 
the management of the territories they take 
advantage of and govern (Ostrom, 1990) and most 
grasslands of the world have been communally 
governed and pastoralists are still adapting to 
many socioenvironmental changes (Galvin, 
2009), the main aim of the research is to define 
how forms of local governance incorporate 
ecological knowledge for the management of 
grasslands and the whole livestock system. Thus, 
management and decision-making is hypothesized 

based on ecological knowledge, practices and 
local institutions, capable of developing effective 
mechanisms of control and management for the 
optimal state of pastures and adapting management 
strategies to the different changes that community 
faces.

Three aspects of this body of knowledge are 
addressed in this article: 1. Ecological knowledge 
of characteristics and key functions of pastures and 
spatial mobility along seasons; 2. Configuration of 
local institutions for regulated access to grasslands; 
3. Collective strategies for environmental and 
socio-economic adaptation.

Materials and Methods
The case study is located in the mountain region 
of the Sierra de Segura, in the south-east of 
Spain (38°01’05.5”N 2°42’25.5”W; Figure 1). 
Rangelands are located between 1.400-1.900m (i.e. 
subalpine areas) with snowy and cold winters with 
temperatures reaching up to -15 ºC, and dry and 
hot summers with temperatures reaching up to 35 
and 40 ºC. The communal pastures represent about 
30,000ha, managed by 90 shepherds, organized into 
two formal governance institutions (SAT Santiago 
and SAT Pontones). However, its management 
affects other areas, since approximately 67% of 
the shepherds practice transhumance to winter 
lowlands, so their decisions and activities go 
beyond the Sierra. Since it’s colonization by the 
Crown of Castilla during the XIII century, the local 
communities had their own rights over the territory, 
recognized by medieval ordinances (E. De la Cruz, 
1980). Nowadays, the shepherd’s communities 
are most often represented as a case of traditional 
pastoralism, even if strongly influenced by 
processes of globalization, especially at economic 
but also cultural level. 

Figure 1: a) General localization of study site, within a mountain area in the south-east region of Spain. 
b) The main rangeland area in Sierra de Segura, highlighting Pontones’ grassland area (green) and 
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Data collection is based on: a) an ethnographic 
phase, through participant observation and a 
daily notebook accumulating up to 12 months 
throughout all seasons; b) a phase of in-
depth interviews (N=17), around rangelands 
ecosystems knowledge and pastoral practices, 
local governance institutions, climatology, change 
perception and challenges, to capture the three 
bodies of knowledge above mentioned. While 
participant observation comprehends not only 
livestock farmers, but also their families and 
socialization spaces and rangelands, interviews 
were made to people directly related with animals 
and pastoralist spaces. Both daily notebooks and 
transcribed interviews were imported into and 
coded in QSR NVIVO (QSR International, 1999). 

Results
Our findings show that the current pastures of 
the Sierra have evolved during the last 40 years, 
going from a landscape with a large subdivision 
and combination of agro-pastoral systems to 
a landscape with a large majority of grassland 
and a reduction of cultivated areas as well as a 
concentration of agricultural plots in larger ones. 
At the same time, livestock farming has gone 
from an extended family model and small herds 
(50-100 sheep) to a much more individualized 
model, centered on middle aged and older men, 
and with herds increasing in size (average of 650 
sheep, maximum of 1,400), which at the same 
time does not compensate in any case the overall 
livestock decrease. Although the production has 
been intensifying over time, the livestock farming 
in Sierra de Segura is still considered by herders 
as a traditional system, for its seasonal mobility 
and pastures’ uses. Beyond this contextualization, 
and following aspects of knowledge that we have 
explored, we define the relationship between 
shepherds and Sierra’ grasslands through three 
components. 

Ecological knowledge of pastures and spatial 
mobility

The pastures of the Sierra are perennial herbaceous 
vegetation that dries up in the warm Mediterranean 
summer, even if it is still consumed by flocks 

beyond its more flourishing moments of Spring 
and Autumn when it is also consumed. Shepherds 
especially value perennial grasses, which guarantee 
food throughout the summer season in a moment 
when the lowlands have dried up and there is 
not much more left, assuring so the continuity of 
the pastoral system and which, for this reason, 
without these summer pastures would collapse. 
But leaving the pastures in mid autumn before 
the snows does not guarantee a very strong rest 
and restoration of the grass by itself, being spring 
the critical period for its growth and reproduction 
(flowering for the continuity of the pastures year 
after year). Therefore, based on the knowledge 
of the productive periods of the pastures, herders 
must therefore take care to keep the area they will 
use in good condition throughout the summer and 
allow the transhumant flocks to reach their grazing 
areas taking advantage of all the spring production 
when their specific zones have been respected 
during their absence. Self-imposed sanctions 
are contemplated by the livestock community 
and these are of monetary nature in case of non-
compliance (6€ per head of cattle of the owner that 
made the infraction), or even exclusion from the 
group in case of repeated non-compliance. At the 
same time, mobility to winter areas is encouraged, 
through the payment of a higher price for those 
farmers who decide to spend the winter in the 
Sierra (1€ more per head of cattle that remain in 
the Sierra), which comes to add to the costs of the 
food they must buy to maintain the flock). But 
methods for monitoring the state of the pasture or 
an adaptive regulation of spaces and dates of use 
of the pastures are not included.

Regulated access to grasslands

The main function of local governance institutions 
(table 1) is to distribute access to pastures 
reasonably and relatively democratically. The 
process is aimed at the use of pastures by local 
herders, through agreements and recognition by 
institutions on which access to pastures depend. 

Table 1: Traditional institutional arrangements 
in the area based on interviews and the review of 
shepherds’ internal regulations).
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General information
Name SAT Santiago SAT Pontones

Members 60 (but only 25 had plenty rights 
and duties in governance process)

25 (all members has full rights and duties 
in governance process)

Grasslands surface 
managed ≈20.000ha ≈10.000ha

Institutional arrangements and decision-making over land access

Function Access to grasslands is only permitted to flocks of SAT members or must be 
approved by assembly.

Principal unit of de-
cision making

The assembly of local livestock farmers must approve the access price, ac-
cording to a negotiation with land owners (Spanish state, particulars and mu-
nicipality). All members must be born or live in the municipality.

Internal rules for 
grasslands use

Free mobility within Santiago’ 
grasslands zone, even if de facto 
most shepherds stay in their tradi-
tional zones. 

From May 1st each flock must be with-
in their zone. Shepherds that take their 
flocks to grasslands before that date 
should pay an extra fee per animal.

Water use and other 
infrastructures

Both communities provide access to all pasture areas and water points, soften-
ing possible grievances between farmers due to the different location of their 
areas. 

Sanctions
Economic sanctions for not respecting the rules related to grasslands’ uses but 
also due to non-attendance at assemblies or arrears in pasture payments; land-
access exclusion for extreme cases.

Reciprocity norms (non-formal agreements)

Mobility The sense of community is shown in flock mobility cooperation, which goes 
beyond kinship and implies neighbourhood relations.

Mutual respect
Even if there are formal sanctions for the invasion of other shepherd’s area, 
most conflicts are resolved by the intervention of key SAT members in a col-
laborative way.

First, competition between herders at the individual 
level is avoided, since the right to graze is only 
collectively obtained; and second, it is difficult to 
take advantage of it by large landowners, thanks 
to the power that all the shepherds manage to 
exercise together. A price is established per animal 
that accesses communal pastures (about € 8-9), so 
that livestock farmers with large herds must pay 
more than ones with smaller herds (presumably 
with fewer economic resources). The final amount 
collected is then paid (a sort of rental of these 
highlands every 5 years).

Considering the sociocultural context, it is 
necessary to highlight that a lot of the herders, 
mostly shepherds, are elders and the community 
is progressively getting older, almost without a 
generational shift. Equally, we highlight the null 
presence of women both in the main pastoralist 
activities and effective decision-making, while 
they are said to be much more present before.

But governance institutions are not the only way 

for socioecological management. The identity, 
and sense of belonging to a group and a territory 
contributes to mutual collaboration and respect 
between people and to grasslands. Likewise, 
cooperation in pastoral tasks and the collective 
use of infrastructures such as drove roads or water 
points, is a key point, and continues to require 
mutual support and collective organization.

Collective strategies for environmental and socio-
economic adaptation 

The experience and perception of the shepherds 
gives an account of the challenges for the Sierra, 
being the increasing periods of drought the most 
critical environmental risk. Climate change is 
particularly perceived as a critical process in 
this fragile environments of extreme climatic 
conditions, not only for the productivity of the 
pastures, but also for the maintenance and health 
of the herds (e.g. dry grass needs large amounts 
of water; heat problems can bring in parasites 
etc.). Several strategies are adopted to solve such 
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climatic risks and to minimize the impacts. For 
instance looking at water deficit, as one of the 
major concerns in the area, shepherds don’t change 
the dates of access in long periods of drought, 
but they try to guarantee access to water for all 
herds. Due to the geological characteristics of 
carbonate rocks (karst formations), surface water 
is very scarce in the Sierra, where, according to 
informants, numerous water sources have dried up 
in recent decades. To minimize that and soften the 
effect of droughts, the communities have installed 
ponds and troughs, usually used by not all flocks 
but collectively paid and kept, so that those most 
affected by droughts do not have to assume it 
individually.

But local ecological knowledge and governance 
institutions are not the only component that 
outlines the relationship between livestock farmers 
and grasslands. The herders express always the 
great impact of European Common Agricultural 
Policy (CAP) and subsidies in their activity, which 
affects the relationship with the territory and the 
dynamics of governance institutions, determining 
the amount of livestock that can access pastures. 
Once again, the collective organization plays a 
decisive role here, in adapting resiliently every 
new CAP, ensuring that the group of shepherds 
organises at each time so as to have enough 
allocated surface area to receive subsidies that, on 
the other hand, herders depend on to maintain their 
way of life.

Discussion
The case studied represents a complex system of 
communal grasslands use, considering that who 
maintains and takes advantage of them does not 
own the land, and still effectively manages it. The 
lack of recognized rights creates tensions and 
uncertainty to carry out actions. However, the two 
communities of herders establish a series of formal 
norms and informal relationships, product of a 
deep historical and cultural legacy and adaptations 

to the current ever evolving context, that result 
in benefitting their economies and livelihoods as 
much as the maintenance of the pastures.

Loss of land tenure is identified as one of the 
key challenges pastoral communities are facing 
(Galvin, 2009; Reid et al., 2014) and this case study 
provides an example of communal governance 
without property that puts communality at a great 
risk. Land tenure characteristics imply that acting 
otherwise would increase the price of pasture and 
leave many pastoralists out of grasslands access 
possibility, and therefore, the main guarantors of 
their conservation. At the same time, having to 
dialogue with other institutions can encourage 
the community to organize and act collectively. 
Similarly, these agreements can also help to 
value and conserve them, not overgrazing beyond 
their ecological capacity. This is especially 
relevant considering that we don’t find resources 
monitoring strategies developed by shepherds, 
such as an explicit recognition of vulnerable 
areas or recovery strategies for degraded pastures 
(Herrera et al., 2014).

Finally, it is clear that the low presence of women 
and youth in both pastoral activities and decision 
making spaces is a problem for the present and 
future sustainability of the system. The issue is not 
only on how the community works, but by whom 
it is constituted.
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Abstract
Poverty is a complex phenomenon, without a single definition or standard methods of reducing it. 
Income based methods of assessing poverty have been shown to have limitations that undermine their 
application in measuring and attacking poverty among pastoral households. Stages of progress method 
of poverty assessment was used to assess poverty among pastoral households in Turkana and Mandera 
Counties of Northern Kenya. Three hundred and three hundred and fifty-four households in Mandera 
and Turkana Counties respectively were sampled across three different livelihood zones: pastoral, agro-
pastoral and off-farm. Accumulation of livestock was regarded as a key indicator of wealth among 
pastoral households.  The two pastoral communities used different pathways to escape poverty, meaning 
that no single blanket poverty reduction approach may be applied across different pastoral communities. 

Introduction
Pastoral Counties of northern Kenya, just like all 
other pastoral areas, tend to be poorer compared 
to other parts of the country. These areas have low 
development indicators and high incidences of 
poverty (Republic of Kenya, 2012). This makes 
alleviation of poverty in the dry lands a key policy 
issue (Nyariki et al., 2002). Peoples’ individual 
strivings for economic advancement, and their 
view on public policy is greatly influenced by their 
perception about causes of poverty and availability 
and opportunities of wealth creation (Kluegel and 
Smith, 2017). People may view wealth as a product 
of individual effort or as a result of selective access 
to opportunities for a few due to structural barriers 
(Hunt, 2004). Peoples’ beliefs about causes of 
poverty will have a practical implication for the 
legitimacy and viability of anti-poverty policies 
(Van Oorschot and Halman, 2000). 

Different reasons have been advanced to explain 
pastoral poverty, but these are not empirical. There 
are those who hold the view that poverty among 
nomadic pastoralists is due to an outdated way of 
life that is inconsistent with the demands of the 
modern world, hence the need to transform or 
even abandon this system of livestock production 
(IRIN, 2006; Sandford, 2006). This line of 
thinking is supported by the ‘culture of poverty’ 
paradigm that argues that poverty itself breeds a 
way of life that forms a unique subculture. The 
poor are depicted as a cause of their own pathetic 

state since they continue to misbehave and live 
a reckless life, remaining perpetually chained to 
poverty through generations (Lewis, 1966). The 
‘culture of poverty’ paradigm has been however 
rejected on the ground that it places the blame of 
poverty on victims, ignoring exogenous factors 
that may be responsible for existence of poverty. 
Fincher and Wulff (1998) go further to discredit 
the ‘culture of poverty’ paradigm by stating that 
poverty is produced by circumstances, not by 
individuals. For instance, pastoral poverty in 
Kenya is partly attributed to a deliberate move by 
the post-colonial Kenya government to favour non 
pastoral areas in allocation of resources, through 
the implementation of Kenya’s sessional paper 
number 10 of 1965, with the assumption that 
the latter would give better returns (Republic of 
Kenya, 2012).

This study applied the stages of progress 
method (Krishna 2010) to establish how pastoral 
households perceive poverty in Turkana and 
Mandera Counties. This is an inexpensive method 
of tracking temporal household poverty levels as 
it does not require use of panel data, data that is 
unavailable for most pastoral communities. 

Methods and Study Site
The study was conducted in Turkana and Mandera 
Counties. Turkana County is the largest of the 47 
Counties of Kenya, with a land area of 68,680 km2. 
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It borders Uganda to the West, Sudan and Ethiopia 
to the North, Samburu and Marsabit Counties to 
the  East, and to the South it borders Baringo and 
West Pokot Counties. It lies between latitudes 
0o51’ and 5o30’N and longitudes 34o and 30o40’. 
Turkana County is arid, with rainfall average 
ranging between 120 mm and 430 mm. Apart 
from being very low, the rain is also erratic. Long 
rains are received between April and August and 
short rains occur in October and November. The 
average daily temperatures range between 24oC 
and 30oC. A combination of high temperatures 
and strong winds makes the area have one of the 
highest evapotranspiration rates in the country. 
Poverty level for Turkana was reported to be 
94.3% (KNBS, 2006). The main livelihoods 
are pastoralism, which is  taken up by 60% of 
the County population, agro-pastoralism along 
riverine areas has been taken up by 20% of County 
poulation, fishing by12% and other livelihoods 
are taken up by 8% of the population. The main 
ethnic community in the County are the Turkana, 
although the major towns and trading centres are 
relatively cosmopolitan.

Mandera county is situated in the North-Eastern 
part of Kenya and covers an area of 26,474 km2. It 
borders Ethiopia to the North and Somalia to the 
East. On the Western side it borders Wajir County. 
The county comprises of four constituencies that 
also double up as sub-counties: Mandera Central, 
Mandera East, Mandera West and Mandera North. 
Mandera county falls under the Arid and Semi 
Arid Lands (ASAL) of Kenya. It is characterised 
by low lying rocky hills, with plains rising 
gradually from 400m from the south of Elwak to 
900m in Malkamari area to the North (Republic of 
Kenya, 2002). It is an arid area with low irregular  
precipitation. It receives bimodal rainfall   that 
averages 255 mm per annum. Mandera County 
had a human population of 1,025,756 (Republic 
of Kenya, 2010) and a poverty level of 87.8% 
according to the 2009 human census report. 

The County is inahabited by the Somali tribe 
comprised of three sub clans: Garreh, Degodia and 
Murrule.The County is an extensive rangeland 
generally viable for nomadic pastoralism. About 
5% of the County can be put under irrigated crop 
production along River Daua. However, a greater 
portion of the County consist of sandy soils that 
are poor in fertility and water holding capacity, 
thus  have limited capacity for crop production.

Determination of household poverty dynamics 
using the stages of progress method 

‘The stages of progress’ is a participatory method 
that relies on community focus group meetings to 
delineate locally applicable ‘stages of progress’ 
that poor households are assumed to follow as they 
make their way out of poverty (Krishna 2010). This 
is a rapid method that captures data that would 
otherwise require a longer time and more resources 
if panel data were to be used. These stages are then 
used to create ‘yardsticks’ by which households’ 
welfare was measured at different points in time.

Focus Group Discussion was done in each of 
the 23 villages in both Counties. The local chief 
was asked to assist identify between eight and 
ten individuals who had been residents of the 
village for at least the previous twenty years. 
This group had to have a mixture of resourceful 
men and women and one literate young man who 
was to assist in interpretation and recording. To 
ensure that the participating community members 
gave correct information, the objectives of the 
exercise were stated and it was emphasized that 
their participation was voluntary with no material 
benefits. The Participants were guided to define 
collectively what it meant for a household to be 
poor. The participants were then guided to develop 
a ‘stages of progress’ ladder that was used as a 
scale of categorizing households into wealth strata 
(see Table 1). 

Results
Table 1: Stages of progress among Turkana and 
Mandera pastoral communities
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Wealth category Turkana Mandera
Poor 1. Buys food

2. Buys clothes

3. Buys one goat

4. Increases goats up to 20

5. Marries a wife

6. Builds a shelter

7. Buys one donkey

8. Buys camel

9. Buys one cow

1. Afford one meal a day

2. Buy clothes for the family

3. Own few animals (some chicken, 
3 goats or 3sheep)

4. Take children to primary school

5. Make your own makeshift house 
(Herio)

6. Make an improved better house 
(Harish)

7. Buy a donkey or young cow

Average 10. Increases sheep/goats up to 
150

11. Increases number of camels 
up to 5 -10

12. Increases number of cows up 
to 6-8

13. Marries the first wife offi-
cially according to Turkana 
custom

14. Marries out the first daughter

8. Take children to secondary school

9. Buy a farming land along the river

10. Buy a plot in Mandera town

11. Take children to paid tertiary col-
leges

Rich 15. Increases number of sheep/
goats up to 400

16. Increases number of camels 
up to 15

17. Increases number of cattle up 
to 15

18. Increases number of donkeys 
up to 10

19. Marries a second wife

12. Buy a second hand vehicle

13. Buy and transport livestock to 
other markets for sale

14. Make pilgrimage to Mecca

15. Buy modern high class vehicle

16. Settle the family in urban centre

In both communities, livestock holding was 
regarded as the major determinant of wealth. For 
the Turkana, the levels of poverty were described as 
Ekabaran (rich), Ekebotonit (middle), Ekalokan/
Ekilokit/Ekadalan (the poor) while the Somali of 
Mandera County used the term qoole to describe 
a poor person and dures to describe a rich person. 
The communities then described the progression 

path that households would normally follow to 
move from poverty to prosperity. 

Accumulation of livestock to create wealth 
became a priority only after the requirements 
for food and clothing were met. Construction 
of a shelter and purchase of a donkey marked 
the beginning of transition of a household from 
poverty to prosperity. Once a household crossed 
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the poverty line, there was a marked difference in 
progression for households in the two Counties. In 
Turkana, emphasis was placed on accumulation of 
livestock whereas in Mandera, households looked 
for diversification opportunities and acquisition 
of own plot of land around major trading 
centres. Individual land titling was thus gaining 
prominence in Mandera than Turkana. After 
households passed the poverty line, progression 
of wealthy households in both Counties was also 
very different. The Turkana still emphasized on 
livestock accumulation while in Mandera wealthier 
households diversified into business and bought 
modern vehicles. Majority of Mandera households 
were Muslims and so making pilgrimage to Mecca 
was a priority for wealthy households. Although 
communities in both Turkana and Mandera can 
be regarded as pastoralists, they had different 
priorities and followed different wealth creation 
pathways. 

Discussion [Conclusions/Implications]
Pastoral households in both Turkana and Mandera 
followed similar pathways to move out of poverty, 

especially through accumulation of livestock. 
However, once they passed the poverty line, the 
two communities pursued different pathways. The 
Turkana emphasized on accumulation of livestock 
through all the stages of progression from poverty, 
while the Somali of Mandera diversified from 
livestock immediately they crossed the poverty 
line.

The Turkana will be more responsive to restocking 
interventions at all stages of their progression, 
whereas the Somalis are likely to be responsive 
only at the lower levels. Once they cross the 
poverty line, Somalis are likely to diversify out 
of livestock. While undertaking poverty reduction 
interventions, a blanket strategy may not work 
across all the communities. Peculiarities of the 
community and their perceptions should guide 
successful poverty reduction strategies.
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Abstract
The Peruvian altiplano’s dry puna is the main feed source for specialized alpaca pastoralist systems. 
Experts argue that rangelands are severely degraded and have formulated policies and programs to 
address this. However, these programs have had little success. This paper presents a qualitative case 
study of the perceptions of rangeland degradation held in three Aymara communities, by range scientists 
of academia, personnel of NGOs operating in the region and by government officers. We found that each 
of these groups had distinct views of the level and causes of degradation in the region. Differences in 
perceptions undermined cooperation and trust between pastoralists and professional range management 
experts. Range scientists and government officials tended to judge rangelands based on species 
composition, pastoralists based theirs on productivity of key rangeland resources (peat bogs) and local 
NGO’s tended to have an intermediate position.  

Introduction 
Peru’s Andean rangelands are important 
resources because they provide forage to over 
80% of the nation’s livestock.  This livestock is 
largely owned by herders living in poverty in 
peasant communities (Huerta 2002). Andean 
rangelands also provide ecosystem services such 
as biodiversity, water retention and production 
and carbon storage (Rolando et al. 2017). Most 
studies of these rangelands have focused on their 
ecological dimension. Research conducted in 
the 80s and 90s concluded that that rangelands 
were highly degraded and at risk of further due 
to overgrazing and poor management. These 
studies continue to influence development and 
conservation plans in the region. Although 
rangeland science has changed since the 80s, these 
early studies continue to guide actions in this 
area. In addition, there have been few studies of 
the social dimensions of degradation and almost 
no studies of the perceptions of rangeland users 
and managers.  Perceptions inform decisions and 
reflect past experiences, knowledge and constitute 
the lifeworlds of decision makers (Long 1989). The 
present study examines perceptions of rangeland 
degradation held by actors involved in rangeland 
management and governance to understand their 
implications for them to policies and development 
programs. We use the social interfaces theory of 
Long (2001) to analyse the situation we find.

Methods and Study Site
Rangeland degradation in Peru is a complex 
problem involving decision makers at multiple 
decision-making levels and diverse socio-
environmental contexts. There are two groups 
of actors concerned with rangeland degradation: 
stakeholders and pastoralists, who were selected 
purposive sampling techniques.  The stakeholder 
group (22 men and 1 women) consisted of academic 
range scientists (10), government officials charged 
with range management issues (9), and technical 
staff of non-governmental organizations working in 
pastoral communities (NGOs) (4). Each group of 
stakeholders included those who had national and 
regional (Altiplano) responsibilities. Those with 
national responsibilities were located in Lima and 
those with regional responsibilities in the regional 
capital, Puno.  Seventy-three pastoralists from three 
dry puna communities Apopata (25), Chocorasi 
(26) and Lacotuyo (22) were interviewed. All were 
low-income Aymara alpaca pastoralists who are 
among the most vulnerable to climate change. These 
communities are all in the district of Mazocruz, the 
El Collao province of Puno department. Structured 
interviews and participant observation were 
used data from pastoralists and semi-structured 
interviews were used for stakeholders. Data was 
collected in 2010.
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Results
Perceptions of Rangeland Degradation by 
Stakeholders

About 78% of stakeholders based in Lima and 
Puno think that rangelands of the Peruvian Andean 
highlands and the Altiplano are widespread 
and severely degraded.  They believe that most 
rangelands are in poor and very poor condition, 
and that rangelands in good condition do not 
exist.  All stakeholders use the same criteria to 
determine condition and degradation. Those 
are plant composition, plant vigour, plant 
productivity, and plant cover. Scientists provided 
more details about the indicators of degradation 
than other stakeholders did.  Most of them focus 
on the dry-grasslands.  They argue that vegetative 
composition and species diversity have changed 
dramatically, that palatable plants have decreased 
considerably while less palatable and unpalatable 
plants have increased. Plant vigour and plant 
production have diminished, and plant cover 
reduced.  Government officials tend to go further 
by saying that in some places, there are signs 
of soil erosion and desertification.  Scientists 
and government officials argue that rangeland 
degradation is more pronounced in the southern 
region than in the north of the country.  NGO staff 
working in the Altiplano include the quality of 
peatbogs as indicators of degradation and talk about 
shrinking and disappearing peatbogs. Scientists 
and NGOs representatives argue that degradation 
is much greater in peasant communities than in 
large production cooperatives.  All of them agree 
that rangelands are getting worse. A minority 
of stakeholders (22%) believe that rangelands 
are degraded to some degree and that severe 
degradation is limited to specific areas. They 
consider rangeland degradation to be moderate 
and localized.  They do not believe that severe 
degradation is   widespread. This small group of 
stakeholders believes that rangelands are in fair 
condition and that rangelands in good condition 
exist.  

Perceptions of rangeland degradation by 
pastoralists 

Pastoralists in Apopata, Chocorasi, and Lacotuyo 
share the same perceptions of rangelands. They 
use neither the term degradation nor the word 
condition to explain rangeland trends. About 
73% of pastoralists believe that rangelands are 
in fair shape, 18% believe that rangelands are in 
bad shape, and 8% believe that rangelands are in 

good shape. Only pastoralists of Lacotuyo think 
that there are no rangelands in good condition.  
However, about 66% of alpaca pastoralists in 
the three communities believe that most of their 
rangelands have experienced small negative 
changes in the previous 30 years (1990-2010). 
About 20% of pastoralists think that rangelands 
have not changed and about 13% of them believe 
that have improved. Pastoralists interviewed 
believe that most rangelands are slightly degraded 
and perceive rangelands are mostly in fair 
condition. However, all of them believe that there 
is a negative trend in conditions due to climate 
change and that the trend is intensifying.  

Pastoralists classify rangelands in two main types: 
wet-grasslands (bofedales or peatbogs) and dry-
grasslands (pajonales), and changes they observe 
are in terms of these local classifications. The 
negative trends that most pastoralists observed 
were related to bofedales, their reduction in number 
and extension.  Pastoralists affirmed that peatbogs 
were fewer and smaller than they were previously, 
and they observed that peatbog plants preferred 
by alpacas are fewer and shorter. These changes 
led to alpaca weight loss, increased mortality, a 
reduction in herd size and decreased productivity. 
Some pastoralists mentioned negative trends in 
dry-grasslands. Desirable plant species like festucas 
have decreased, the less palatable irus and the 
unpalatable canllares have increased.  Plants that 
alpacas prefer had less plant vigour and were less 
plentiful than before.  They also associate rangeland 
degradation with changes in grazing duration.  
During their daily rotations, they have observed that 
animals return hungry to the corral at the end of the 
day.  They have also noticed that seasonal grazing in 
the dry-grasslands during the rainy season is shorter 
than before because of reduced forage availability.

Discussion
Stakeholder and pastoralist perceptions of rangeland 
conditions are different.  While most stakeholders 
believe that severe rangeland degradation is 
severe and widespread, most pastoralists believe 
that rangelands are slightly degraded. Similarly, 
while most pastoralists believe that rangelands 
are generally in fair condition, most stakeholders 
assert that rangelands are in poor and very poor 
condition. Pastoralists’ perceptions do agree 
with those of a minority of academics and NGO 
officials who believe that rangelands are degraded 
to some degree, that degradation is not severe, or 
that severe degradation is limited to some areas. 
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However, both stakeholders and pastoralists, 
believe that rangelands conditions are worsening.

Stakeholders and pastoralists have different 
perceptions because they use different indicators 
to appraise rangelands. Stakeholders and 
pastoralists focus on different types of vegetation. 
While stakeholders’ evaluations focus more on 
dry rainfed grasslands or pajonales and barely 
talk about peatbogs, pastoralists’ interests focus on 
bofedales (peatbogs) and less on dry-grasslands. 
Stakeholders focus their attention on pajonales 
because they represent 75% of total rangelands 
and are the most dominant and visible vegetation 
type in the region. Pajonales are the main reserves 
of plant diversity, their plant cover provides many 
ecosystem services. Stakeholders barely mention 
peatbogs in their grazing plans because of their 
small area (>1% total rangelands).  However, 
alpaca pastoralists focus more on peatbogs 
because are the key food source for alpacas and 
thus the pastoralist’s survival.  Peatbogs are critical 
resources because they determine the size of the 
alpaca herds (Palacios 1988). This echoes Scoones 
(1991) argument that wetlands are key resources 
in semiarid and arid lands. Peatbogs are used 
throughout of the year but are critical in the long 
dry season. In these pastoralist systems pajonales 
are heavily used mostly in the shorter rainy season.  
In other words, family incomes depend mostly on 
the condition of peatbogs more than on rainfed 
pastures.  

As consequence of focuses on different types of 
vegetation, stakeholders and pastoralists also focus 
on different characteristics of vegetation, those 
that are meaningful to them. Stakeholders care 
about plant composition, plant vigour and plant 
cover in dry-grasslands. Pastoralists care about 
the number, size and productivity of peatbogs. 
All stakeholders reported that palatable plants 
have decreased, and that less or unpalatable plants 
have increased to indicate rangeland degradation.  
Most stakeholders also reported reduced vigour 
of key species, that plant cover has been reduced, 
leading to soil erosion and desertification. These 
indicators are especially important for scientists 
because they related plant diversity and vegetation 
climax, with excellent conditions. Pastoralists care 
about the number, size, and productivity (density) 
of peatbogs because they correlate with animal 
weight, health, and production. Most pastoralists 
have noticed that peatbogs have been reduced in 
number; some have shrunken, and others have 

disappeared. They have noticed some changes in 
plant composition, but this is less important as long 
as they produce forage.  For pastoralists peatbog 
productivity is important because it correlates 
directly with animal productivity. They negatively 
evaluate peatbogs when animals looks like they 
have not eaten sufficiently, have produced less 
fibre, or have gotten sick and died more frequently. 

Stakeholder and pastoralist’s perceptions differ 
because have different interests and goals. 
Stakeholders’ main goal for rangelands is 
conservation to preserve ecosystem services, 
while pastoralists’ focus on rangelands is animal 
production to meet family needs. For stakeholders, 
rangeland provide many environmental services. 
Plant composition is related to diversity, plant cover 
is related to soil protection and all the services related 
to soil like nutrient cycling, carbon sequestration, 
water retention, and erosion and prevention of 
desertification. Thus, stakeholders emphasize 
preservation of rangelands for the benefit of present 
and future generations.  However, this approach 
also benefits stakeholders, because it gives them the 
opportunity to develop research and management 
plans and make a living.   Pastoralists’ incomes, 
well-being and development opportunities depend 
almost exclusively on rangelands. Pastoralists 
focus on peatbogs because they are the key to their 
survival.  The interests of both groups are distinct, 
but both are valid and complementary but are often 
in conflict. 

The scale of view of the problem can also explain 
the different perceptions of pastoralists and 
stakeholders. Pastoralists view of degradation 
is limited to the land they manage, whereas 
stakeholders have a national or regional view. 
Pastoralists’ perceptions reflect the current 
situation of rangelands they or their neighbours 
manage. They can be heterogeneous because 
conditions vary from one person’s pasture to 
another’s. Stakeholders’ perceptions of rangeland 
conditions are based on average conditions at 
a national or regional scale and so there is more 
agreement among them. 

Pastoralists and stakeholders use different 
indicators when appraising rangelands that 
inform their perceptions because of their 
different lifeworlds (influences, experiences, and 
biographies) and thus construct reality differently 
(Long, 1989).  Each group based on their own 
life circumstances have distinct constructions.  
The reality for stakeholders is that rangelands are 
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severely degraded and the construction of reality 
of pastoralists is that rangelands beginning to 
degrade. Peruvian stakeholders’ perceptions are 
deeply influenced by the western theory of Range 
Condition and Trend (RC&T) model and by 
Harding’s theory of tragedy of the commons. The 
RC&T model also known as “range succession 
model”, is an equilibrium model based on the 
Clementsian vegetation succession theory. This 
model assumes that range-livestock systems 
operate in environments that are generally stable 
or equilibrial, and that only one climax vegetation 
exists, so vegetation composition and production 
below the climax are degraded.  This RC&T model 
assumes that range managers have control of the 
system, and consequently, that range condition 
is the result of their decisions. So, maintaining 
rangeland condition requires determining carrying 
capacity and regulating stocking rates. This model 
informs our stakeholders and has dominated range 
science in Peru for more than 50 years. Based on 
this approach, the official website of department 
of agriculture affirms that current condition of 
Peruvian Andean rangelands is between poor and 
very poor (www.midagri.gob.pe).  

The RC&T model suggests that Peru has no 
rangelands in good condition and that most are 
overgrazed and in poor condition.  Interestingly 
this is at odds with the fact that livestock numbers 
have increased over the years (www.midagri.gob.
pe). This model does not fit well in regions like 
the Altiplano that have high climate variability.   
Because most rangelands are managed by poor 
peasant communities, the stakeholders have 
turned to Hardin’s tragedy of the commons 
theory to explain degradation and to be the basis 
of development policies.   The stakeholders tend 
to ignore the fact that rangelands do not fit the 
definition of a commons, they are managed by 
communities, that do limit access and have some 
regulations (Palacios, 1984; Postigo and Young, 
2008; Turin, 2019). Although, in the late 80s 
early 90’s, RC&T model was challenged by non-
equilibrium models (Ellis & Swift, 1988; Westoby 
et al 1989; Ellis et al. 1993). Furthermore, the 
management models based on Hardin’s framework 
have largely failed (Ostrom 1990).  In spite of this, 

Peruvian stakeholders have remained true to the 
RC&T model.  This model is the only one taught 
in. 

Pastoralists’ perceptions are based on daily life 
experiences and the need for family income 
in a context where there are no options for 
diversification.  In addition, their extreme poverty, 
migration, labour scarcity, and government 
programs are undermining their ability to manage 
rangelands as they might wish (Coppock et al 
2017; Turin 2019).

Given distinct lifeworlds, stakeholders tend to 
exaggerate rangeland degradation and pastoralists 
tend to minimize them. Both social constructions 
of rangeland degradation may be valid and 
legitimate. However, different perceptions of 
rangelands degradation lead inaccurate policies 
or erratic behaviours. Thus, stakeholder aim 
to reduce the stocking rate and promote land 
privatization.  Pastoralists tend to overexploit 
rangelands to increase animal production. This 
difference has enormous implications for any 
initiatives for sustainable rangeland development. 
Although groups have contrasting perceptions of 
rangeland degradation, their goals and interests are 
both opposed and complementary. It is important 
to understand the reasons for this contrast in order 
to promote a common understanding of current 
rangeland conditions. Any attempt to improve 
rangeland conditions must be based on mutual 
understanding. A common understanding of users 
and stakeholders can be achieved with the use of 
more comprehensive and integrated management 
and monitoring models that include both groups as 
key actors, using their knowledge and participation. 
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Abstract
The need for renewable and carbon-neutral energy is growing as fossil fuel supplies decrease and 
concerns of climate change increase. C4 grasses are among the most efficient carbon accumulators. 
Sugarcane (Saccharum officinarum) is a renewable bioenergy crop with low inputs and high yields, 
but it is limited to tropical and sub-tropical climates. A close relative, Saccharum spontaneum, readily 
hybridizes with S. officinarum. S. spontaneum lends cold tolerance and higher yields to the hybrid 
progeny, called energycane. The Sugarcane Breeding Unit (USDA, Houma, Louisiana, USA) selected 
twenty-six genotypes for testing at Mississippi State University to determine production and cold 
tolerance at latitude 33.4552° N. Twenty of these genotypes were chosen after the first year for further 
testing against an energycane check (Ho02-113) and a sugarcane check (L01-299). Seed cane were 
harvested and planted in the fall of 2019 and 2020 in randomized complete block design with four 
replications. Plots were 6.1 x 1.8 m, fertilized once at a rate of 168 kg N ha-1. Cane heights and stand 
counts were collected to monitor genotype growth. At the end of the season, canes were taken for fresh 
weight, dry weight, °Brix, and sap volume. End of season characteristics of first year growth were: 
Mean height ranged from 73 to 204 cm; cane number ranged from 9,530 to 68,171 canes ha-1.  Plot fresh 
weights ranged from: 19.9 to 61 Mg ha-1. Mean value of °Brix ranged from 8.9 to 13.7. Mean extractable 
sap volume ranged from: 2311 to 16,821 L ha-1. Theoretical ethanol yield was calculated for sap and 
from dry matter. Total theoretical ethanol yield ranged from 939.8 to 3261.2 L ha-1.

Introduction 
Fossil fuels’ adverse effect on the environment and 
finite supply are two major concerns facing energy 
consumption today. Only about 50 years’ worth of 
petroleum remain according to a world study on 
fuel by British Petroleum in 2016 (BP Statistical 
Review of World Energy, 2016). The U.S. was the 
largest single consumer of oil in 2018 according 
to the U.S. Energy Information Administration 
(2020). With increasing demand for fuel and 
diminishing supplies, renewable sources of fuel 
must be utilized. Biomass from perennial grasses 
offers renewable sources of energy with lower 
inputs than annual crops, and their use has been 
on the rise. Renewable energy (including biofuels) 
grew by the largest increment for any source of 
energy in 2019, and U.S. was the second largest 
contributor to their growth (SRWE, 2020). 
Sugarcane is a renewable and high-yielding source 
of liquid fuel. Ethanol production from sugarcane 
already accounts for 15% of Brazil’s total liquid 

fuel consumption and 50% of light vehicle fuel 
consumption. In the U.S., the mandated goal for 
of alternative liquid transport fuels is 136 billion 
liters by 2022. Corn ethanol is capped at 42% of 
that goal (57 billion L yr-1; Fedenko et al., 2013). 
Energycane is a hybrid between commercial 
sugarcane (Saccharum officinarum) and the wild 
species Saccharum spontaneum. Saccharum 
spontaneum can be found across Asia and is 
adapted to many environments. The S. spontaneum 
germplasm used to generate the genotypes in this 
study came from the Tibetan Himalayas (a much 
colder climate than is suitable for sugarcane). 
Energycane does not produce as much sugar as 
sugarcane, but produces more lignocellulosic 
biomass, which can also be used to produce fuel. 
The use of lignocellulosic biomass to produce 
fuel is referred to as “second-generation.” could 
as much as double the production of ethanol that 
sugarcane offers (Waclawovsky et al., 2010). This 
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study aims test energycane genotypes at 33.4552 
°N latitude to evaluate cold-tolerance and viability 
as a bioenergy crop.

Materials and Methods
This research was conducted at Mississippi State 
University at the H.H. Leveck Animal Research 
Center (33.423582, -88.792412) near Starkville, 
MS. The germplasm in this study is derived from 
energycane breeding material that was provided 
by Dr. Anna Hale (USDA-ARS, SRU; Houma, 
LA). Twenty genotypes were selected for testing: 
AFRI15-1, 3-9, 11-13, 15, 18, 19, and 20-25. A 
released energycane variety, designated Ho02-
113, and a sugarcane variety, L01-299 served 
as a checks for this study. The genotypes were 
planted randomized in a complete block design 
with four replications in the fall of 2019. The 
soil is characterized as Catalpa silty clay loam, 
classified by fine, smectitic, thermic Fluvaquentic 
Hapludolls. Rows were 12.2 m (40 ft.) long and 
1.8 m (6 ft.) on center. To plant at this location, 
furrows were pulled across the entire planting site. 
Seed canes were cut and the apical meristem of 
the cane removed to make each cane to be planted 
measure either 1.8 m, 2.4 m, or 3 m depending 
on original height. Seed cane were laid in every 
other furrow overlapping by approximately one 
third of each cane length. Canes that were 1.83 m, 
were planted 10 to a furrow, 2.44 m planted 7 to 
a furrow, and 3.05 m planted 6 to a furrow. Canes 
were covered with soil using a three-point tilt 
scraper blade. Phosphorous, potassium, and lime 
were applied based on soil test. Nitrogen (UAN; 
30-0-0-5S) was applied at a rate of 168.13 kg ha-1 
using a knife rig on 17 June.

Stalk heights and stand densities were taken 
starting on the 16 June and ending on the 15 

October.  Weekly mean heights were graphed to 
visualize relative growth and rate of growth, and 
determine the onset and cessation of the Grand 
Growth period. Heights were taken from each 
cultivar via random sample of five canes per plot 
and the mean of each genotype was calculated. 
Stand densities were obtained by counting each 
stem in each plot and calculating stalks plot-1 to 
stalks ha-1. 

End of season harvest was performed with a Cibus 
S Wintersteiger® plot harvester (Ried im Innkreis, 
Austria). A random cane was sampled from 
each plot in each replication. Whole canes were 

crushed in a three-roller electric sugarcane juicer 
(Plant Based Pros®, Jersey City, NJ). Two °Brix 
readings were recorded and averaged to generate 
a mean for each genotype. The total volume of 
juice extracted for each genotype was recorded. 
After juicing, crushed canes were weighed and 
dried to completion for dry matter determination. 
Each plot was harvested and weighed. A sub-
sample of canes chopped by the harvester from 
each genotype was obtained, weighed, and dried 
to verify moisture determination. The means for 
wet weight, dry weight, °Brix, heights, and sap 
volume of each genotype for all four replications 
were calculated. The data of each analysis was run 
for mean separation via ANOVA and LSD. 

To predict fermentation ethanol yield from sap, 
stalk counts for each plot were calculated to stalks 
ha-1. Sap volume from the sample cane from that 
plot was multiplied by stalks ha-1 to get L ha-1. 
This number was multiplied by the °Brix reading 
as a percent for the sample cane from that plot to 
obtain soluble sugars ha-1. 

 Eq. #1 Sap volume (L) ha-1 x (°Brix x 
0.75) x 0.581 = theoretical ethanol (L) ha-1

       
   (Wortmann et al., 2010)

Soluble sugar ha-1 was multiplied by 0.75 assuming 
that 75% of the °Brix reading is fermentable 
by yeast. This value was then multiplied by 
0.581 according to the stoichiometry of yeast 
fermentation: C6H12O6 + yeast = 2C2H5OH + 2CO2. 

To estimate second-generation theoretical ethanol 
yield from hydrolysed cellulosic biomass, dry 
matter (Mg ha-1) was multiplied by 174.2 (a 
constant) to get ethanol L ha-1 (Equation 2). 

    Eq. #2 Mg ha-1 x 
174.2 = L ha-1 

       
  (Dias et al., 2012)

To calculate total theoretical ethanol yield, the 
theoretical ethanol yield from sap was added to 
the theoretical ethanol from dry matter. The total 
theoretical ethanol yield means were then run 
using the PROC MEANS and PROC GLM to 
obtain mean separation.
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Results
Monitoring growth indicated that all genotypes 
began Grand Growth the first week of July when 
soil temperatures at a depth of 20 cm were at 30 
°C. Genotypes were still in Grand Growth at the 
15th of October even though the soil temperature 
at 20 cm in depth had dropped to 15 °C with 
the exception of genotype AFRI 15-9.  Variance 
around the means, prevented the determination of 
a single “tallest” genotype. Genotypes AFRI15-
3, 5, 25, 23, and 13 ranked as the five greatest 
mean heights, respectively. The energycane check, 
Ho02-113, was ranked third shortest. There were no 
significantly differences for ethanol from sap. With 
regard to extractable sap, 16 genotypes exceeded 
energycane check; four genotypes exceeded 
sugarcane check. When calculating theoretical 
ethanol yield from dry matter, two genotypes 
exceeded both checks. There was no significantly 
highest total theoretical ethanol (LSD 0.05 = 967 
L ha-1). The genotypes with the greatest ranking 
for total theoretical ethanol yield were AFRI15-
25, 8, 21, 13, and 3 with 3261, 3067, 2999, 2991, 
and 2981 L ha-1, respectively.  Ho02-113 yielded 
2386 L ha-1. The ANOVA indicated a replication 
effect; replication 1 had the lowest yields in every 
category and replication 4 the highest yields.

Discussion
The replication effect can be attributed to drainage 

issues in replication 1 which contributed to high 
variation around the means, preventing clear 
mean separation. The genotype AFRI15-3 ranked 
in the top five in every category. AFRI15-21 and 
8 ranked in the top five for theoretical ethanol 
yield. AFRI15-13 was not in the top five for 
ethanol from sap, but ranked in the top five for 
theoretical ethanol from dry matter and as a result 
for the total; indicating this genotype makes up in 
lignocellulosic biomass-derived ethanol what it 
lacked in sap production. Based on these data, a 
strong genetic influence from the S. spontaneum 
parent is present in these genotypes. AFRI15-25, 
8, 21, 13, and 3 should be considered for further 
testing and breeding as bioenergy crops for 
extreme latitudes. These genotypes out-performed 
the released variety Ho02-113 in every category at 
this northern location. Although many genotypes 
did not yield as much calculated ethanol as 
commercial sugarcane in Brazil (Waclawovsky 
et al. 2010), Starkville is 3663 kilometers north 
of the equator. Based on their cold tolerance 
and perennial nature, they still have valuable as 
bioenergy crops at temperate locations. 
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Abstract
Drylands occupy over 40% of the earth’s surface and are home to more than 2 billion people. Drylands 
are key to the food and nutritional security of the planet and vital to the economies and livelihoods of 
dryland inhabitants. Yet, drylands are commonly perceived as unproductive, economically inefficient 
and marginal lands where small-scale farmers and pastoralists practice environmentally degrading 
activities. Driven by inadequate understanding and misconceptions of the drylands, policy-makers 
devise inappropriate policies and interventions. The BRECcIA project developed an online Drylands 
Perceptions Survey to understand the perceptions of researchers, practitioners and policy makers working 
in the drylands of Kenya, Malawi and Ghana. This paper presents results from a pilot of 40 responses 
and is part of a wider ongoing study. Results show that many respondents subscribe to a number of 
common drylands statements or assumptions, although other statements are challenged and respondents 
disagree with the assumptions. In another set of cases, respondents had mixed views and a more nuanced 
picture emerged that is context dependent. Through the BRECcIA project, the survey findings are being 
used to shape the development of new and revised dryland training courses with a more critical policy 
and research focus for policy-makers, practitioners, researchers and students in Kenya.

Introduction
Drylands occupy over 40% of the earth’s surface and 
are home to more than 2 billion people. Drylands 
are key to the food and nutritional security of the 
whole planet and support livestock production 
and crop cultivation vital to the economies and 
livelihoods of dryland inhabitants. Yet, there is 
inadequate understanding and misrepresentation 
of dryland systems. Drylands are commonly 
perceived as unproductive, economically 
inefficient and marginal lands. Global and national 
policy narratives present drylands as fragile areas 
where small scale farmers and pastoralists practice 
environmentally degrading land use activities, for 
example, through overstocking and overgrazing 
the land.

Many of these commonly held beliefs about 
the drylands are so pervasive they have almost 
become ‘truisms’ – assumptions so entrenched and 
fundamental that they are rarely if ever subject to 
critical scrutiny. In most cases, these beliefs are 
not grounded in a dispassionate examination of 
the empirical evidence, yet they are frequently 
encountered in development programming 
documents and they continue to influence policy 
frameworks and initiatives both directly and at a 

distance (Farvar, 2003; Krätli, 2013; Odhiambo, 
2013; Shanahan, 2013).  

Beliefs such as these have many different sources, 
both formal and informal. People are exposed to 
recurrent tropes of the drylands (and the people 
who live in them) throughout their education, 
through cultural stereotypes and media portrayals. 
Certain misunderstandings and partial framings of 
the drylands are even the basis of some academic 
and professional disciplines. These beliefs are 
often woven together into motivating stories, or 
Policy Narratives (Roe, 1994) that are used to 
justify policy choices and specific interventions 
which are ill-suited to the drylands or the people 
that live in them. Not only do these stories 
enable inappropriate and harmful development 
that increases vulnerability and decreases food 
and water security, they also crowd out other 
perspectives and alternative approaches to resilient 
development based upon realities, understandings 
and knowledge. 

The BRECcIA (Building Research Capacity for 
Sustainable Water and Food Security in Drylands 
of Sub Saharan Africa) project is challenging 
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these common dryland stereotypes by devising 
tailor made trainings that critically examine 
these conceptual framings, providing better 
understanding the drylands and promoting policy 
responses that exploit their highly variable and 
dynamic conditions. BRECcIA is made up of a 
community and network of dryland researchers 
and stakeholders, and aims to strengthen research 
capacity and capability in Ghana, Kenya and 
Malawi to carry out impactful research that leads 
to positive policy change for sustainable water and 
food security.

To understand the current perceptions of a range 
of actors who work in the drylands, the BRECcIA 
project developed an online Drylands Perceptions 
Survey. The survey is targeted at researchers, 
practitioners and policy makers, working in the 
drylands of Kenya, Malawi and Ghana. The aim 
of the survey is to understand how those who are 
involved in dryland’s research, policy or practice, 
view the drylands and if / how their background 
and experience affect their perceptions. This 
paper presents results from an initial pilot of the 
survey. The 40 responses consist predominately of 
researchers and academics working in institutions 
in Kenya, Ghana, Malawi and UK, as part of the 
BRECcIA project.

Materials and Methods
BRECcIA team members developed an online 
survey in SurveyMonkey. The pilot survey was 
sent out through email to all BRECcIA team 
members in partner institutions across sub-Saharan 
Africa and UK. In the next phase of research 
currently underway, University partners in Ghana, 

Malawi and Kenya will send the survey to relevant 
departments working on dryland issues. The survey 
will also be sent to BRECcIA’s network of dryland 
stakeholders in Ghana, Malawi and Kenya. 

The survey consists of 26 statements drawn from a 
pool of dryland narratives or assumptions that are 
commonly encountered in development and policy 
circles. Current policies in each country and global 
programming documents were reviewed to provide 
evidence for these statements. Respondents are 
asked to rate each statement on a 5-point Likert 
scale ranging from ‘Strongly disagree’ through 
‘Neither agree nor disagree’ to ‘Strongly agree’. 
For each statement, respondents are also invited to 
add an open-ended response to explain the reasons 
for their rating. Lastly, respondents are asked 
to provide background information including: 
profession; years of experience; country of origin; 
gender; and educational background. These 
demographic questions will be used to assess 
whether respondents’ background attributes shape 
their perception of the drylands, and are being 
used as part of the wider study.

Results
Here we present results of the pilot of 40 responses 
from mostly academics and researchers working 
on dryland issues. Table 1 shows a sample of 
10 statements and the mix of responses to each 
statement. More respondents agreed or strongly 
agreed with the statements, compared to fewer 
disagreeing or strongly disagreeing. This indicates 
that the majority of respondents subscribed to 
these dryland assumptions or narratives. 

Table 1: Sample of 10 dryland statements and 
responses across the 40 respondents

Statement Strongly 
disagree

Disagree Neither 
agree nor 
disagree

Agree Strongly 
agree

Dryland environments are the most affected 
by land degradation 

6 3 7 8 16

There is a scarcity of natural resources in 
the drylands 

8 9 10 7 6

Climate change is causing greater scarcity 
of resources resulting in increasing compe-
tition, which can lead to conflict. 

2 3 6 12 17

The natural environment in the drylands, 
especially low and variable rainfall, is a ma-
jor constraint for food production (livestock 
and crops) 

3 7 4 12 14
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Statement Strongly 
disagree

Disagree Neither 
agree nor 
disagree

Agree Strongly 
agree

Production strategies used by small-scale 
dryland farmers are inefficient and degrade 
the environment 

5 5 12 12 6

Pastoralism is a livestock system charac-
teristic of ecosystems that are not used for 
growing crops 

5 6 5 15 9

Drylands are water scarce areas. To improve 
livestock productivity, more water points 
need to be established in the rangelands 

6 5 7 9 13

Large scale irrigation is necessary in the 
drylands for more secure crop and fodder 
production 

15 2 10 7 9

Sedentarising pastoralists is essential for 
improving their health and living conditions 

10 7 10 7 6

Modern livestock keeping systems like 
ranching are more productive and efficient, 
and contribute more to the economy than 
pastoralism 

8 5 7 16 4

As illustrated in the graphs below, in certain 
statements there was relative consensus where the 
majority of respondents either strongly agreed/
agreed or strongly disagreed/disagreed. There 

were also a few statements where respondents had 
opposing views, with a range of responses and 
no overall trend. Some quotes are presented to 
illustrate and contextualise the responses.

Relative consensus – Agree

‘The reason why they are fragile is that any small change in 
climate conditions has very pronounced impacts’

Relative consensus - Disagree ‘Because they have to keep on looking for pasture 
and water’

‘The land is owned communally because of seasonal nature of 
resources that makes mobility the best strategy to use natural 
resources’
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‘Depends on the context. Although women may be less 
likely to own large livestock, they may still have a say 
in how assets are used’

‘Titling in many pastoral areas has resulted in increased 
overgrazing and degradation’

Opposing views

Discussion

Results from the pilot study reveal that many 
common dryland assumptions or myths are still 
widely held among researchers working in the 
drylands. However, in a number of statements, 
most respondents disagreed with the statement, 
revealing that some of the assumptions are now 
being challenged. Also of interest is that there 
are opposing views to some statements, and the 
qualitative perspectives reveal how statements are 
context dependent and require a more nuanced 
examination of the evidence upon which they 
are based. The next stage of the research will 
elucidate how perceptions are influenced by 
respondent attributes such as profession, years of 
experience, and country of origin, from a wider 
range of dryland researchers, practitioners and 
policy-makers. 

The survey provides justification for the 
development of courses that challenge the common 
rhetoric and stereotypical views frequently 
associated with the drylands. The survey findings 
are currently being integrated into the development 
of BRECcIA devised trainings with a more critical 
policy and research focus for policy-makers, 
practitioners, researchers and students in Kenya.
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Uses of native plant species of a communal rangeland within ‘Sierra de Huautla’ protected area, 
México  
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Abstract
Sustainability of communal rangelands has become a major concern at national and international levels 
because land use conflicts and associated social conflicts allows for over-utilization of selected species 
making a high pressure on them and given away their places to species with no use at all becoming 
lands degraded and unproductive. The objective of the study was to determine floristic composition and 
native plant uses by local peasants. The range surface is of 4262 ha, belongs to the communal land ‘El 
Limon’, in Tepalcingo, Morelos, Mexico, and it is within the Natural Reserve Area “Sierra de Huautla”. 
Native vegetation is mainly of deciduous shrubs, high temperatures year round and a rainy season of 4 
months. Local peasants were surveyed on uses of the collected and previously identified plants. Number 
of species was 456, distributed in 266 and 76 botanical genders and families, respectively. Of the species 
identified 66, 22 and 12% had one, two or more than two uses according to local peasants. Among uses: 
59% of the species were used as forage, 8% eatable, 7% firewood or ornamental, 6% medical herb, 
lumber or other use 4 %, construction material 3 % and for resin or handcraft 1%. The range showed a 
very high plant biodiversity, this feature allows for a high resiliency toward human activities.
Introduction
Land use and social conflicts are taken communal 
rangelands to be overstocked, with poor planning 
of resting periods and without the implantation of 
rehabilitation protocols, these have been driving 
forces to land and vegetation degradation in these 
ecosystems. Poor livestock grazing planning is 
leading to over-utilization of selected forage and 
browse species, which under this high pressure 
surrender their places on the range to plant species 
livestock don´t consume and to bare ground, 
areas of the range with no vegetation cover, both 
conditions drive to unproductive rangelands 
(Selemani, 2014; Ibarra et al., 2018).

Government and Non-government agencies 
and organizations promote changing communal 
rangelands into protected areas, in which 
conservation and rehabilitation protocols could 
be applied, providing benefits to local people and 
securing the conservation of all natural resources 
within these ecosystems. Multiple use of the 
rangeland and grazing control go hand in hand 
in this effort to preserve nature and benefit local 
people (Fernández et al., 1998).

‘Huautla Sierra’ protected area incorporates 
within its extension some communal rangelands, 
in the south of the state of Morelos, Mexico, and 
goes along these lines of benefit local people and 

preserve nature for future generations.  Rangeland 
multiple use approach requires to know and 
identify actual native plant species (Cabrera y 
Gómez, 2005) and uses by local people. Then, 
the objective of the study was to describe a plant 
species inventory and uses by local people to 
provide basic information to build a multiple use 
of the communal rangeland.

Materials and Methods
This study was done in ‘Ejido El Limón de 
Cuauchichinola’ a communal rangeland of 4,262 
ha, located in the county of Tepalcingo, Morelos 
state, Mexico within the  Huautla Sierra protected 
area; native vegetation is tropical deciduous shrubs  
(Fernández et al., 1998).

From 2005 to 2007 there were field collection of 
plant species every 14 days, these field expeditions 
were done with local people with extensive 
knowledge of plant species. Plant identification 
was done by plant identification guides, comparing 
against plant materials in different herbariums and 
plant collections in the University of Chapingo, 
Polytechnic National Institute and National 
Autonomus University of Mexico.

Plant uses were recorded from interviews with 
local people and key informants, and grouped in 
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ten categories. One plant could have more than one 
use so plants were grouped by number of possible 
uses in one, two three or more.

Results
Plan species inventory was made out of 456 
species from 76 botanical families, three botanical 

families provided 41% of the plant species found 
in the communal rangeland. None of the other 73 
botanical families provided 10% or over of the 
plant species found (Figure 1). The three major 
botanical families were: Asteraceae, Fabaceae and 
Poaceae.

Figure 1: Distribution of botanical families by proportion of plant species provided in a communal 
rangeland within de Huautla Sierra protected area, state of Morelos, Mexico.

Distribution of plant species by number of uses 
is shown in Table 1, out of the 456 plant species 
found, 431 (94.5%) showed from one to more uses, 
as told by local people interviewed. Among plant 
species with at least one use, over half of them was 
identifies with just one use. A little over 10% of the 
plant species were identified to have over two uses

Plant species
Number of uses Number Proportion (%)
1 286 66.3
2 93 21.6
3 or more 52 12.1
Total 431 100

Native plant uses were grouped into major nine 
specific uses, out of these nine, forage/browse 
use was found to be applied to 388 plant species, 
which provided up to almost 60% of the plant 
species with at least one use (Table 2).  Suitable 
for human consumption and ornamental were the 
other two uses that grouped a good amount of the 
plant species.

Table 2: Distribution of plant native species found in 
a communal rangeland distributed by use identified 
by local people

Local use Number of 
species

Proportion (%) 
of species

Forage/
browse

388 59

Eatable  55 8
Ornamental  48 7
Firewood  43 7
Traditional 
medicine

 38 6

Fence posts  27 4
Building  18 3
Handcrafts    6 1
Oils and 
plant resin

   6 1

Other  27 4
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Discussion
The common rangeland under study has a plant 
species inventory able to support livestock grazing; 
however, the great diversity in plant species and 
the local knowledge of other uses besides forage/
browse allow for the implantation of multiple use 
strategies in which uses as food and ornamental 
are something that should be worked out.

The large proportion of plant species in the Fabaceae 
family opens the horizon to the introduction of soil 
rich biological nitrogen and then the establishment 
of plant species that could take advantage of this 
source of nitrogen.

It was concluded that the plant inventory and 
knowledge of local uses of plant species are two 
major inputs to develop a plan for multiple use 
of the communal rangeland and then be a factor 
in the goal of having rangeland management that 
benefit local people at the same time that preserve 
the ecosystem
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A Scalable and Participatory Sustainable Rangeland Management toolkit with a holistic and 
multidisciplinary approach to rehabilitate degraded rangelands  
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Abstract
Rangelands contribute significantly toward improving livelihoods, offering food security, trade and 
tourism for pastoral communities. Numerous challenges include poor government policies, loss of 
indigenous knowledge and top-down approaches toward sustainable rangeland rehabilitation that often 
fail to consider local development adoption and sustainability. In such situations, effective management 
is needed for sustainable rangeland ecosystem goods and services in a context characterized by 
rainfall unreliability, poor soil nutrient status and high uncontrolled grazing. This paper presents a new 
comprehensive toolkit for identifying and combining suitable and site-specific interventions aimed at 
reversing the trend of degraded arid rangelands. This toolbox is founded on science-based evidence 
and experienced practitioners. For severely degraded arid rangelands, the preference of applying an 
isolated technology may be insufficient to halt degradation. Through targeting a landscape scale that 
uses an integrated and multidisciplinary approach, this promising tool/approach aims to address the 
biophysical and socioeconomic linkages and trade-offs existing between the different land uses. The 
approach highlights the important role of rangeland governance. It also underscores the need to base 
decision-making on both indigenous knowledge and modern science, in order to empower communities 
to make good choices based on the best information available.

Introduction
Rangelands cover about 40% of the world’s 
landmass and are vital to us all for the goods and 
services they provide (Lund 2017). They support 
more than 50% of the world’s livestock grazing 
by providing about 70% of the feed forage. 
Unfortunately, rangelands are experiencing a 
steady trend of degradation due to human activities 
and human-induced climatic change (Hudson 
et al., 2017). Additionally, most large-scale 
rehabilitation has been doomed to failure for two 
main reasons: (1) lack of a governing body able 
to resolve internal conflicts among pastoralists and 
(2) even when dealing with a more uniform and 
coherent body, appropriate grazing management is 
not understood. For instance, many development 
agencies still endorse a conservation approach 
relying on strict protection (fencing). In many 
degraded arid rangelands, long-term exclusion 
(removal of animals) has resulted in further 
degradation of ecosystems through the blockage 
of succession and water and mineral cycles. In 
contrast, controlled grazing enhances long-term 
recovery and resilience. Livestock hoofs break up 
the hard-crusted soils common to arid rangelands, 
allowing rainfall to penetrate the soil and seeds to 

germinate; and, in the case of perennial grasses, 
grazing removes oxidized plant material that 
would otherwise remain on the top of plants and 
prevent photosynthesis, causing the plant to die 
after several years (Savory and Butterfield, 2016).

Management strategies for optimal use of arid 
rangelands
Approach

For arid rangelands, the preference of applying 
an isolated rehabilitation technology may not 
halt degradation because the heterogeneity of 
the geomorphology, even at micro scale, and the 
landscape very often require the use of packages 
combining more than two different tools. 
For instance, planting fodder shrubs on steep 
slopes needs to be combined with an adequate 
water harvesting technique, considering the 
low and unpredictable rainfall amounts in such 
environments. Also, direct seeding in degraded 
rangelands needs to be executed in conjunction 
with soil scarification to reactivate soil water 
retention and increase seedling emergence and 
likelihood of germination. Keeping in mind, 



950

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

it is still critical to combine the use of different 
rehabilitation tools using a participatory approach, 
to move away from the paradigm view considering 
pastoralists as agents of degradation. To achieve 
this goal, rehabilitation options identified for a 
specific degraded rangeland need to be holistically 
integrated using land degradation indicators in a 
manual-style decision support system for the long-
term sustainable production of rangelands in arid 
environments.

Putting participation and governance into 
sustainable rangeland management

The participatory approach has become part 
of the normal language of many sustainable 
development strategies. Policies and practice have 
sought to approach people and so encourage local 
participation. As a result, social conflicts have 
decreased in many communal rangelands, and 
management goals themselves have frequently 
been acceptable. Capacity development and 
awareness-raising related to the governance 
of natural rangeland is also an essential part 
of sustainable rangeland management (SRM) 
(Werner and Louhaichi 2017).

Common SRM practices

When the status of degradation is very advanced, 
the recovery process will be very slow and 
requires specific intervention to at least neutralize 
degradation and slowly bring the site back to a 
more stable status. There are numerous SRM 
practices, and in this paper, we simply stress the 
main ones.

Shrub plantations: In order to alleviate the 
spread of rangeland degradation, shrub plantations 
provide a large amount of fodder for livestock, 
combat desertification, and play a key role in 
natural resource conservation. However, it can be 
frustrating when shrub seedlings fail to establish. 
For instance, in the arid steppes of south Tunisia, 
introduced species have generally performed very 
poorly (Le Floc’H et al., 1999). However, native 
species such as Atriplex halimus, Rhus tripartitum, 
Periploca laevigata and Calligonum comosum, 
have been successfully established in degraded 
areas and have replaced the introduction of exotic 
species. The toolbox highlights key steps ensuring 
effective establishment and maintenance when 

planting shrubs/trees.

Reseeding and/or direct seeding: Rehabilitation 
of arid rangeland by reseeding key-stone species 
can lead to a rapid increase of plant cover and 
density. The success of this practice is dependent 
on the degree of disturbance, soil type and climate 
condition, and must coincide with soil humidity 
to favor germination and emergence of seedlings. 
Seeding on sandy soils shows a high rate of success. 
There are different methods of rehabilitation by 
seeding such as broadcasting and seed dropping 
behind the plow. Manual drill seeding and dibbling 
in small areas, consisting of making small holes 
in the ground using a stick and dropping seeds by 
hand, are better traditional methods of sowing the 
seeds. Once the seeds are put in the holes, they are 
then covered with soil (Louhaichi et al., 2014).

Resting and deferred grazing: Rangeland 
improvement techniques in arid areas have 
emphasized deferred grazing as an efficient 
practice to restore vegetative cover at low cost 
(Ouled Belgacem et al., 2019). A stocking rate 
not exceeding the carrying capacity is necessary 
to maintain grazing operations under changing 
conditions and ensure long-term continued 
productivity of forage. Short-duration grazing 
should leave at least 40% of the vegetation so that 
it is not damaged and to allow its fast recovery 
(Gamoun et al., 2015).

A new support toolbox for adaptive sustainable 
rangeland and management

To address how rangeland management varies 
among different climate conditions, soil types 
and vegetation conditions, and how long grazing 
exclusion is required to be effective, we thought 
to develop a new guide for rangeland management 
and sustainability. This guide is an appropriate 
toolbox describing effective approaches that can 
be viewed as a more credible information source 
of structured decision-making. To our knowledge, 
short-term grazing exclusion is one of the most 
effective methods to restore degraded rangeland 
and is widely adopted in arid rangeland of south 
Tunisia (Figure 1).

Figure 1: Case study of arid rangeland in Southern 
Tunisia.  GE, grazing exclusion; WHT: water 
harvesting techniques.
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 Conclusion
Given the steady degradation of arid rangelands, 
cost-effective techniques and protocols for 
attaining land degradation neutrality are needed. 
The toolkit will help communities, policy makers 
and other development actors define site-specific 
key SRM practices and illustrate their use through 
scenarios across different agro-ecological sites. 
Ideally these SRM practices should be combined 

with financial incentives to increase their adoption 
at the community level (Louhaichi et al., 2016).
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Abstract
Livestock stocking rates and decisions about how to move animals in time and space impact plant 
responses to livestock grazing. We report on a ranch-scale collaborative experiment comparing adaptive 
rotational grazing management to season-long continuous grazing during a 4.5-month grazing period 
during the growing season. As part of this project, stakeholders and scientists worked together to articulate 
their hypotheses about the mechanisms linking rotational grazing with expected vegetation outcomes. 
Several stakeholders expected rotational grazing to enhance the production and diversity of grazing-
sensitive perennial grass species. The main hypothesized mechanism underlying this expectation was 
that rotation grazing should reduce regrazing of these grass plants. To test this hypothesis, we monitored 
patterns of grazing and regrazing on individual tillers (ramets) of a grazing-sensitive grass species, 
Pascopyrum smithii (western wheatgrass) for three consecutive years. We measured regrazing rates in 
paddocks managed using moderate stocking and adaptive rotational grazing as well as paddocks grazed 
continuously, season-long at light, moderate, or heavy stocking rates. Tillers in heavily grazed paddocks 
were regrazed more than three times as frequently as tillers in moderately grazed pastures, reinforcing 
the importance of stocking rate as a driver of vegetation impact. At the ranch-scale, tillers were regrazed 
equally often under adaptive rotational and season-long continuous grazing management, and this result 
did not vary across years. Adaptive rotational grazing greatly increased heterogeneity among paddocks 
in patterns of regrazing, with some paddocks experiencing high utilization and others experiencing low 
utilization. In this semi-arid rangeland, tiller defoliation data do not support the hypothesis that adaptive 
rotational grazing leads to less regrazing at the ranch-scale. In line with these mechanistic results, 
the production and diversity of grazing-sensitive perennial grasses also failed to respond to adaptive 
rotational grazing after five years. However, adaptive rotational grazing may enhance management 
flexibility and provide opportunities to work towards other objectives, such as wildlife habitat.

Introduction
Both clipping and grazing studies have found that as 
defoliation intensity or frequency increases, plant 
biomass and production tend to decline, though 
the magnitude of this decline varies by species 
(e.g., Broadbent et al., 2018; Buwai and Trlica 
1977). Given the importance of defoliation as a 

driver of grass production, considerable research 
has focused on how to limit defoliation frequency 
and intensity while still allowing grazing animals 
to utilize palatable forage. Marking tillers and 
documenting their defoliation by grazing animals 
is difficult, and therefore only a few studies have 
rigorously addressed this question, mostly in the 
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context of highly controlled experiments in small 
paddocks. These studies uniformly concluded that 
as stocking rate (the number of animals per unit 
land per unit time) increased, the occurrence of 
grazing and regrazing also increased (e.g., Derner 
et al., 1994; Hart et al., 1993; O’Reagain and Grau 
1995; Volesky 1994). 

Studies exploring the effects of rotational grazing 
on tiller defoliation have produced mixed results, 
often due to study designs confounding differences 
in grazing system with differences in stocking rates 
(Briske et al., 2011). For studies that did compare 
continuous (or lower stock density) and rotational 
(or higher stock density) grazing systems using 
similar stocking rates, results were also mixed. For 
example, the percentage of tillers grazed more than 
once was either similar (Hart et al., 1993; Volesky 
1994), higher (Gammon and Roberts 1978; 
Senock et al., 1993), or lower (Derner et al., 1994; 
Gammon and Roberts 1978, different species) in 
rotational than continuous treatments. Many of 
these studies concluded that the effects of stocking 
rate far outweighed the effects of grazing system, 
and that regrazing was relatively rare at moderate 
stocking rates regardless of grazing system. 

Two limitations of past studies on rotational 
grazing are their limited spatial extent (small 
paddocks) and the use of fixed grazing schedules 
that ignored the adaptive decision-making often 
associated with multi-paddock rotational grazing 
(Briske et al., 2011; Teague and Barnes 2017). 
To address these limitations, we investigated 
tiller defoliation dynamics of western wheatgrass 
(Pascopyrum smithii), a palatable cool-season 
grass, within the Collaborative Adaptive 
Rangeland Management (CARM) experiment, 
located in the shortgrass steppe of Colorado 
(Fernández-Giménez et al. 2019; Wilmer et al., 
2018). This experiment is a ranch-scale (2,600-ha) 
study evaluating responses of vegetation, cattle, 
and wildlife to 1) collaborative adaptive multi-
paddock rotational grazing (syn. CARM) and 2) 
season-long, continuous grazing traditionally 
used in this ecosystem (hereafter Traditional 
Rangeland Management, or TRM, Bement 1969). 
For CARM, decisions regarding objectives, 
annual stocking rate, and the sequence and timing 
of cattle movements among paddocks were made 
by an 11-member stakeholder group composed of 
ranchers, land management agency professionals 
and conservation organization representatives. 
Focusing on the effects of rotational grazing on 

frequency, intensity, and uniformity of defoliation, 
we asked (1) Did grazing treatment (CARM vs. 
TRM) affect the proportion of western wheatgrass 
tillers that were grazed, or the average number 
of times a given tiller was grazed?, and (2) Did 
the number of times a tiller was grazed affect its 
average, season-long change in length?

Materials and methods 
The study took place at the USDA-Agricultural 
Research Service Central Plains Experimental 
Range (CPER), a Long-Term Agroecosystem 
Research (LTAR) network site (https://ltar.ars.
usda.gov), located in north-central Colorado, USA 
(40°49’ N, 107°46’ W). Long-term mean annual 
precipitation on the CPER is 340 mm, with > 80% 
occurring during the growing season. Precipitation 
in 2017 was slightly above average throughout the 
season (water year precipitation = 377 mm), while 
in 2018 the site experienced a wet spring followed 
by a dry summer (water year precipitation = 264 
mm). Mean annual air temperature is 8.4ºC, and 
soils range from fine sandy loams to alkaline salt 
flats. Two warm-season (C4) shortgrass species 
(Bouteloua gracilis and B. dactyloides) comprise 
over 70% of aboveground net primary productivity 
at the CPER. Cool-season (C3) perennial grasses, 
warm-season bunchgrasses, plains pricklypear 
cactus (Opuntia polyacantha), subshrubs, and 
fourwing saltbush (Atriplex canescens) are less 
abundant but generate taller structure on the 
landscape.

Experimental design

To create the CARM experiment, twenty 130-ha 
paddocks were paired into 10 blocks where each 
block contained two paddocks similar in terms of 
soil and plant characteristics, topographic patterns, 
and prior management history of season-long 
grazing at moderate stocking rates (Augustine et al. 
2020; Fernández-Giménez et al. 2019). One pasture 
in each pair was randomly assigned to the TRM 
treatment, and the other paddock was assigned to 
the CARM treatment. The 10 CARM paddocks 
were grazed at moderate rates by a single, large 
herd of yearling steers managed by the stakeholder 
group using CARM. Each of the 10 paired TRM 
paddocks was grazed continuously, season-long 
(mid-May to early October) by a single herd of 
yearling steers at one-tenth the stocking density 
used in CARM. Thus, CARM and TRM shared 
the same ranch-scale stocking rate but differed in 
terms of stock density, paddock-level stocking rate, 
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spatio-temporal distribution of cattle, and the use 
of collaborative adaptive management (Augustine 
et al. 2020; Fernández-Giménez et al.. 2019). 
Details of the adaptive management strategy 
applied in CARM are described by Wilmer et al.. 
(2018). 

To enhance the inference space of the CARM 
results, data were also collected in two 130-ha 
paddocks that were part of a long-term grazing 
intensity study (Hart and Ashby 1998). One 
paddock had been grazed at a heavy stocking rate 
(targeted for 60% utilization of peak growing 
season biomass) and the other at a light stocking 
rate (20% utilization) every year since 1939. 
Both paddocks were managed using season-
long continuous grazing from mid-May to early-
October. Cattle in both experiments were mixed 
European breeds.

Data collection

We established four pairs of monitoring plots 
within each pair of paddocks, where each pair of 
plots was on the same soil type and topographic 
position. Annual monitoring of these plots over 
the first five years of the experiment showed no 
evidence that the CARM treatment enhanced 
western wheatgrass tiller densities more than 
the TRM treatment (Augustine et al.. 2020). For 
the current study, we established new 30 m-long 
transects (three per paddock) near the long-term 
monitoring transects with the highest densities 
of western wheatgrass. For the long-term light 
and heavy grazing intensity paddocks, we split 
each paddock into thirds along its north-south 
axis. Within each third (north, central, or south), 
we randomly selected a location for the tiller 
defoliation transect. If the randomly selected 
location did not have sufficient western wheatgrass, 
we moved the transect to the closest location with 
sufficient density of the target species. Along each 
30-m tiller defoliation transect, we used plastic 
twist-ties to mark 30 western wheatgrass tillers 
(ramets). At each meter along the transect, we 
marked the closest available tiller, being careful not 
to bias our selection based on tiller size. Marked 
tillers were sampled repeatedly throughout each 
growing season. At each sampling date, the total 

aboveground length of each tiller was measured. 
Evidence of grazing was recorded for each tiller, 
and grazed tiller tips were marked with white 
paint. If the white paint was still present at the next 
sampling date, the tiller had not been regrazed. 

Data analysis

We analyzed data using linear mixed models. To 
examine potential differences in response patterns 
between a wet year (2017) and a dry year (2018), 
each year was analyzed separately. For paddock-
scale analyses, tiller-level data were averaged at the 
transect level (three per paddock) before analysis. 
Response variables included the proportion of 
tillers on a given transect that were grazed and the 
average number of times a tiller was grazed per 
transect. Grazing treatment (CARM vs TRM) was 
included as a fixed effect, while random factors 
included block (paddock pair) and paddock nested 
within block. The unreplicated heavy and light 
grazing treatments were not included in statistical 
analyses, but we report findings to provide 
additional context for CARM and TRM results. 
We also conducted analyses at the tiller scale. For 
these tests we used similar models, but transect 
nested within paddock and block was added as 
an additional random effect. To assess impacts of 
grazing and regrazing on aboveground resources 
(e.g., photosynthetic capacity), we asked if the 
number of times a tiller was grazed affected its 
season-long change in length. 

Results
In 2017, a relatively wet year, approximately 40% 
of tillers were grazed in both CARM and TRM 
treatments (both moderately stocked), and the 
proportion of tillers grazed did not differ between 
treatments (F1,9=0.85, P=0.4). In the lightly and 
heavily grazed paddocks, 24% and 66% of the 
marked western wheatgrass tillers were grazed 
in 2017, respectively (Fig. 1a). In 2018, when a 
dry summer followed a wet spring, approximately 
25% of tillers were grazed in CARM and TRM 
treatments, and the proportion again did not 
differ between treatments (F1,10=0.08, P=0.8). In 
the lightly and heavily grazed paddocks in 2018, 
18% and 65% of marked tillers were grazed, 
respectively (Figure 1b)
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a          2017

b         2018

c

Figure 1:  Tiller defoliation patterns at CPER

In 2017, tillers experienced equal amounts of 
regrazing in the CARM and TRM treatments (Fig. 
1c; F1,9=0.06, P=0.8). Averaged across CARM 
and TRM treatments, 25% of tillers were grazed 
once, 11% were grazed twice, and 4% were grazed 
more than twice. In the heavily grazed paddock, 
30% of marked tillers were grazed once, 21% 
were grazed twice, and 15% were grazed more 
than twice, whereas in the lightly grazed paddock, 
15% of tillers were grazed once, 7% were grazed 
twice, and 2% were grazed more than twice. In 
2018, tillers again experienced equal amounts 
of regrazing in the CARM and TRM treatments 
(Fig. 1d; F1,10=0.08, P=0.8). Across CARM and 
TRM treatments, 20% of tillers were grazed once, 
4% were grazed twice, and 1% were grazed more 
than twice. In the heavily grazed paddock, 46% 
of marked tillers were grazed once, 13% were 
grazed twice, and 6% were grazed more than 
twice, whereas in the lightly grazed paddock, 15% 
of tillers were grazed once, 3% were grazed twice, 
and none were grazed more than twice. 

In both years, the number of times a tiller was 
grazed had a large impact on its season-long 
change in length (2017 F1,2234=100, P<0.0001; 
2018 F1,2825=280, P<0.0001). Ungrazed tillers 
either did not change or increased in length 
between mid-May and early-October, whereas 
tillers grazed once declined in length by 1 to 4 cm.  
Tillers grazed two or more times declined in length 
by 2 to 6 cm.

Discussion
To our knowledge, this was the first ranch-scale 
experimental investigation into tiller defoliation 

dynamics in the context of adaptive multi-paddock 
rotational grazing. We found that collaborative 
adaptive multi-paddock rotational grazing (CARM) 
did not reduce rates of grazing and regrazing on 
western wheatgrass tillers at the ranch-scale in the 
shortgrass steppe, when compared to season-long 
continuous grazing (TRM) at the same stocking 
rate. Thus, the use of adaptive multi-paddock 
rotational grazing strategies should not be expected 
to enhance the production or abundance of this 
palatable, cool-season species. A general lack of 
difference between grazing treatments matches 
previous studies as well as tiller density results 
from this study.

Consistent with many previous studies conducted 
in smaller paddocks, in the absence of adaptive 
management, we observed that frequencies of 
grazing and regrazing on a palatable, cool-season 
grass (western wheatgrass) were much more 
sensitive to stocking rate than grazing system 
treatment. Under the moderate stocking rates used 
in both CARM and TRM treatments, roughly 
two-thirds of western wheatgrass tillers remained 
ungrazed annually, and levels of regrazing were 
low in both treatments (5-15%). Compared 
to moderately grazed paddocks, both grazing 
intensity and frequency were substantially higher 
in the long-term heavily grazed paddock and lower 
in the long-term lightly grazed paddock. 
It is important to emphasize that our results do 
not suggest grazing and regrazing are benign for 
western wheatgrass production. On the contrary, 
our data indicate that grazing and regrazing lead 
to significant reductions in tiller length. These 
results match previous studies showing that 
defoliation, and particularly repeated defoliation, 
can reduce aboveground production in western 
wheatgrass. However, our data convincingly show 
that rest is effectively “built-in” to non-heavily 
stocked continuous grazing systems. That is, 
cattle do not have to be absent from a paddock 
to create opportunities for season-long rest at 
the scale of individual grass plants. Ranch-level 
tiller defoliation data provide further evidence 
that stocking rate is a far more important driver 
of defoliation outcomes than the spatiotemporal 
movement of cattle among paddocks.
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Abstract
Innovations in the management of grasslands in Poland are important to preserve them as a source of 
different ecosystem services. In the farmers point of view the most promising is forage production for 
herbivores, particularly dairy cows. Individual farmers have different opinions about innovations. To 
stimulate innovations in grassland-based farming systems in Poland, it is important to determine the 
drivers for their promotion and to define the barriers to overcome problems by their implementation. 
Analysis of the attitude of Polish farmers towards innovations on grasslands were conducted within the 
H2020 Inno4Grass project. The majority of respondents were young and had relatively well-developed 
farms. An on-line questionnaire on innovations on grassland was developed using SurveyMonkey. 
The questionnaire studied the attitude of grassland farmers towards innovations, e.g. their importance, 
factors influencing decisions of their adaption, barriers and drivers. Answers were scored on a Likert 
scale. Furthermore, some general questions were asked: available grassland area, main type of animal, 
farmer age, etc. The questionnaire was available from winter 2017/2018 onwards and closed at the 
end of June 2018. At the time of closing the questionnaire, 157 valid responses were obtained. Dairy 
cows were the most common animal type in grassland farms, followed by beef cattle. The majority of 
respondents indicated that innovations are important or very important in general, in grassland and in 
grazing, respectively 92%, 88% and 62%. The most important influencing factors on farmer’s decisions 
with respect to grasslands (>60%) were own values and norms, image of the farm/the sector, family, 
consumers and advisors. Farmers pointed out that the most important driver for innovation is money/
profit/better income (17.5%), followed by time saving/improved labour conditions (14.2%) and animal 
health (11.6%). In the opinion of the respondents, the main barriers to innovations in grasslands are 
money/costs too high/benefits too low (23.9%), too little technology on farm (15.0%) and risk (13.6%).

Introduction
Innovations for grasslands need to consider 
the connection and potential trade-off between 
productivity and provision of public goods, in 
particular, ecosystem services. Moreover, these 
connections and trade-offs are often context- 
and place-specific (Krause et al., 2018). Local 
farmers, also in Poland, often have relevant 
place-specific knowledge that is essential not 
only for implementation but can also form the 
basis of innovations and learning. Innovations in 
the management of grasslands are important to 
preserve them and to obtain different ecosystem 
services. In the Polish farmers point of view the 
most promising is forage production for herbivores, 
particularly dairy cows (Goliński and Golińska 
2019), but many other provisioning, regulating, 
cultural or support services are important as well 

(Goliński et al., 2014). Individual farmers have 
different opinions about innovations depending on 
age of the farmer, risk adoption, financial issues, 
policy, etc. Such attitudes can be managed by 
innovation brokers and opinion leaders who have 
an impact on the acceptance of innovation by 
risk-averse and risk-taking farmers (Yosua et al., 
2019). In the process of stimulating the adoption 
of innovations in grassland-based farming systems 
in Poland, it is important to determine the drivers 
for their promotion and to define the barriers to 
overcome problems by their implementation. The 
objective of this paper was to analyse the attitude 
of farmers towards innovations in the management 
of grasslands in Poland. In the study, the majority 
of respondents were young and had relatively 
well-developed farms.
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Materials and methods 
Analysis of the attitude of Polish farmers towards 
innovations on grasslands was conducted within 
the H2020 Inno4Grass project entitled “Shared 
innovation space for sustainable productivity of 
grasslands in Europe” (Krause et al., 2018). It was 
an international and multi-actor project bringing 
together outstanding agricultural organizations, 
extension services, education and research 
institutions from eight EU countries. An on-
line questionnaire on innovations on grassland 
was developed using SurveyMonkey (www.
surveymonkey.com). The questionnaire studied the 
attitude of grassland farmers towards innovations, 
e.g. their importance, factors influencing decisions 
of their adaption, barriers and drivers. Answers 
were scored on a Likert scale: very unimportant - 
unimportant - neutral - important - very important. 
In the driver and barrier parts, farmers could 
choose 1-4 categories from a predefined set of 
potential drivers and barriers. Furthermore, some 
general questions were asked: available grassland 
area, main type of animal, farmer age, etc. The 
questionnaire was spread either via direct mail or 
via social media and was available from winter 
2017/2018 onwards and closed at the end of June 
2018. Only respondents that had grasslands in 
farm were considered. At the time of closing the 
questionnaire, 157 valid responses were obtained.

Results
The majority of farmers participating in the online 
survey represented individual well-developed 
farms. The average grassland area of farms 
considered in the analysis was 22.7 ha. Dairy cows 
were the most common animal type in the farms 
(49%), followed by beef cattle (33%). The average 
size of the cattle herd in the farms was 61.4 heads. 
Other grass-based herbivores identified in the 
survey – horses, sheep and goats – represented 
17% of farms. Grasslands farms where the grass 
is harvested and sold and not used by any animal 
were present among only 1% of the respondents. 
In 56% of farms, grasslands were used exclusively 
by cutting and in 44% by full or periodical grazing. 

It is worth to underline that mostly young farmers 

took part in the analysis. The majority of the 
responses came from the age category under 
26 years old (Figure 1). This group together 
with farmers from the age category 26-35 years 
reached the percentage of 72% in the study. The 
results of the survey show that the attitude of 
Polish farmers towards innovations is in majority 
positive. Answering questions on the importance 
of innovations, 92% respondents indicated that, 
in general, innovations are important or very 
important to them. Concerning innovations 
on grassland, the scores for important or very 
important were slightly lower (88%). In turn, 
innovations in grazing management (62%) were 
considered less important than innovations in 
grasslands. The reason for this is probably the 
relatively large percentage of farms that use indoor 
feeding systems based on conserved forages on 
their farms. The respondents were also asked 
whether it is possible to innovate on their farm. 
Figure 2 shows that the majority of the respondents 
(63.7%) were positive about the opportunities to 
innovate. However, attention should be paid to the 
large group of farmers who see barriers or many 
barriers in introducing innovations on their farms, 
23.6% and 3.8%, respectively.

               

Figure 1: Age of farmers in the study   
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Figure 2: Possibility to innovate on the farm

In the analysis of the attitude of Polish farmers 
towards innovations in the management of 
grasslands, it is interesting to determine the drivers 
and the barriers in their implementation. The 
respondents indicated many drivers for innovations 
on grasslands. Figure 3 shows that most important 
were financial issues – to earn more money or 
to be more profitable (17.5%), followed by time 
saving/improving labour conditions (14.2%) and 
animal health and welfare (11.6%). Apart of other 
drivers shown in Figure 3, the farmers indicated 
also consumer demands, curiosity, his own 
attitude, interaction between farmer, advisor and 
researcher, environmental engagement, law and 
regulations and farmer’s status as drivers. In total, 
this group of drivers reached the level of 30.9% of 
the responses. The results showing main barriers 
for innovations on grasslands (Figure 4) clearly 
indicated that too high costs or too low benefits are 
the main barriers in their implementation (23.9%). 
Farmers also recognized as important barriers for 
innovations the low technological preparation of 
their farms (15.0%), risk associated with the use of 
innovation (13.6%), law and regulations (13.4%) 
as well as time/labour issues (13.2%). Other 
barriers indicated by respondents were farmer’s 
age, willingness to change, lack of conviction 
that development of farm is possible and farmer’s 
social environment (15.4%).

               

Figure 4: Main barriers for innovation

Next to drivers and barriers, the most important 
influencing factors on farmer’s decisions towards 
innovation on grasslands were defined. Figure 
5 shows that within these factors own values 
and norms scored the highest, because 91.1% 
of farmers indicated it as very important or 
important. Image of the farm/the sector, family, 
consumers and advisors were also considered to be 

Figure 3: Main drivers for innovations 
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important for decisions with respect to grasslands 
(> 60%). NGOs, government and the media had 
less influence on farmers’ decisions regarding 
grassland innovation.

Figure 5: Most important influencing factors 
on farmer’s decisions towards innovation on 
grasslands

Discussion 
The results of the analysis show an overview 
of Polish farmers’ attitude to implementing 
innovations in grassland management. The 
majority of respondents were young and had 
relatively well-developed farms. Innovations are 
an important factor in improving the productivity 
of grasslands, which are still an underestimated 
source of cheap and valuable feeds in animal 
nutrition in the country (Goliński and Golińska 
2019). First of all, there is space for innovations 
on grassland in Poland. The majority of grassland 
farmers (ca. 90%), managing mostly dairy or beef 
farms, indicated that innovations are important or 
very important. Concerning the most important 
influencing factors on farmer’s decisions towards 
innovation with respect to grasslands, the results 
were similar to the study conducted in the broader 
European farm community (Van den Pol-van 
Dasselaar et al., 2019). At European level, also 
own values and norms were the most important 
influencing factor. In the opinion of the authors, 
it would be interesting to use in-depth interviews 
to further study the background of the answers, 
e.g. on what factors do grassland farmers build 

their own values and norms, is it family traditions, 
agricultural education or something else. 

For Poland, it is crucial to determine the drivers for 
promoting innovations and to define the barriers 
to overcome problems by their adoption. It can 
be particularly important for innovation brokers 
focusing on grassland-based systems (Goliński et 
al., 2018) and agricultural policy-makers (Yosua 
et al., 2019). Innovation acceptance and uptake 
on grasslands is complex and influenced by a 
variety of factors such as socio-economic and farm 
variables, cognitive variables (beliefs), and social-
psychological variables (social norms), with these 
variables having different effects on adoption 
(Martínez-García et al., 2013). Further research 
in this area is needed not only in Poland but in 
other countries as well to improve management 
of grasslands and their status as a source of many 
ecosystem services. 
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Abstract
The Toolkit for Site-Based Assessment (Landscape) of Ecosystem Services (TESSA) is intended to 
be an accessible guide for low-cost methods to assess the benefits that people receive from nature at 
particular sites in order to generate information that can be used to influence decision-making (Pehl et 
al., 2015). However, TESSA does not have defined protocols for grasslands ecosystems. This article 
focuses on the description and discussion of the lessons learned in the participatory workshops that 
include engaging with policy and decision-making actors. The work consisted of identifying 1) the area 
occupied by each coverage or use, 2) the threats and agents of change, 3) the ecosystem services and 4) 
a detailed description of the most important services in the area. The methodology was applied in the 
grassland ecosystems in the countries of Brazil, Argentina, Uruguay, and Paraguay (Schossler et al., 
2016). A total of 54 livestock farmers, 56 researchers and more than 22 institutions were involved with 
this study. Results involve the perceptions of the actors involved with the topic of interest in the four 
countries of interest, in addition to the potential changes and trends presented by the agents of change 
that most affect the ecosystem. In this paper we discuss the initial steps of the TESSA methodology. The 
protocols used at the field level and their results will be published as self contained articles within the 
doctoral thesis of the primary author.

Introduction
The flow of ecosystem services (ES) from rural 
environments are overexploited and shifted to 
other uses worldwide due to the continuous failure 
of financial incentive policies and decision-making 
processes. Identifying benefits and demonstrating 
the importance of what these ecosystems provide 
to people and users can therefore strengthen 
conservation arguments and help highlight the 
broader impacts that changes have in natural 
settings.

The Toolkit for Ecosystem Service Site-Based 
Assessment, TESSA (http://tessa.tools/)) is 
intended to be an accessible guide for low-cost 
methods to assess the benefits that people receive 
from nature in particular places. Using this toolkit 
allows for the generation of information that can 
be used to influence decision-making processes 
(Pehl et al., 2015), however, TESSA does not have 
defined protocols for rural ecosystems. This article 
focuses on the description and discussion of the 

lessons learned in the participatory workshops 
using TESSA as a method proposed by BirdLife 
International, which includes engaging with 
policy and decision-making actors. The doctoral 
dissertation of the first author will present the 
protocols used in the following steps of application 
of the methodology at the field level, and the 
results found in the process.

Materials and methods 
The steps of the TESSA methodology are 
described in Figure 1. and were applied in rural 
ecosystems of Brazil, Argentina, Uruguay, and 
Paraguay (Schossler et al., 2016). During the 
implementation of this methodology a total of 56 
researchers were involved, in addition to more 
than 22 institutions, and 54 participating producers 
of the Grassland Alliance (at least 50% of natural 
grasslands in the livestock production system 
(http://www.alianzadelpastizal.org/).
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Figure 1: Steps of the TESSA methodology proposed in the guide by Pehl et al 2017.

The stakeholders were identified based on their history of environmental certifications with the ICP 
(Pastizal Conservation Index (Parera and Carriquiry 2014). The actors were chosen based on 1) 
200,000 m2, which is the size of the study area proposed by the TESSA methodology, 2) the ease of 
communication and organization with the actors, 3) and interaction of the producers with other projects 
and institutions that focus on the thematic of native grasslands.

The participatory workshops were composed of 6 to 20 actors at most, which allowed for the production 
of a wealth of information based on the group discussions. The success of the work starts with bringing 
awareness to the actors regarding the importance of the activity and the results obtained, the proper 
publication of the data, and commitment to return. A brief explanation is made of what ecosystem 
services are, how they are classified and examples in native grasslands.

The groups are made up of 3 to 5 people and each group works on the same table (completing part 1 and 
2 described below). Throughout the workshop, the general tables are built and discussed in a plenary 
format. Along with the tables, a map was provided (figure 1) of a rural property with soil types and land 
uses that represent the area of local actors. Additional important information such as the total area to be 
evaluated and different types of grasslands was provided.  

Figure 2: Map used in the workshops of Paraguay
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Results
PART 1 - a. Identify the area occupied by each land 
use/land cover as ecosystem services are offered at 
the habitat level and are directly associated with 
certain types of land cover. Habitats are classified 
using the map on figure 2. The methodology 
proposes several ways to access the maps, but 
the easiest and most understandable alternative 
for producers is to use a printed topographic 
map made using Google Earth, and drawing the 
habitats on it so that their area can be calculated. 
Classify the main habitats by making a table with 
the total area in hectares of each type of habitat, 
and the percentage of the site occupied by each 
type of habitat. Groups comment on associated 
habitat types. b. identify threats and agents of 
change such as causes or factors like agricultural 

and/or forestry exploitation, but also impacts 
of management policies and positive actions by 
people and institutions. Actors complete Table 1 
and describe a probable future (within 10 years, 
caused by current trends at the site without any 
intervention to mitigate these trends), considering 
a) What are the current and potential change agents 
for the site (now or in the next 10 years)? b) How 
immediate are these changes ?; c) How likely are 
these changes to occur ?; d) How will these agents 
of change affect the habitats and biodiversity of 
the site in terms of area (scope) ?; e) How will 
these agents of change affect the habitats and 
biodiversity of the site in terms of the magnitude 
of the effect? (i.e. degree of habitat degradation, 
effect size). This scenario is called “alternate state”

Table 1: Sample table of the threats distributed to the participants

Site 
threats 
(pres-
sures)

Time (next 10 
years)

1. Over 4 years

2. In 4 years

3. now

Scope

(proportion of 
the site that is af-
fected)

1. Small area

2. Something from 
the area

3. Most of the area

Severity

(i.e. degree of habi-
tat degradation, ef-
fect size)

1. Low

2. Moderate

3. High

Impact (Time + 
Range + Severity)

PART 2 - a. Identification of ecosystem services: A sheet is provided with a brief explanation of what 
ES are, their classifications and beneficiaries. The first step is to identify all the benefits provided by 
native grasslands in the region of study. This will be used to assess the wide range of services provided 
by the sites nationwide. In the first column, all benefits are scored from 0-5. 0 = not relevant, 1 = little 
importance, 5 = very important. Based on the highest ranked benefits on the list, all participants agree 
on five priority benefits for the site in its current state. Then, the same is done for the alternate state 
(if the threats noted above influence the site) using the repaired description and the habitats present, 
identifying all the benefits that could be provided in the alternate state and their importance. As before, 
all participants identify five priority benefits for the alternate state.

Table 2: Table used to identify ecosystem services (benefits) of the current and alternate state, their 
importance scores and prioritizations

Benefits Actual state

(Score 0-5)

5 = very important

Alternate state

(Score 0-5)

5 = very important

Five prioritized 
services in the 
alternate state
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Table 
A 

Profit

Who benefits?

Local / District / 
National

Global

(select all that 
apply and circle 
the category that 
benefits the most)

How has availability 
changed in the last five 

years?

  2. Big increase

  1. Little increase

  0. No change

-1. Little decrease

-2. Big decrease

How will this ben-
efit change in alter-
nate status?

2. Big increase

1. Little increase

0. No change

-one. Little decrease

-2. Big decrease

What are the 
main agents of 
change (causes 
/ factors) of this 

change?

(select all that 
apply from the 

list in Part 1 table 
B)

PART b. Detailed description of the most important 
ecosystem services: For all the benefits identified 
as priority in table 2 (both for the current state 
and for the alternate state, or both). In plenary, 
the questions in this table are discussed and the 
answers are completed.

Discussion 
The explanations and introductory material during 
the beginning of the workshop are fundamental 
and decisive for the quality of the results of the 
workshop (eg Figure 3), which facilitates the 
organization and commitment of the actors. The 
map should have as much information as possible 
because doubts generate noise between groups. 
The total study area (200,000m2) proposed by 
TESSA is adequate and the homogeneity and 
productive capacity of the study area must be taken 
into account in case there are two very different 
areas within the area the realities of the producers 
would affect the results. 

The discussion of the alternate state is complex, 
and the driver of the methodology needs to be 
prepared to suggest fixed alternate states chosen 
by the group of people. As an advance in the 
methodology, the use of the alternate state map at 
the beginning of the process, as suggested by the 
method, was excluded. The change was positive, 
and the alternate state came to be the natural 
environment under which the impacts of the main 
threats were pointed out in the process.

Local stakeholders felt like they were part of the 
process when the facilitator had an appropriate 
language and understands their demands and 
realities. The workshop evaluations were positive, 
and the main contributions emerged during 
quality group discussions and were related to the 
understanding of ecosystem services.
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Abstract
Since 2009, Extension Specialists and County Extension Agents from the University of Kentucky in the 
Southeast United States have conducted an annual educational event; the Kentucky Equine Farm and 
Facilities Expo field-day. These annual field-days have provided practical, hands-on demonstrations 
and seminars for 135-250 members of the equine community per event. Participants have been a mix of 
horse owners in relation to farm size, number of horses and business vs. recreation. Many participants 
have not been previous consumers of Extension educational programming. One of the major draws of 
the Farm and Facility Expo field days has been the host sites, which have included various well-known 
Thoroughbred, Sport-Horse and Quarter Horse farms, with an increased number of participants observed 
when the event was held at well-known farms. Partnerships have been established with many equine 
related businesses, with over 30 companies displaying their products and services at the event. The 
educational programs at these events have been conducted by Extension Specialists, industry experts and 
Extension Agents and have included timely topics such as weed identification and control, vaccination 
protocols, farm safety, pasture management and renovation, rotational grazing, feeding and nutrition, 
fencing options, barn design, on-farm solar energy and many others. Post-event evaluations have been 
conducted and, of the more than 2,400 persons who attended these events, 84.25% of the respondents 
have found the information presented useful in the management of their horse operation, 78.5% planned 
to make at least one change in their horse operation and 90% were very satisfied with the event.

Introduction
According to the 2012 Kentucky Equine 
Economic Survey, Kentucky is home to 242,400 
horses and estimated the total value of Kentucky’s 
equine and equine- related assets at $23.4 billion. 
The survey’s results identified 35,000 equine 
operations and 1.1 million acres devoted to 
equine use (KY Equine Survey 2012). As might 
be expected, there is a concentration of horses 
in the Bluegrass area of Central Kentucky. Since 
2009, Extension Specialists and County Extension 
Agents from the University of Kentucky in the 
Southeast United States have conducted an annual 
educational field day, the Kentucky Equine Farm 
& Facilities Expo. This annual event has provided 
practical, hands-on demonstrations and seminars 
for 135-250 members of the equine community 
per event. Participants have been a mix of horse 
owners in relation to farm size, number of horses 
and business vs. recreation.

Materials and methods 
The University of Kentucky Extension Equine 
Forage Working Group, comprised of Agriculture 
and Natural Resources Extension Agents along 
with both Forage and Equine Extension Specialists, 
have planned the Equine Farm and Facilities Expo 
which has been hosted by various horse farms 
in central Kentucky. Partnerships have been 
established with many equine related businesses 
and over 30 companies have participated by 
displaying their products and services at the 
events. The educational programs at these events 
have been conducted by University of Kentucky 
Extension Specialists, industry experts and county 
Agricultural Extension Agents and have included 
timely topics important to horse owners and equine 
farm managers.

Results
One of the major draws of the Farm & Facility 
Expo field days has been the host sites, which 
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have included various well-known Thoroughbred, 
Sport-Horse and Quarter Horse farms, with an 
increased number of participants observed when 
the event was held at well-known farms. Some of 
the Central Kentucky horse farms that have served 
as hosts for the Expo include Margaux Farm LLC 
in Midway, the Kentucky Equine Humane Center 
in Nicholasville, Magdalena Farm in Lexington, 
Old Friends Thoroughbred Retirement Farm in 
Georgetown, New Vocations at Mereworth Farm 
in Lexington, Knapper Farm in Harrodsburg 
and Olive Hill Sport Horses in Lexington. Many 
of these venues have been selected after their 
participation in the University of Kentucky Horse 
Pasture Evaluation Program which has performed 
over 170 evaluations on 110 unique farms in 21 
Kentucky counties (Lea, Keene and Smith 2016).

Topics that have been presented at the Equine Farm 
and Facilities Expos have been selected based on 
current needs in the equine industry as indicated 
by calls received in county Extension Offices and 
by State Forage and Equine Extension Specialists. 
Some topics have included information on pasture 
management, surfaces for working areas, pasture 
seeding, weed control, barn design, farm site 
planning, rotational grazing, on-farm solar energy 
and others.

Post- event evaluations have been conducted and, 
of the more than 2,400 persons who attended these 
events, 84% of the respondents have found the 
information presented useful in the management 
of their horse operation, 79% planned to make 

at least one change in their horse operation and 
90% were very satisfied with the event. Many 
participants have not been previous consumers of 
Extension educational programming.

Discussion
The University of Kentucky’s Equine Farm & 
Facilities Expo. has continued to meet the training 
needs of the Central Kentucky equine community 
with timely topics. It has also significantly 
strengthened the relationship between the 
University of Kentucky and the equine industry. 
This is demonstrated in the large attendance at 
the annual Equine Farm & Facilities Expo, held 
at various well-known horse farms in the central 
Kentucky region.
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Figure 1: A Kentucky Equine Farm and Facilities Expo field-day educational session on “What to look 
for in a yearling.”

Figure 2: Kentucky Equine Farm and Facilities Expo field-day participants learn about ‘Footing for 
where your horses work” from Dr. Robert J. Coleman, University of Kentucky Equine Specialist
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Abstract

Rangelands are the main land use in the Arabian Peninsula and cover about 50% of total area. They 
are under continuous heavy grazing pressure due to underlying social and economic causes as well as 
institutional effects. ICARDA in collaboration with the National Agricultural Research Systems (NARS) 
has developed and introduced different rehabilitation techniques including resting, planting native range 
species and water harvesting in different countries of the AP such as Kuwait, Qatar, Saudi Arabia (KSA) 
and Yemen. However, the adoption of these techniques by end users was not evaluated. In this context, 
a research has been conducted in Saudi Arabia and Qatar to determine the factors affecting the speed of 
adoption and identify the main constraints affecting the adoption level and the dissemination for these 
rehabilitation techniques with special focus on perceived perceptions of the research and extension 
(R&E) systems on the impact of the characteristics of these technologies on their adoption level.

To meet these objectives, the Adoption and Diffusion Outcome Prediction Tool (ADOPT) and the 
Likert-scale approach have been implemented and the qualitative data were gathered through two focus 
group discussion, respectively. The empirical findings revealed a significant difference between KSA 
and Qatar on the predicted peak of adoption of this technological package (planting native range species 
and water harvesting). Although the predicted years to peak such adoption are around 18 years, the peak 
of adoption is expected to be 92% for KSA and 11% for Qatar. This is mainly due to the fact that this 
technological package is newly getting adopted in Qatar. This predicted peak remains very low even 
during the first five and ten years for the case of Qatar. The main factors constraining the adoption of 
these rehabilitation technologies and therefore its dissemination are the complexity of the innovation, 
its trialability, the need to develop substantial new skills and knowledge to use the innovation, and the 
up-front cost of the investment relative to the potential annual benefit from adopting this technological 
package.

Introduction

In the Arabian Peninsula (AP), rangeland 
ecosystems, which cover about 50% of the total area, 
are severely degraded due to the combined effects 
of overgrazing and harsh environmental conditions 
(Ouled Belgacem et al., 2013). In addition. the 
limited arable land and water scarcity constitute 
the main challenges of growth of AP agriculture. 
With the limited potential for agriculture sector, 
optimizing use of these limited resources for 

technology transfer in agricultural development 
while sustainably managing natural resources is 
one of the biggest challenges facing any decision-
maker including the end users and growers. Thus, 
developing a sustainable and improved agriculture 
system would have a significant impact on helping 
these countries to shift their agricultural priorities 
from self-sufficiency to food security.

mailto:bdhehibi@cgiar.org
mailto:a.nejatian@cgiar.org
mailto:a.niane@cgiar.org
mailto:azaiez.ouledbelgacem@fao.org
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It is within this framework that ICARDA in 
collaboration with the National Agricultural 
Research Systems (NARS) has developed and 
introduced different technologies on rangelands 
rehabilitation including resting, planting native 
range species and water harvesting in different 
countries of the AP such as Kuwait, Qatar, Saudi 
Arabia (KSA) and Yemen. These technologies have 
increased the rangeland productivity, rainwater 
use efficiency and the resilience of the livelihood 
of some pilot livestock owners. However, the 
dissemination at larger scale and the adoption of 
these technologies by end users was not evaluated.

In line with the knowledge gaps above justified, 
a research study has been conducted in Saudi 
Arabia and Qatar with the purpose to enhance the 
adoption and accelerate its process and scaling up 
of these promising technologies. More precisely, 
the study aims:

•	 to estimate the expected rate of adoption 
of rangeland rehabilitation technological 
package (planting native range species 
and water harvesting) in KSA and Qatar 
through using ADOPT (Adoption and 
Diffusion Outcome Prediction Tool) 
software,

•	 to understand the perceptions of AP 
research and extension system on the 
impact of ICARDA-APRP technologies 
characteristics on adoption levels, and 
consequently to identify main adoption 
barriers and constraints, and

•	 to draw recommendations to promote 
adoption, ensure scaling-up and 
widespread use of these innovations.

Materials and methods 
Adoption and diffusion outcome prediction tool 
(ADOPT)

The use of new agricultural technologies 
has been found to be a function of farm and 
farmer characteristics and specific features of 
the technology (Feder et al., 1985; Marra and 
Carlson 1987; Rahm and Huffman 1984; Akroush 
and Dhehibi 2015; Kuehne et al., 2017). A 
considerable set of literature has been developed 
regarding factors that influence the adoption of 
new technologies by end users (farmers, agro 
pastoralists, etc.) using innovation theory (Feder 
et al., 1985; Griliches 1957; Rogers 1995).

ADOPT1 is an MS Excel-based tool that evaluates 
and predicts the likely level of adoption and 
diffusion of specific agricultural innovations with a 
particular target population in mind. ADOPT users 
respond to qualitative and quantitative questions 
for each of twenty-two variables influencing 
adoption. Going through this process also leads to 
increased knowledge about how the variables relate 
to each other, and how they influence adoption and 
diffusion. The tool has been designed to: (i) predict 
the likely peak level of adoption of an innovation 
and the time taken to reach that peak; (ii) 
encourage users to consider the factors that affect 
adoption at the time that projects are designed, and 
(iii) engage research, development and extension 
managers and practitioners by making adoptability 
knowledge and considerations more transparent 
and understandable.

Likert-type scale
The rangeland rehabilitation evaluated technology 
(i.e., package, in this case) characteristics scored by 
using 6-point Likert scale which are ordinal scales 
used to determine researchers and extensionists 
levels of agreement or disagreement on opinions 
and perceptions towards this technological 
package characteristic component (where scoring 
1 refers to a respondent not sure/not applicable 
with a statement and 6 rates the respondent 
strongly agrees with the same statement). These 
characteristics were the followings: divisibility of 
the technological package; compatibility of the 
technological package; communicability of the 
technological package; easy to follow up; easy 
to implement; environmental benefits; reduce 
risk; increase profit; reduce costs; affordability 
of the technological package; complexity of 
the technological package; and finally, if the 
technological package need skills know.

Data collection and adoption and diffusion 
outcome prediction tool (ADOPT) analysis

Regarding the implementation of ADOPT, a focus 
group discussion (FGD) methodology (Krueger 
2002) has been used to apply the ADOPT (Kuehne 
et al., 2013) with group of agro pastoralists. They 
were asked to think about their problems related 
to implementing the rangeland rehabilitation 
technological package and its adoption drivers 
in their respective countries. We streamlined 22 
discussion questions around four categories of 
influences on adoption such as (i) characteristics 
of the innovation; (ii) characteristics of the target 
population; (iii) relative advantage of using 
the innovation, and (iv) learning of the relative 
advantage of the innovation.
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Data collection and Likert-type scale (LS) analysis: 
To implement the LS tool for measuring KSA 
and Qatari’s researchers and extension agents’ 
perception and agreement with the evaluated 
package characteristics and for identifying 
the critical constraints to the adoption of such 
package in both countries, a survey response 
using scale categories (1 refers to a respondent 
not sure/not applicable with a statement and 6 
rates the respondent strongly agrees with the 
same statement) has been conducted in 2018 and 
targeted the agricultural research and extension 
centers managers and extension staff in the two 
countries (Qatar and KSA).
1 All information concerning 
how ADOPT works was found 
at: http://aciar.gov.au/files/
node/13992/adopt_a_tool_for_
evaluating_adoptability_of_
agric_94588.pdf.

Results
Predicted adoption levels and factors affecting 
the adoption of rangeland rehabilitation 
technological package

The analysis of the empirical findings presented in 
Figure 1 related to the predicted level of adoption 
for the rangeland rehabilitation techniques 
introduced within the framework of the project. 
There is a huge difference between KSA and Qatar 
on the predicted peak of adoption of this package. 
Although, the predicted years to peak such 
adoption are around 18 years, the peak of adoption 
is expected to be 92% for KSA and 11% for Qatar 
(Figure 2). This predicted peak remains very low 
even during the first 5 and 10 years for the case 
of Qatar. This difference is due to the fact that 
rangeland rehabilitation technologies is widely 
diffused and used in KSA. Therefore, in Qatar, its 
speed of adoption is very low.

Figure 1: Predicted years to peak adoption of 
rangeland rehabilitation in KSA and Qatar (years) 
Source: Own elaboration from data analysis (2020)

The sensitivity analysis reveals that many factors 
are constraining this peak level of adoption mainly 
for Qatar. These factors are the complexity of 
the innovation, its trialability, the need for agro 
pastoralists /communities to develop substantial 
new skills and knowledge to use the innovation. 
In addition, the problem linked to the up-front cost 
of the investment relative to the potential annual 
benefit from using this technological package. 
This implies that decisions makers should take into 
consideration those elements when developing 
extension programs and effective extension 
services in Qatar.

Figure 2: Predicted peak level of 
adoption of rangeland rehabilitation 
techniques in KSA and Qatar (%). 
Source: Own elaboration from data analysis (2020)

Basic criteria and assessment of rangeland 
rehabilitation technological package: 
Technological package characteristics, R&E 
perceptions and adoption decisions

Rangeland rehabilitation technologies were 
perceived as complex innovation (Figure 3). 
The assessment of the constraints to its adoption 
(from agro pastoralists /communities’ perspective) 
suggest the need for these end users to develop 
substantial new skills and knowledge to use the 
innovation. In addition, the problem is linked 
to the up-front cost of the investment relative 
to the potential annual benefit from using this 
technological package, non-existent framework of 
incentives, and weak institutions. It is a long-term 
benefit technological package and our findings 
imply that rangeland resource management 
technologies are suitable, relevant and could offer 
the means to improve agro-pastoral livelihoods.

http://aciar.gov.au/files/node/13992/adopt_a_tool_for_evaluating_adoptability_of_agric_94588.pdf
http://aciar.gov.au/files/node/13992/adopt_a_tool_for_evaluating_adoptability_of_agric_94588.pdf
http://aciar.gov.au/files/node/13992/adopt_a_tool_for_evaluating_adoptability_of_agric_94588.pdf
http://aciar.gov.au/files/node/13992/adopt_a_tool_for_evaluating_adoptability_of_agric_94588.pdf
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Figure 3: Net stacked distribution of the concerns over twelve major characteristics of the rangeland 
rehabilitation technological package 
Source: Own elaboration from survey data 
(2020).

Discussion 
The assessment and identification of factors 
influencing adoption of rangeland rehabilitation 
technologies by agro-pastoralists in the AP with 
special focus on KSA and Qatar leads to the 
following conclusions:

•	 A large difference on the predicted level 
and time to peak adoption between KSA 
and Qatar regarding this technological 
package (planting native range species 
and water harvesting) has been examined.

•	 Despite its complexity, there is a 
willingness from agro-pastoralists in 
KSA to adopt the rangeland rehabilitation 
technological package.

•	 The predicted years to peak such 
adoption are around 18 years, and the 
peak of adoption is expected to be 
92% for KSA and 11% for Qatar. This 
predicted peak remains very low even 
during the first 5 and 10 years for the case 
of Qatar.

•	 The characteristics of the technological 
package is a determinant on its level to 

peak adoption and on the time to peak the 
corresponding adoption level.

•	 Technical assistance, substantial new 
skills and knowledge, up-front cost 
of investment, financial resources and 
effective extension advisory services are 
considered the main factors enhancing 
the adoption of these technologies.

Arising from the findings and conclusions, this 
research suggests the following:

•	 To accelerate the adoption process of 
these technologies, it is imperative to 
create favourable conditions (i.e. creation 
of micro catchments, develop appropriate 
policy and strategies for rehabilitation, 
promote integrated approach to planning 
and management of rangeland resources, 
etc., so that a greater number of agro 
pastoralists can take advantage from 
the benefits of such technologies. This 
is through a concerted effort to heighten 
awareness about the rangeland resource 
management technologies over practical 
demonstrations.

•	 It was clear that one of the most highlighted 
constraints to rangeland rehabilitation 



974

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

technologies adoption is the up-front cost 
of investment. A large investment costs 
may discourage the adoption of these 
technologies. This suggest the creation 
of national supporting financial policy 
program through smallholder credits that 
could be an important adoption driver 
to overcome financial constraints to 
investment in this innovation.
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Abstract
The perception and valuation that livestock farmers have about ecosystem services provided by natural 
pastures is of fundamental importance to their management decisions and the conservation of this 
resource. This work aims to reveal results of a project carried out in Brazil, Paraguay, Argentina and 
Uruguay using the TESSA (Toolkit for Ecosystem Service Site-based Assessment) methodology to 
compare the perceptions of different ecosystem services among livestock farmers and researchers. The 
methodology was participatory workshops, two by country, one with livestock farmers participating in 
the Grassland Alliance (at least 50% of natural grassland in the livestock production system) and another 
with researchers working in grassland based livestock production. Main services targeted by producers 
were their way of life, water quality, water regulation, scenic beauty, meat quality, and fodder production. 
On the other hand, the researchers target ecosystem services related to forage production (food and 
fiber), water regulation, erosion control, carbon sequestration, soil fertility, and tourism. Farmers value 
their habitat in a more sensitive way and place more importance to intangible services that benefit their 
well-being and future generations. At the same time, researchers mainly point to quantitative benefits of 
pasture, soil and water as well as the potential for tourism. 

Introduction
Considered one of the most altered ecosystems 
in the world, native grasslands need conservation 
strategies and adequate user management. The 
grasslands of the region are among the least 
conserved vegetation groups, with no more 
than 30% of their original coverage remaining 
(Henwood 2010). Management based on an 
integrated approach aims to manage natural 
resources and biodiversity by maintaining the 
processes, functions, and ecosystem services 
(Leslie et al, 2007).

The perception and valuation that livestock farmers 
have of the ecosystem services provided by natural 
grasslands is of fundamental importance for their 
management decisions and the conservation of 
this resource. This paper aims to reveal a portion 
of the results of a pilot project, carried out in 
Brazil, Paraguay, Argentina, and Uruguay using 
the TESSA methodology (Peh et al, 2017). The 
goal of this project was to compare the perceptions 
that producers and researchers have regarding 
different ecosystem services. The results presented 

here served as an antecedent for a doctoral project 
that compares two evaluation methods, the 
TESSA, and the Grassland Conservation Index. 
This index allows identifying and qualifying who 
are the actors in the rural sector that promote 
the restoration and conservation of grasslands, 
favoring the provision of the various ecosystem 
services that they contribute to society in general 
(Parera y Carriquiry 2014). Additionally, this 
project presents evaluations for both social and 
service provision (forage production, water 
quality), regulation (carbon sequestration, soil 
fertility), support (richness and abundance of 
birds) and cultural (ways of life).

Materials and methods 
The methodology consisted of two participatory 
workshops per country, one with participating 
livestock farmers associated with the Grassland 
Alliance (at least 50% natural grasslands of the 
total area of the farm), and another with researchers 
working in grassland-based livestock production. 
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A total of 54 producers, 56 researchers, and more 
than 22 institutions involved in the four countries 
contributed to this study. All the workshops 
were treated as individual case studies given that 
they took place in specific regions. However, all 
participants either farm or conduct research in 
the same type of ecosystem (the Rio de la Plata 
grasslands according to Soriano et al., 1992). 
The localities where this research took place are 
described in Figure 1.

Figure 1: Location of participatory workshops 
with producers and researchers in Brazil, 
Argentina, Uruguay, and Paraguay 

The participatory workshops method consists of 
working with 6 to 20 actors, at most, for 4 to 5 
hours. The work is initially done in groups of 3 
to 5 people and then a plenary session takes place 
where the results are reviewed and verified using 
numerical scales for perceptions at all times. The 
group works together on the distributed tables. 
For this article, the results of the four countries 
were used regarding the part of the method for 
identification of ecosystem services.

A sheet is provided with a brief explanation 
of what the ES are, and their classifications 
and beneficiaries. The following step involves 
identifying all the benefits provided by the natural 
grasslands in the study region (with the support 
of a map detailing the area). This was used to 
evaluate the wide range of services provided by the 
sites nationwide. In the first column, all benefits 
are scored from 0-5. 0 = not relevant, 1 = of little 

importance, 5 = very important. Then, based on 
the highest-scoring benefits on the list, participants 
agreed on five priority benefits for the site in its 
current state.

 

Figure 2: Method used in the producer workshop

Results
A priori, the researchers point out a greater number 
of ecosystem services provided by livestock in 
natural grasslands than livestock farmers, however, 
they do not prioritize by degree of importance, but 
rather they have the opinion that all services have 
their role in nature.

Producers’ perceptions

The main services identified by the producers 
were those that affect their way of life: water 
quality, regulation of the water cycle, scenic 
beauty, meat quality, and forage production. They 
value their habitat in a more sensitive way as 
they give more importance to intangible services, 
those that benefit their well-being and future 
generations.

Researchers’ perceptions

The researchers focused on ecosystem services 
related to forage production (food and fiber), water 
regulation, erosion control, carbon sequestration, 
soil fertility, and tourism, however they chose the 
gaucho lifestyle and / or culture as an important 
ecosystem service. In most of the surveys, 
the researchers assigned a score of 5 to all the 
ecosystem services presented.
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Figure 3: Importance score of the main ecosystem services assigned by livestock farmers and 
researchers involved with topics of native grasslands and the Grassland Alliance in Brazil, Argentina, 
Uruguay, and Paraguay. 

Table 1: Result of the five main services identified by livestock farmers and researchers in the local 
participatory workshops.

Discussion 
The priorities between researchers and farmers are different, this is seen in tables 2 and 3 (degree of 
importance of 0 -5, where 5 is more important.
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Table 2 and 3. Main ecosystem services perceived among Researchers (1) and Livestock farmers (2). 
Research and extension objectives should become 
more integrated with social objectives and the 
lifestyle of livestock farmers, as well as the 
development of specific public policies. There 
are already some initiatives that contemplate this 
vision, but it is still necessary to include the opinion 
of users and their perceptions in all development 
processes.

This pilot analysis found different groups of 
stakeholders with complex positions, but broadly 
complementary to one another. These groups 
should interact more with this type of participatory 
methodologies and with comparison metrics. 
Another important factor is the scale of both 
scientific and governance evaluation, which should 

be within the same region with its particularities 
of soil, production and culture. TESSA is based 
on 200,000m² and the results are positive when 
this type of evaluation is performed in more 
homogeneous environments on a landscape scale.
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Abstract
The Mediterranean environment regions are characterized by climate and soil specificities that justify 
low productive capacity for primary production when compared to other environments on earth. The 
Mediterranean forests are essentially formed by trees and shrubs. The shrubs are the perfect fuel to feed 
the forest fires that occur in a natural and cyclical manner in these environmental conditions. Therefore, 
the Mediterranean Systems of Agriculture have evolved to control the shrubs and the extensification of 
the systems because of low productivity. Sustainability is achieved by increase of productivity through 
improvement of the soil and irrigation. The application of these principles to the Mediterranean Forest 
resulted in the preservation of the trees, control of the shrubs and improvement of the pastures. Thus, 
the Mediterranean Agro-Silvo-Pastoral Systems have developed to recover and improve the soil. This 
desideratum is obtained by an efficient usage of Mediterranean Permanent Pastures. These, in turn, 
are only sustainable through proper grazing systems. All species of domestic animals are used in the 
process and because of the seasonal irregularity of the production of forage biomass, the Extensive 
Systems of Animal Production depend on the production and conservation of fodder crops. This paper 
intends to demonstrate how to recover a Mediterranean Forest farm, converting it into a Mediterranean 
Agro-Silvo-Pastoral System, known in Portugal as Montado. This is achieved using the Montado Crop 
Rotation and the Feeding Scheme of Extensive Systems of Animal Production, and needs investment 
in infrastructures for its implementation. A brief economic analysis is also elaborated, to conclude the 
technical, economic and environmental sustainability.
Introduction
The Mediterranean environment is characterized 
by very marked differences in the different seasons 
of the year. It is the only climate on the terrestrial 
globe in which it does not rain in Summer, which 
is dry, hot and long. On the other hand, the 
precipitation is quite irregular, both with respect 
to the intra-annual variation, or in the inter-annual 
variation. It is concluded, therefore, that the 
distinguishing characteristic of the Mediterranean 
climate is the hot, long and dry Summer, which is 
associated with low atmospheric humidity and very 
accentuated irregularity of precipitation. These 
unique climatic specificities are responsible for 
the impossibility of herbaceous plants to support 
the rigor of Summer, having evolved to overcome 
the dry season in the form of seeds (annual 
biological cycle plants). The soils are depleted 
and, more recently, one sees with apprehension 
that they are heading to desertification. The 
exposure to atmospheric agents after fires or the 
mobilizations of soils to which they are submitted 
cause combustion of the soil’s Organic Matter 
(O.M.) and physical erosion, dragging nutrients 

and converting them into low productive capacity 
soils. Taking into account the irregular orography, 
we conclude that these regions are only able to 
support low capacity production systems, when 
compared to other climatic conditions. In these 
circumstances, it is pertinent to stress that the 
Mediterranean Environment is characterized by its 
low primary productivity. Thus, the Mediterranean 
Forest is formed essentially by tree plants (namely 
Quercinae) and shrubs (namely Cistacea) and the 
forest fires are a natural occurrence, in more or 
less extended cycles, because of the favourable 
combined conditions:  presence of fuel (shrubs), 
high temperatures, low humidity and irregular 
winds that feed any simple ignition. The evolution 
of Mediterranean Agriculture Systems has always 
been focused on increasing the productive potential 
of the soil. It is based on the control of weeds / 
fuels to prevent fires and improve the productive 
capacity of soils, and increase productivity through 
irrigation. The possible application of these 
principles to the Mediterranean Forest resulted in 
the creation of agro-silvo-pastoral systems, which 



980

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

justify human intervention to counter natural 
imbalances. The stability of the systems depends on 
the adequate management and they are summarized 
in the preservation of the tree layer, control of the 
shrub layer and promotion / improvement of the 
herbaceous layer (annual grasses and leguminous 
plants of natural self-reseeding). Consequently, 
the key factor in the recovery process is the 
increase in the content of O.M. in the soil, which 
induces structural improvement, increases the 
content of nutrients (Soil Exchange Complex) and 
the storage of water. As the pasture is the most 
efficient way to achieve this goal and the animal 
is the sine qua non condition for its maintenance, 
the objective of this paper is to demonstrate how 
an abandoned Mediterranean Forest farm can be 
recovered, converting it into an agro-silvo-pastoral 
Mediterranean system, which in Portugal known 
as Montado.

Materials and methods 
Characterization of Herdade da Caveira and 
Herdade da Ervideira, located in the municipality 
of Chamusca, district of Santarém. They are served 
by a road network that allows vehicles circulation.

•	 Caveira and Ervideira total area = 
7141500 m2 = 714.15 ha

•	 Caveira area = 4818000 m2 = 481.80 ha

•	 Ervideira area = 2323500 m2 = 232.35 ha

•	 Caveira and Ervideira total perimeter = 
11969.34 m = 11.97 Km

•	 Caveira total perimeter =12101.32 m = 
12.101 Km

•	 Ervideira total perimeter =6578.84 m = 
6.58 Km

•	 Agricultural area = 90.06 ha

•	 Agricultural area perimeter = 10.58 Km

These estates have sandy soils, consisting of 
more or less developed podzols, which are often 
associated with subsoil’s drainage problems, 
typical of the Ribatejo’s Miocene heath and have a 
modern sedimentation valley of about 90 ha. The 
morphology of the land allows the mechanization 

of all agronomic operations for the installation and 
exploitation of the stands. The sub-Mediterranean 
climate (SM) presents 2700 - 2800 h / year 
insolation; 12.5-16º C average yearly temperature; 
700 mm total precipitation; 70-75 days with rain 
per year; 10-50 days with frost per year; 500 – 600 
mm real evapotranspiration. They are forested by 
Cork-oak (Quercus suber) on 448.13 hectares, 
producing 23,398.4 @ (15Kg) of cork and an 
average density of 60 trees / ha; Pinus pinaster 
in 379.70 hectares, from natural regeneration and 
whose appearance occurs in areas where the cork 
oak is present; Pinus pinea in 15.83 hectares and 
Eucalyptus (Eucalyptus globulus and Eucalyptus 
maidenii) in 50 hectares.

The methodology used to develop the recovery 
process consisted on implementing Montado Crop 
Rotation (Control of Shrubs→Forage→Pasture (n 
years)) (Potes and Babo, 2003). For the realization 
of the crop rotation, it is necessary to design a 
parceling plan adapted to the natural conditions of 
the farm, using GIS technologies for the purpose;

The method used to calculate the Livestock Capacity 
of the farm was based on the implementation 
of the Extensive Livestock Feeding Scheme 
(Potes 2008). The implementation of the scheme 
implies the management of grazing, for which it 
is necessary to individualize the paddocks (fences) 
and the parcels (parks) identified in the crop 
rotation, endow them with water supply (drinking 
points) and combine with animal management 
parks. The parcels in the valley (lowland) are used 
for the production of forage for conservation.

Results 
The survey of the natural conditions of the 
exploration, combined with the various 
cartographic elements, orthophotomaps and maps 
of cultural distribution resulted in the reparcelling 
plan to apply and implementing the Montado Crop 
Rotation, considering a cycle of 5 years, since the 
cleaning of the shrub area was recently carried 
out, Control of Shrubs has been suppressed and so 
pasture will last for 4 years (n = 4), for calculating 
feeding availability and infrastructure investment 
plan. Table 1 shows the distribution of paddocks 
by the Rotation parcels, with respective areas and 
excluded forest stands and the valley.
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Table 1: Parceling for Montado Crop Rotation

Parks Paddocks Area, ha
Parcel 1 Padocks CA9/CA4/CA6/CA5 122.76
Parcel 2 Padocks CA3/E1/E10/E8/E7 111.83
Parcel 3 Padocks E2/E3/E4/E5/E6 131.92
Parcel 4 Padocks CA15/CA16/CA17/CA18/CA19 104.80
Parcel 5 Padocks CA20/CA21/CA22/CA23 103.34
Total 574.66

The Mixed Grazing Scheme was made from data collected in published works (Potes 2011). For 
calculation of feeding availability and plan of investments in infrastructures was built Table 2. It is 
also possible to quantify the application of the risk coefficient and the evolution in the use of different 
livestock species according to the improvement process.

Table 2: Food availability and Mixed Grazing Plan

Year Biomass pro./year

Ton****

<20% 
risk

Ton

Montanheira

Ton***
Goat Avail-
ability, Ton

Goat den-
sity,

head*

Sheep 
availabil-

ity,

Ton

Sheep 
density, 
head**

0 574,658 459,726 64,8 394,93 541 0 0
1 697,416 557,933 97,2 460,73 541 65,80 0
2 809,249 647,399 129,6 517,80 541 122,87 0
3 1002,55 802,043 129,6 672,44 541 277,51 411
4 1224,64 979,716 129,6 850,11 541 455,18 674
5 1511,25 1209,00 129,6 1079,4 541 684,47 1014

*The Serpentina Breed goat needs approximately 730 Kg of D.M./per head/year. 

** The Merino Breed sheep needs 
approximately 675 Kg of D.M./per head/year. 

***In the first year Montanheira was calculated 
for 200 heads of Alentejano Breed pigs with 90 
days duration (need of 3,6 Kg D.M./per day); 
second year of Montanheira for 300 heads and 
the rest of the years 400 heads.

****The biomass production (Dry Mater – 
D.M.) by crop intervention was calculated 
from Natural Pasture – 1.000 Kg D.M./
ha/year; Forage - 2.000 Kg D.M./ha/year; 
Improved Pasture 1st year - 2.000 Kg D.M./
ha/year; Improved Pasture 2nd year - 2.500 
Kg D.M./ha/year; Improved Pasture 3rd year - 
3.000 Kg D.M./ha/year; Improved Pasture 4th 
year - 3.500 Kg D.M./ha/year.

The exploration of the various business areas that 
can potentially be carried out on the farm require 
basic investments, namely the fencing of the 
perimeters, creation of a water supply network 
for the various parcels and creation of livestock 
management parks. 

Investment to be made – The implementation 
of the Agro-Silvo-Pastoral model in Herdade da 
Caveira and Herdade da Ervideira implies the 
initial creation of conditions, namely in what 
regards livestock farming. It is necessary to invest 
in 3 main items: placing fences, namely in the 
outer perimeter of the property and also to protect 
the agricultural zone and compartmentalize the 
different paddocks; make water available in 
the different areas of the farm, which implies 
the placement of pipes, pumping systems and 
reservoirs; creation of livestock management 
parks. A preliminary evaluation allowed us to 
reach an investment value in these items around 
350.000,00 €.

Revenue – According to the preliminary analysis 
carried out, the farm has the potential to obtain 
revenue through exploitation: Forest – the forest 
production (cork) can be valued through a gross 
revenue calculation of 2.600@/year x 22,5€/@ 
= 58.500 €/year; Agriculture - Valued by renting 
the valley (agricultural area). A value of 300 € 

mailto:2.600@/year
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/ ha / year x 77 ha (utilizable area) = 23.100 € / 
year; Livestock – Starting with goats and pigs 
(in extensive). In an initial cycle, revenues may 
come from Montanheira pigs, valued at 60 €/head 
and small ruminants (goats and sheep) valued by 
leasing 40 € /ha/year x 575 ha = 12.000 € + 23.000 
€ / 1st year.

Costs and results – The implementation of the 
Agro-Silvo-Pastoral System presented is based on 
the creation of a set of partnerships that allow the 
reduction of operating costs and risk mitigation. 
It is in this perspective that the exploration of the 
agricultural area is proposed to be carried out by a 
third party (the revenue being the lease) and that the 

livestock exploitation is also done in a partnership 
system (the entities that install the animals and are 
responsible for their exploration, or for paying for 
the fattening period on the holding). We therefore 
expect the following operating costs (Personnel 
Expenses and Supplies and External Services per 
year): Accounting – 2.400,00€; Office – 2.400,00€; 
Administrator Salary – 43.312,50 €; Employee 
salary – 13.860,00 €; Vehicle renting – 5.000,00€ 
; Fuel – 2.940,00 €; Communications – 1.200,00 
€; Repairs and Maintenance – 6.000,00€, making 
a total cost of 77.112,50 €. The analysis makes 
possible to estimate Operational Result before 
Taxes (EBITDA) at 39.487,50 €.

Revenue 122.600,00€
Staff costs 57.172,50€
Outsourced services 19.940,00€

EBITDA 39.487,50€
Investment depreciation 35.000,00€

EBIT 4.487,50€

Considering an investment depreciation of 10 
years, one has an annual investment depreciation 
of 35.000,00 €. This means an Operational Result 
(EBIT) of 4.487,50€.

Discussion (Conclusion / Implications)
Valuing only the products of Agro-Silvo-
Pastoral exploration, the technical, economic and 

environmental sustainability of the ecosystem is 
verified (Potes  2011);

The appreciation of the Environmental Services 
provided by the ecosystem (Potes 2016) represents 
an economic and social (prevention of fire) added 
value and will contribute to the increase of its 
efficiency.
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Abstract
Semi-nomadic pastoralists in Bhutan live in high altitude rangelands where they seasonally migrate with 
yak and cattle herds from 3,000m to 5,000m. Population increase, overgrazing and climate change in 
eastern Bhutan have led to severe land degradation, winter fodder shortage and reduced milk production 
per head for herding families. This paper describes how Sustainable Development Goals (SDGs) were 
used to design a rangeland rehabilitation and livelihoods improvement program with herders in Merak 
district from 2016 to 2019. The aim was to restore degraded rangelands, improve pastures, develop 
savings schemes, resolve conflicts and increase conservation knowledge. The approach involved gender 
sensitive capacity building, on-ground works, action research and social learning. Six SDGs were 
addressed over three years, SDG 1. No Poverty; SDG 4 Quality Education; SDG 5 Gender Equality; 
SDG 8 Decent work and economic growth; and SDG 15 Life on the Land. Poverty in Merak district 
is higher than the rest of Bhutan due to remoteness and lack of livelihood alternatives. Two women’s 
savings groups were formed in 2017 with 148 members, each investing 100-150 Ngultrum per month 
(US$2-3). In two years, the groups saved (US$3,700) with (US$2,363) borrowed by 10 households for 
enterprises such as cheese making, wooden bowls, small shops, carpentry, homestays and livestock. The 
community were trained in organisational and financial management which increased their confidence 
and skills in working together and resolving conflicts. Eroded rangeland areas were fenced, reforested 
and checkdams installed. Pasture was sown over 80 hectares at 3,000m and silage produced for winter 
feed. Collaborative learning between the forest and livestock agencies, environmental NGOs and the 
community led to declaration of special protection zones, a red panda conservation action plan, junior 
ranger clubs and a wool processing centre. Challenges included communal areas where families could 
not agree on whether to improve pasture which required fencing investment. The SDGs provided a 
useful framework for achieving and monitoring outcomes of integrated rangeland management and 
livelihood development.
Introduction
The United Nations Sustainable Development 
Goals (SDGs) were developed in 2012 to build on 
and replace the Millenium Development Goals. 
Seventeen interrelated goals were adopted by all 
UN Member States in 2015 as part of the 2030 
Agenda for Sustainable Development to address 
global environmental, political and economic 
challenges (Leal Filho et al. 2019). The SDGs 
cover reducing poverty and hunger; improving 
health and wellbeing; providing quality education; 
achieving gender equality; providing clean water 
and sanitation; affordable and clean energy; decent 
work and economic growth; improved industry and 
infrastructure; reducing inequalities; sustainable 
cities and communities; responsible production 
and consumption; action on climate change; water 
and land environments; promoting peace, justice 

and strong institutions and partnerships (https://
www.un.org/sustainabledevelopment/sustainable-
development-goals/). SDGs are now guiding 
many programs and projects in an effort to achieve 
sustainable development as a human right (Leal 
Filho et al., 2019). 

This paper describes how Sustainable Development 
Goals (SDGs) were used to design and evaluate a 
project on high altitude rangeland rehabilitation 
and improving yak herder livelihoods in eastern 
Bhutan funded by the UK Darwin Initiative Fund 
(https://redpandabhutan.wordpress.com/). The 
UK Darwin Initiative Fund supports projects in 
developing countries that can protect biodiversity 
and improve livelihoods (https://www.
darwininitiative.org.uk/). The paper discusses how 
SDGs can provide a useful framework and set 

http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://redpandabhutan.wordpress.com/
https://www.darwininitiative.org.uk/
https://www.darwininitiative.org.uk/
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of indicators to design multidisciplinary projects 
aimed at social and ecological outcomes. High 
altitude rangelands are complex social-ecological 
systems (Singh et al., 2020). In Bhutan, high 
altitude rangelands include alpine, sub-alpine, 
temperate meadows and forests between 2500 and 
5500 masl (Dorji 2011). These rangelands provide 
pasturage to 41,918 yaks and 9904 yak/cattle cross 
and support livelihoods of approximately 1,039 
semi-nomadic yak herder households in 11 of 20 
districts (DOL 2019). 

Semi-nomadic pastoralists in Bhutan live in 
high altitude rangelands where they seasonally 
migrate with yak and cattle herds from 3,000m 
to 5,000m (Moktan et al., 2008). Population 
increase, overgrazing and climate change in have 
led to severe rangeland degradation, winter fodder 
shortage, reduced milk production and habitat loss 
in some areas (Wangchuk and Wangdi 2018). In 
eastern Bhutan, where population and livestock 
density are the highest, rangeland degradation 
has forced some households to increase livestock 
numbers and others have ceased livestock raising 
with few other alternatives (Tenzing et al., 2017). 
Poverty levels are higher in this remote border 
area with Arunachal Pradesh due to remoteness 
(NSSB and WB 2010). An integrated sustainable 
development approach was needed to address the 
drivers of high altitude rangeland degradation and 
find pathways out of poverty. The objectives of the 
rangeland project were to achieve six interrelated 
SDGs including; SDG 1. No Poverty and SDG 8 
Decent work and economic growth (to develop 
household savings schemes and alternative 
enterprises); SDG 4 Quality Education (to 
increase conservation knowledge and rangeland 
stewardship; and SDG 5 Gender Equality and 
SDG 17 Partnerships (to build community 
capacity to work co-operatively on sustainable 
rangeland management) and SDG 15 Life on the 
Land (to restore degraded rangelands, biodiversity 
and improve winter pastures). 

Materials and methods 
The project was located in Merak district of 
eastern Bhutan (Figure 1). Merak village has 
235 households, a population of 1,500, and 
is located in the Sakteng Wildlife Sanctuary 
(SWS). The sanctuary has rich biodiversity with 
43 rhododendron species (highest in Bhutan), 
and many globally endangered wildlife species 
including the Red Panda, Musk Deer, Bengal 
Tiger and Takin (https://whc.unesco.org/en/

tentativelists/5701/). Semi-nomadic herders 
called ‘Brokpas’ (meaning people of the high 
grasslands) originally from Tibet, have lived here 
for centuries. They established two settlements at 
3,000m (Merak and Sakteng) but spend most of the 
year migrating with their yaks and cattle to winter 
pastures around 2,800m and summer pastures at 
4500m (Wangdi and Norbu 2018). They produce 
butter and cheese for consumption and sale. 

Figure 1: Study site location

Implementation methods involved a combination 
of gender sensitive capacity building, on-ground 
works, action research and social learning. The 
first step was to conduct training for 90 households 
(45% women) with winter grazing leases, in 
group dynamics, conflict resolution and group 
management to improve the capacity of people 
to work together on rangeland management and 
conservation. Local forest and livestock officers 
worked with herders to fence and plant 20ha of 
eroded gully and sow pasture for winter fodder. 
A study tour to Sikkim (50% women) enabled 
herders to learn about pasture improvement and 
community-based conservation. Two savings 
groups were formed, enabling households to invest 
in existing or new enterprises. School students and 
their parents were involved in learning activities 
(films, plays, games) about red pandas and threats 
caused by overgrazing, tree lopping and domestic 
dogs. Red panda camera traps and transects were 
set up for monitoring presence/absence. Evaluation 
methods used baseline and final household 
surveys, in-depth interviews for case studies, field 
observations and photo points guided by SDG and 
project indicators.

Results
The overall project aim was to “Restore and protect 
150ha of red panda habitat, watershed and winter 
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grazing areas for 120 herding households leading 
to improved rangeland management, biodiversity, 
and livelihoods.” The project achieved the aim 
with the following SDGs and outcomes. 

SDG 1 No Poverty and SDG 8 Decent work and 
economic growth: Two household savings groups 
(Gengu and Merak) were formed following a three 
day training course involving 98 households in 
August 2017. Each group formed a committee 
with office bearers and were given an iron safe, 
passbooks and ledger books. In 2019 there were 
148 members, each investing 100-150 Ngultrum 
per month (US$2-3) and earning interest. In two 
years, the groups saved (US$3,700). Households 
can borrow up to 30,000Nu/year (US$400).Ten 
households borrowed a total of US$2,363 for 
enterprises such as cheese making, wooden bowls, 
small shops, carpentry, homestays and livestock. 
Most respondents in the final household survey 
(95%) expressed medium to high satisfaction from 
being savings group members, with the following 
quote from a female herder.

“We can save for our children; we don’t need to 
worry about losing it (money)”

SDG 4 Quality Education: The study tour to 
Sikkim in 2018 showed 12 herders (4 women, 8 
men) how communities can benefit from red panda 
conservation through ecotourism, homestays, 
recycling, waste management, handcrafts and 
sustainable agriculture. Since the study tour, 
Merak village has revised an ecotourism strategy 
to encourage more visitors to the area. One herding 
family were inspired to improve their homestay, 
create a handicraft shop and make rhododendron 
wine. Two brothers who went on the study tour 
fenced off their rangeland lease to allow bamboo 
regeneration for red panda habitat and a nature 
trail. The final household survey in 2019 showed 
that 88% of respondents had learnt more about red 
panda threats and habitat requirements from SWS 
presentations, the school play or indirectly via 
word of mouth.  A female herder said;

“We learnt that we humans tend to encroach in the 
territories of the panda (red) which led to decrease 
in their population. If we protect them by planting 
their food and making boundaries we can save 
them.” 

SDG 5. Gender Equality and SDG 17 
Partnerships: The group management training 
increased community confidence and skills in 
working together on rangeland and livelihood 

issues. The 2019 final household survey showed 
that 86% of respondents thought community 
cohesiveness had improved and most respondents 
(77%) rated community capacity as very good or 
good. As one male respondent said, 

“People are listening to each other; they share 
ideas and come up with good solution to the 
problem.”

Collaborative learning between the forest and 
livestock agencies, environmental NGOs and the 
community led to declaration of a special protection 
zone, a red panda conservation action plan, two 
junior ranger clubs and a wool processing centre.

SDG 15 Life on the Land: 35 hectares of severely 
eroded rangeland was fenced, reforested and 136 
checkdams installed, resulting in an estimated 
30% groundcover increase and 50% reduction in 
soil erosion from the baseline condition in 2016. 
Heavy rainfall events destroyed the gully centre so 
more planting was done above the gully. Perennial 
pasture was sown over 80 hectares at 3,000m 
and silage produced for winter feed. Fodder 
availability for red pandas increased in a fenced 
area of 40ha with successful bamboo regeneration 
after removal of livestock. Communal lease 
areas proved problematic as families could not 
agree whether to sow pasture which required 
fencing. However, after seeing fodder results from 
neighbours who had private leases, some families 
decided to go ahead with pasture improvement.

Conclusions and Implications

The SDGs provided broad goals or aspirations 
for the rangeland project and helped to develop 
objectives and indicators. However, objectives 
were also based on herders’ expressed needs 
and the problems they wanted to overcome. 
Herding families, forestry and livestock staff, 
local government and NGO conservation 
and development partners all appreciated 
the integrated nature of the project, and the 
opportunity to work closely together over three 
years (Tenzing and Millar 2019). Whilst using 
SDGs ensures an integrated approach, the short-
term nature of most rangeland projects means 
that social and environmental outcomes may be 
limited. The aim should be to set the foundation 
for long-term social and environmental change by 
building pastoralists’ confidence and skills, linking 
them with institutional support and developing 
profitable rangeland enterprises (Wangdi 2016). 
The rangeland policy and governance context in 
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each country will influence the extent to which 
SDGs can be successfully employed (Leal Filho et 
al., 2019; Tenzing et al., 2018). Rangeland research 
and development needs to be based on a balance 
between pastoralists’ priorities, institutional 
capacities, sound science and meeting global 
agendas or conventions such as the Sustainable 
Development Goals. 
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Abstract
Grassland farming is becoming more technically advanced leading to improvements in productivity, 
environmental outcomes and animal welfare. As a result, farmers have an increasing range of new 
innovations being made available to them. The question examined here is whether widespread uptake 
of new innovations by farmers is more effective when driven by marketing through dedicated paths to 
market where the intellectual property (IP) is controlled or through multiple paths to market where there 
is no IP control?

The role of IP in stimulating the development, manufacture and sale of new technologies is hotly debated. 
For plant breeders and patent owners, strong IP protection offers an effective form of security; and 
more importantly brings returns on investment through licences and commercialisation arrangements. 
When launching new products IP protection not only provides legal security but is confirmation that 
the product is unique, distinctive and of value.  Some view IP rights as a way to foster innovation and 
invention by encouraging individuals to develop/invent new ideas from which they can potentially gain 
a return. Without the ability to capitalise on their work, innovators have little incentive, other than an 
altruistic motive, to produce any invention. 

However, there is an opposing view that patents and plant variety rights are “killing freedom to operate 
and crushing science with rules”, and in so doing are stifling innovation rather than encouraging it.   
Some believe that IP rights holders abuse the system to unfairly extend their monopoly on a technology 
and prevent others from using it to the benefit of the industry and the economy as a whole. We propose 
to examine the value and motivations for IP protection, and examine the different forms of IP protection 
available. Case studies will be used to show how IP protection may be a benefit or disadvantage to 
grassland farmers. 

Introduction
Intellectual property rights (IPRs) provides a 
system, protected in law, for the inventor or creator 
to earn recognition or financial benefit from the 
invention or creation. IP results from creations of 
the mind and might include inventions, literary and 
artistic works, designs, and symbols, names and 
images primarily for use in commerce (WIPO). 
There are 7 types of IP protection that can be 
obtained:

1. Copyright – provides rights over literary 
and artistic work, computer programmes, 
databases, advertisements, maps and 
technical drawings

2. Patent – provides protection for a unique 
invention

3. Trademark – protection for a distinguishing 
brand or mark used to brand a product 

4. Plant variety right – also known as plant 
breeders right, protects the development 
of distinct, uniform and genetically stable 
varieties of plants

5. Industrial designs – protects the 
ornamental or aesthetic aspect of a design

6. Integrated circuit design – protects layout 
design of semi-conductors and integrated 
circuits

7. Geographical indications – protects the 
association of provenance with product’s 
origin

8. Trade secrets – protection that is self-
imposed and ensures that IPRs are held 
confidentially
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Research and development that leads to new 
innovative technologies that improves the well-
being of mankind should be actively encouraged. 
Some consider that protection of IPRs is a 
prerequisite for better identification, planning, 
commercialisation, rendering, and thereby 
protection of invention or creativity (Saha and 
Bhattacharva 2011). Formal IP protection systems 
have the main purpose of not only stimulating R&D 
and innovation, but also stimulating knowledge 
disclosure. For example, all patents are published 
and methodology embedded in them freely 
available within a year of filing, i.e. inventors are 
given a monopoly of 20 years in return for full 
disclosure of how to work the invention to allow 
others to build on and develop the idea. 

However, there is a view that the use of IPRs 
can be counterproductive and limit the use of 
technologies which should be accessed openly. 
When public sector (government) and public-good 
organisations invest in technology development 
any resulting output usually becomes widely 
available, with no expectation of a full return to 
be paid back to the funder for that investment. 
However, with public-good and government 
investments into applied research faltering or 
stopping altogether (Shelton and Tracy 2017), 
investment by the private sector has resulted in 
increased levels of IP protection so that returns 
from sales can be realised. In agriculture, publicly 
funded cultivar development tends to be in crops 
which have a lower market value/size than those 
considered a priority by the private sector. Leaving 
research outputs in the public domain may allow 
more open access to all, but likewise it places no 
value on the invention/technology and provides 
no incentive for continued improvement. Here 
the following conundrum will be examined - 
intellectual philanthropy versus IP protection 
– is there a place and time for both, or are they 
mutually exclusive?

Materials and methods 
Three approaches have been taken to examine 
the impacts of IP protection on the uptake of 
technologies: 

1. Review of published commentary on the 
apparent conflict between intellectual 
philanthropy and IP; and

2. Examine case studies relevant to grassland 
farming of two technologies, one protected 

by IP and one freely available, and determine 
the likely impacts on availability and end 
user uptake.

Results
Intellectual philanthropy versus intellectual 
property protection

As a result of formal IP protection systems private 
agricultural research in OECD countries has in 
the past grown at a faster annual rate (5.1% per 
annum) than that of public agricultural research 
organisations (1.7%) (Alston et al., 1998). 
However, the problem that arises from this 
disparity is that IPR can become ‘locked up’ by 
a few powerful multinational companies which 
can then lead to raising the barriers to market 
entry for potential competitors. For example, 
60% of global proprietary seed sales are received 
by 4 multinational companies which for farmers 
can means less choice and higher prices for seed 
(https://civileats.com/2019/01/11/the-sobering-
details-behind-the-latest-seed-monopoly-chart/ 
). This leaves breeders of publicly funded 
programmes to focus on areas that are not viewed 
as sufficiently profitable to warrant significant 
investment from private industry, e.g. minor 
crops, geographical locations, management 
systems (Shelton and Tracy 2017). However, even 
amongst publicly funded breeding programmes 
only 13.6% of plant breeders indicate that their 
cultivars are rarely or never protected with IP. But 
of these publicly funded plant breeders 64.2% and 
55.7% believe their freedom to operate with either 
private or public seed industry IP is restricted, 
respectively  (Shelton and Tracy 2017).  Even for 
the philanthropically focused Gates Foundation  
( h t t p s : / / w w w. w i p o . i n t / w i p o _ m a g a z i n e /
en/2013/04/article_0006.html) IP is managed to 
achieve global access but this does not necessarily 
preclude IP licenses, confidentiality agreements or 
material transfer agreements. 

Open source is seen by some as an alternative to 
the IP model (Thiruthy 2017). Open source means 
the licence does not restrict selling or giving away 
the output and does not distinguish on who, what 
or why it is going to be used. It is argued that open 
source improves the speed, quality and content of 
innovation. But it needs to be managed carefully 
to ensure that investments in innovation still make 
a financial return and generate revenue back to 
the primary investor. Open source is increasingly 
associated with plant material where there are no 

https://civileats.com/2019/01/11/the-sobering-details-behind-the-latest-seed-monopoly-chart/
https://civileats.com/2019/01/11/the-sobering-details-behind-the-latest-seed-monopoly-chart/
https://www.wipo.int/wipo_magazine/en/2013/04/article_0006.html
https://www.wipo.int/wipo_magazine/en/2013/04/article_0006.html
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restrictions or IP protection (https://seedworld.
com/open-source-plant-material-and-intellectual-
property/). It is argued that this unrestricted plant 
material allows breeders free access for breeding 
and research. However in reality the same applies 
to cultivars protected by PVR which any breeder 
can include in their breeding programmes. PVR 
simply prevents others selling the cultivar itself. 

Case study 1 - AR1 and AR37 Epichloë 
endophytes

In New Zealand the persistence of ryegrass 
pastures is reliant on the presence of a fungal 
endophyte which behaves as an obligate mutualist 
(Card et al., 2016) from the genus Epichloë. Early 
work showed that some of these endophytes were 
responsible for serious animal disorders such as 
ryegrass staggers and heat stress. These ailments 
were associated with particular alkaloids produced 
by the endophyte. However, plants without the 
endophyte showed poor persistence due to impacts 
of insect pests and drought.  Further research led 
to the discovery of endophyte strains that do not 
produce the toxic alkaloids, and so do not cause 
serious animal health and welfare issues, but do 
provide some resistance to pasture insect pests. 

The first endophyte to be commercialised was 
AR1.   Whilst AR1 was protected by patent, 
PVR and trademark, research and development 
into this endophyte was largely funded by the 
government and as a result licences for this 
technology were available to all seed companies. 
This non-exclusive release showed rapid uptake 
by New Zealand farmers peaking at 70% of the 
total perennial ryegrass sales within 7 years of 
release (Figure 1) (Caradus et al., 2013). Initially 
seed companies actively marketed this technology, 
but soon realised that because there was no way 
to differentiate their product in the market from 
other seed companies selling the same product 
profiling AR1 specifically added little value and 
so instead focused on unique traits of their own 
PVR protected ryegrass cultivars carrying the 
endophyte.  

 

Figure 1: Proportion of total perennial ryegrass 
sales in New Zealand containing AR1 endophyte 
(from Caradus et al., 2013).

Subsequent decline in the proportion of sales was 
largely due to the release of a new endophyte that 
provided greater pest resistance than AR1. This 
was branded AR37 and its development was funded 
by a single seed company and the commercial 
subsidiary of the research organisation that 
developed it. This again was protected by patent, 
PVR and trademark and was initially licensed 
exclusively to the investing seed company. 
While various other third party endophytes have 
entered the market, sales of AR37 still attain more 
than a 50% market share some 12 years after 
commercialisation.  This is largely driven by good 
marketing of the technology and its efficacy in 
the field, and so farmers view this as a first choice 
option. 

So here are two similar technologies, both well 
protected using multiple IP options, but funded 
and licensed in very different ways – one available 
to all non-exclusively and the other as an exclusive 
license to the single investor. However, in both 
cases due to the excellent performance of both 
technologies, uptake by end user farmers has been 
high over an extended period due largely to the 
managed release of the novel technology by the 
owner utilising reliable IP management systems. 

Case study 2 – Perennial ryegrass cultivar 
Grasslands Nui

Grasslands Nui ryegrass was selected from 
an ecotype population collected from a farm 
close to Auckland, New Zealand and became 
commercially available in 1973 (Armstrong 
1977) before PVR protection was available in 
New Zealand. Grasslands Nui was renowned for 
its ability to persist through dry conditions. The 

https://seedworld.com/open-source-plant-material-and-intellectual-property/
https://seedworld.com/open-source-plant-material-and-intellectual-property/
https://seedworld.com/open-source-plant-material-and-intellectual-property/
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work was funded entirely by public funding,  
remains publicly available and is still used both 
in New Zealand and overseas. It is considered 
to have been superseded by new cultivars and 
is the cheap option sold at a price well below 
that of current proprietary cultivar prices. Based 
on National Forage Variety Trials it is ranked 
thirtieth based on dry matter production (https://
www.nzpbra.org/wp-content/uploads/Perennial-
Ryegrass-Summary-2019.pdf ) and is calculated 
to deliver an economic value of $-56 to $79/
ha compared with up to $576/ha for proprietary 
cultivars (https://www.dairynz.co.nz/feed/pasture-
renewal/select-pasture-species/cultivar-selector-
tool/). Grasslands Nui is now sold essentially as 
commodity and with no effective IP protection is 
not considered an added value product.

Discussion 
One of the major issues faced with IP law is that 
while most assume it is there to stimulate the 
progress of science, there is also a motive to use 
it to restrain advancement and maintain the status 
quo (Beebe 2010).  This can be motivated either 
by trying to block competition entering the market 
or litigate against copies of the technology. Patents 
allow the owner the right to exclude others from 
commercially exploiting the patented invention for 
a specified time. This allows innovators to obtain 
appropriate returns from their investments and as a 
result provides an incentive for further innovation. 
Companies seeking investment to further scale 
up technologies will inevitably fail if they are 
unable to protect their uniqueness. This can drive 
two behaviours, neither of which are helpful. 
One is to realise late in the development of a 
technology that there is valuable IP to be protected 
risking others pre-empting them in protecting the 
invention.  Alternatively, there can be a drive to 
patent every development and as a result consume 
valuable funds on what in the end may be patents 
of little value. An approach that identifies the most 
important IP to be protected and does it in a timely 
manner is recommended. 

Some have argued that IP protection serves as 
the foundation of innovation modern economies 
(Scherer 1999). However, IP protection can also be 

used in inefficient and anti-competitive behaviours 
as explained above. Follow-on innovation that adds 
value to ground-breaking inventions needs to be 
encouraged and championed to ensure continued 
technological advancement and development, 
which will include technologies for improving 
the production and sustainability of the world’s 
grasslands.  Tensions can also develop between 
commercial companies funding innovation 
through government owned research organisation 
and/or Universities. If commercial companies are 
totally funding the plant breeding activity, even 
if it is located within public good agencies, why 
should the government owned research institute 
or university expect any ownership and resulting 
royalties?  If there was a co-investment model 
then a shared royalty return would be acceptable 
to most commercial companies.  

As a broad generalisation government or federal 
funding often stimulates research capability and 
this in time can deliver technologies of value 
which are generally licensed non-exclusively 
(as occurred with AR1 in the example above). 
However, in time commercial companies realised 
that if they fund the development of new improved 
versions of a technology then they can control its 
commercial delivery by protecting the IP, usually 
through a patent (as occurred with AR37 in the 
example above). This has also happened with 
plant breeding which initially was often driven by 
public good funding until Plant Variety Protection 
systems were legislated allowing commercial 
investment to gain a return from employing plant 
breeding capability. This transition has occurred in 
most developed countries and now the majority of 
plant breeding capability is found in commercial 
companies rather than in government owned 
research institutes or universities. 

There is no simple answer to whether IP protection 
stimulates or constrains innovation and technology 
transfer. However, IP protection is here to stay and 
it is really up to both individuals and organisations 
who use IP protection to do so while delivering 
maximum benefit to the end user farmer. IP 
protection in itself does not constrain innovation 
however abuse of the temporary monopoly it 
grants can do. 

https://www.nzpbra.org/wp-content/uploads/Perennial-Ryegrass-Summary-2019.pdf
https://www.nzpbra.org/wp-content/uploads/Perennial-Ryegrass-Summary-2019.pdf
https://www.nzpbra.org/wp-content/uploads/Perennial-Ryegrass-Summary-2019.pdf
https://www.dairynz.co.nz/feed/pasture-renewal/select-pasture-species/cultivar-selector-tool/
https://www.dairynz.co.nz/feed/pasture-renewal/select-pasture-species/cultivar-selector-tool/
https://www.dairynz.co.nz/feed/pasture-renewal/select-pasture-species/cultivar-selector-tool/
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Abstract
The Sustainable Development Goals (SDGs) are a collection of 17 ambitious goals set by global leaders 
to transform the world by 2030 and create a sustainable future for all. They are founded on the three 
pillars of sustainable development – environmental, economic and social sustainability, or as they are 
more colloquially known, “people, planet and profit”. Creating a better world requires an integrated 
approach that simultaneously improves livelihoods and reduces inequalities whilst dramatically reducing 
environmental damage.

The economic development of pastoralist communities living on rangelands depends on sustaining high 
quality ecosystems (“environmental sustainability”), developing market infrastructures (“economic 
sustainability”), and adapting to changing social dynamics (“social sustainability”). In reality, people 
react with the local environment, economy and society as interconnected aspects of their lives, rather 
than distinct domains. So sustainable development – and rangeland management – has to follow suit.

Proposing Baringo County, Kenya as a living lab, this paper argues for more interdisciplinary and 
grounded research adopting an “everyday life” approach to inform policy and action towards the SDGs. 
It offers a local rangeland management organisation, RAE Ltd, with their attendant localised solutions 
as protagonist in the living lab. Their work is perfectly suited for monitoring and analysis to inform 
bottom-up, sustainable solutions to achieving the SDGs on the ground. Raising the profile of rangelands 
in global conversations on sustainability will not only increase awareness of the rangelands themselves; 
it will also provide a compelling image of the interdependence of people and the planet, encouraging 
more grounded, interconnected approaches to sustainability.

This paper argues that rangelands are an ideal arena for showcasing the SDGs because they are, by their 
very nature, interconnected landscapes in which “people, planet and profits” interact. To simplify: when 
the land degrades, the people become vulnerable and when the land thrives, the people have a greater 
chance of thriving. Reaching the SDGs requires innovative, localised solutions to major ecological, 
economic and social challenges in every habitat around the world. No better is this exemplified than on 
rangelands.

Introduction
Inaugurated in 2015, the Sustainable Development 
Goals (SDGs) comprise 17 ambitious goals set by 
global leaders to transform the world by 2030 and 
create a sustainable future for all (Figure 1). Under 
the auspices of the Agenda 2030 for Sustainable 
Development and spearheaded by the United 
Nations, the SDGs offer the world a series of 
targets that, if reached, promise a just, inclusive 
and prosperous society for all whilst laying the 
blueprint to combat climate change (GA, UN, 
2015).

The 17 goals, 169 sub-goals and 232 indicators 
were all designed to interconnect. Rather than 

standalone goals we can “pick and choose” 
to work towards, they are best understood as 
reinforcing one another and setting a holistic 
target for a sustainable future. Whilst there are 
some inherent flaws in this model and progress 
in some goals does not imply progress in others 
(c.f. Spaiser et al., 2017; Dawes, 2020), the 
SDGs were designed as an “indivisible whole” of 
interconnected goals that are mutually reinforcing 
(Griggs et al., 2017). They were founded upon 
the three pillars of sustainable development: 
economic, environmental and social sustainability 
– or, colloquially, “people, planet, and profit” – 



993

Joint XXIV International Grassland and XI International Rangeland Virtual Congress Kenya 2021

Congress Poster Proceedings

which came out of the Rio+20 conference as an effort to reconcile the ambitions of environmental and 
economic development communities.

SDGs: Interconnected Blueprint or Goals to Pick and Choose?

Interlinkages occur at the individual goal level: for 
example, SDG 15 “life on land” (Figure 2) contains 
targets with social dimensions (e.g. equitable 
sharing of natural resources); environmental 
dimensions (e.g. combat desertification) and; 
economic dimensions (e.g. incentivise alternatives 
to poaching).

Figure 2: The interlinkages between SDG 15.3 
and all other goals for action taken in Tanzania. A 
line in black represents a positive link and a line 

in red represents a negative link. Source: https://
sdginterlinkages.iges.jp/visualisationtool.html

Interlinkages also occur across goals. There 
may be a goal dedicated specifically to restoring 
degraded rangelands (SDG 15.3: “By 2030, combat 
desertification, restore degraded land and soil, 
including land affected by desertification, drought 
and floods, and strive to achieve a land degradation-
neutral world”); but, this goal alone is not enough 
to sustainably develop rangeland landscapes. And 
never was it supposed to be. Achieving sustainable 
development in all its dimensions on rangelands 
arguably requires reaching all the goals, with the 
possible exception of 9, 11 and 14 (Lucatello 
and Huber-Sannwald 2019). Without, for 
instance, striving to end poverty (SDG 1), reduce 
inequalities (SDG 10) and combat climate change 
(SDG 13) (see example Figure 3), efforts to restore 
rangelands will fall short of their target because 
they will not contribute to inclusive, prosperous 
societies and a thriving planet.

Practically speaking, though, it is not always 
easy to work with such an interconnected 
approach. All too often, political agendas and 
personal preferences get in the way, leading 
organisations and government bodies to pick and 

https://sdginterlinkages.iges.jp/visualisationtool.html
https://sdginterlinkages.iges.jp/visualisationtool.html
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choose individual goals to champion – often the 
one that matches most closely to their mandate 
(Chancel and Voituriez 2015). This makes it 
harder for practitioners and researchers to use 
the SDGs as an interconnected tool because their 
hand is being forced by directives to choose 
one single goal. Accordingly, a clear visual of 
their interconnectedness is needed to keep the 
indivisibility of the goals at the front of peoples’ 
minds.

Rangelands: Interconnected Landscapes

Figure 2: Herders taking cattle to market. People, 
planet and profit interdependent on rangelands. 
Source: Pixabay

The world is a complex place and it is not always 
easy to visualise how the broad-sweeping, abstract 
SDGs should play out in real life, let alone interact. 
How do know that conservation efforts don’t 
exclude local communities from natural resources? 
Or pasture restoration won’t lead to inter-ethnic 
conflict? Or more economic opportunities for 
women won’t negatively affect childcare? 

For the world to get behind the SDGs and really 
push for interconnected change, we need a clear 
image of how people, profits and the planet are 
intertwined. This paper argues that rangelands 
provide an ideal focal point. Rangelands are 
inherently interconnected environments in which 
“people, planet and profits” are inextricably 
linked; to understand any aspect of a rangeland 
environment, you need to take an interconnected 
approach to understand how all the moving parts 
fit together. The people who live on rangelands, 
their economic systems and the environment are 
inextricably linked and any changes in one will 
have a domino effect on the others: an ecological 

change can lead to major disruptions to social 
dynamics, and vice versa. In East Africa, where 
communal grazing is commonplace, desertification 
forces herders onto the pastures of neighbouring 
communities and can lead to inter-ethnic conflict 
over resources (Anderson and Bollig 2016). 
Concurrently, the shift from a livestock to a cash 
economy has led to sedentarisation among many 
pastoralists and the subsequent demarcation of land 
for monocultures like maize, in turn accelerating 
biodiversity loss and pasture degradation (Reid et 
al., 2004). In short: people affect the environment, 
and the environment affects people.

In fact, the interconnections go even deeper than 
this: to claim that changes in one domain impact 
another (e.g. the environment changes society) 
does not capture the genuine interconnectedness 
of rangelands (or any social-ecological landscape 
for that matter). Every change in a rangeland has 
environmental, economic, and social dimensions 
that converge to make an all-encompassing 
change in the entire social-ecological landscape. 
Desertification, for instance, cannot be considered 
a purely environmental issue; rather, it is the result 
of environmental (e.g. global warming), social (e.g. 
overpopulation) and economic (e.g. land clearing 
for agriculture) factors. Equally, the consequences 
of a change like desertification are environmental 
(e.g. biodiversity loss), social (e.g. ethnic conflict) 
and economic (e.g. loss of income). In such cases 
the multinational agencies from United Nations 
shape rangelands with the policies, projects and 
programmes (Figure 3).

What’s more, rangelands present us with a 
powerful visual of the interconnectedness of the 
local, the national and the global. Pastoralists 
constantly interact with the local landscape on 
the rangelands, but not in an isolated bubble, 
disconnected from the outside world. Rangelands 
are the epicentre of multiple vertical interactions 
at varying scales (Robinson et al., 2017). For 
instance, Kenya’s rural pastoral communities and 
the rangeland upon which they live are shaped by 
changes in market structures (e.g. they sell produce 
to markets in Nairobi), (inter)national legislation 
(e.g. the Community Land Act dictating who can 
graze where) and global consumer patterns (e.g. 
overconsumption in the Global North contributing 
to global warming). 
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Figure 3: Multinational agencies from United 
Nations shape rangelands with the policies, 
projects and programmes. Source: filmaid

Rather than a passive natural environment that 
needs protecting or restoring, rangelands are 
inherently active, interconnected landscapes in 
which people, the environment and the economy all 
continually interact. A flourishing rangeland is one 
where all three dimensions interact harmoniously; 
where just, inclusive societies are able to become 
economically prosperous without damaging the 
environment.

Reaching the Goals from the Bottom

Achieving the SDGs for rangeland communities 
means respecting their interconnectedness: 
sustaining high quality ecosystems (“environmental 
sustainability”), developing equitable market 
infrastructures (“economic sustainability”) and 
encouraging inclusive, cohesive communities 
(“social sustainability”). Every rangeland is unique 
yet shares a common interconnectedness: they 
all have their own challenges and opportunities 
determined by the interplay of their specific social, 
economic and ecological dimensions. So attaining 
prosperous, healthy and just rangelands requires 
unique solutions born out of the landscape and 
adapted to meet the specific needs of the local 
community. This necessarily calls for bottom-up 
development efforts that work within the existing 
parameters of the social-ecological landscape 
in question and draw on local knowledge. 
And this calls for “localising” the SDGs, or 
“making the aspirations of the SDGs become 
real to communities, households and individuals, 
particularly to those who are at risk of falling 
behind” (Steiner 2017). Rather than imposing 
standardised, top-down solutions, collective 
global efforts ought to prioritise finding, funding 
and supporting sustainable, localised solutions on 

the ground.

“Bottom-up” means starting with an ethnographic 
understanding of the local context and working 
upwards to build policies and agendas that 
are flexible enough to apply to the unique 
circumstances of each given environment. 
Adopting an ethnographic approach provides in-
depth understanding of the interconnections needed 
to underpin the construction, implementation 
and monitoring of any external development 
initiatives. If harnessed effectively, scientific 
evidence has the potential to guide policy and 
development projects and evaluate their impact. 
However, “expert” scientific knowledge alone 
is not enough. The effective implementation of 
localised solutions requires the local knowledge of 
the community and local organisations (Balvanera 
et al., 2017). They are the people who have the 
answer to fundamental questions such as:

•	 What challenges do the local community 
face?

•	 What solutions have been tried before?

•	 How might new solutions/policies be 
interpreted on the ground?

These questions can only be answered by listening 
to local voices. External development agencies 
should understand their own role as buttressing 
locally constructed solutions and delineating new 
development pathways by addressing barriers 
(both locally and globally) that prevent local 
landscapes from achieving holistic sustainable 
development.

The Role of Research

The research community have an important role 
to play in linking the SDGs with the real world. 
Beyond the important work already being done to 
analyse the SDGs at the macro-level (c.f. Spaiser 
et al., 2017, see figure 2), research is needed 
that maps the unique challenges faced by the 
world’s innumerable social-ecological systems. 
Understanding how localised solutions are 
embedded in the interconnectedness of the social, 
ecological and economic dimensions requires 
more grounded research and an interdisciplinary 
approach; putting the specific rangeland in 
question at the centre of the research and mapping 
how all three dimensions interact at varying scales 
to shape lifestyles, livelihoods and land. 

This calls for an “everyday approach” to research 
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that explores how all the different dimensions 
unfold in the daily lives and practices of local 
communities (Brace and Geoghegan, 2011). 
Such an approach draws on local knowledge and 
unpacks the nexus of culture, everyday practices, 
the economy, multiscalar governance and the 
environment out of which challenges and solutions 
have arisen. Research of this manner allows a 
vivid picture of the rangelands to be built and 
better places the global development community 
to understand the mechanics of localised solutions, 
allowing them to make informed decisions. It 
allows them feed into pre-existing solutions and 
ensure they continue to contribute to cohesive, 
just and environmentally friendly – in a word, 
sustainable – change. 

Rangelands provide ideal grounds for “living 
labs” in which the implementation of solutions 
can be analysed in real-time. Localised solutions 
can be observed as they unfold to analyse how 
they shape the social-ecological landscape and 
create synergies and trade-offs between the SDGs 
(Zhou, 2020). Baringo County, Kenya is an 
ideal candidate for a living lab to showcase the 
interconnectedness of the SDGs and guide policy. 
At the heart of Baringo’s rangeland restoration 
and management lies a social enterprise called 
RAE Ltd, which has reclaimed over 2400 hectares 
of pasture (Meyerhoff et al., 2020). For the past 
39 years, they have been working closely with 
local pastoral communities to rehabilitate arid 
land and co-manage mixed grasslands comprised 
of drought-resistant indigenous grasses (Figure 
4). Fundamental to their approach is adaptation to 
changes in the local social-ecological landscape 
and “following the people” (Meyerhoff-Roberts 

2020). Their history of localised solutions and 
adaptation provide prime “laboratory conditions” 
that can be monitored going forward. Their 
adaptive approach has the potential to be analysed 
to produce scientifically informed guidance for 
policy intervention and to galvanise informed 
action among the global development community 
to upscale successful local action.

Fingre 4: Pastoral women collecting grass seed 
on RAE-managed pastures. Source: IofC

Conclusion 
The inherent interconnectedness of the SDGs 
matches fairly well with the interconnectedness 
of the planet and offers a tangible tool to navigate 
complexity. However, when they are interpreted as 
a top-down construction designed to fit numerous 
development arenas, they are intrinsically vague 
and abstract; too easy to misinterpret or be 
read as a menu of individual goals from which 
governments can “pick and choose”. To live up 
to their potential and foster holistic, inclusive 
change, it is imperative that the SDGs encourage 
grounded decision-making (and research) that 
appreciates the unique nature of every social-
ecological landscape.

A clear visual of the goals in the real world goes 
a long way to keeping them grounded, taking 
them out of the abstract domain of development 
discourse and anchoring them in the challenges 
and complexities of real people. Rangelands offer 
an ideal candidate for such a real world image. 
The indisputable interdependence of people 
and the environment provides fertile ground for 
showcasing the interconnectedness of the SDGs 
whilst simultaneously raising the profile of 
rangelands in global conversations on sustainable 
development.
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Abstract 
Dairy farming in the Peruvian Andes is mostly undertaken by smallholder farmers (4-6 cows/family) 
and of relatively recent development. In fact, over the last 2 decades dairy farming at high altitudes 
(3,500‒4200 meters above sea level (masl) has grown rapidly, replacing the camelids and sheep 
farming that once predominated. Dairying growth has been catalysed by subsides from state and private 
organizations. It promotes high input systems based on feedlot technology. Compared to sheep and 
camelids farming, dairying at the Andes does not have yet an inherent local/indigenous knowledge 
associated to it.  High altitude Andean ecosystems pose many constraints for dairy farming (hypoxia and 
high UV radiation, high variation between day and night temperatures, short rainy season, and hence 
shortage of feed and water; and not less importantly, accelerated climate change (CC)). Under these 
conditions, not only are productivity and profitability low, but there are high negative environmental 
impacts and poor animal welfare. In Peru, institutionalised research and extension (R&E) services are 
precarious. Research tackling current issues of high-altitude livestock farming is almost inexistent, 
whereas extension in support of farmers is dispersed, poorly funded, of short duration (a few months), 
focused on transfer of technology suitable to intensive farming systems, and has a high turnover of staff. 
A systems approach to address the complexity of Andean livestock farming development is lacking.  
The initiatives from the institutions promoting farming are directed to remediate recurrent problems 
(e.g., cold stress) or prioritise high cost, low impact activities (e.g., genetic improvement). Here, we 
present the successful experience of the New Zealand Peru Dairy Support Project (NZPDSP) to promote 
the adoption of improved low input pastoral dairying husbandry principles, where trained smallholder 
farmers play a key role as agents of change.

Introduction 
According to INEI (2013), 73 % of cattle, 94 % 
of sheep and 100 % of camelids are found in the 
Andes, providing the livelihoods to 1’400,000 
smallholder families. INEI (2013) reported that in 
2012 there were 5’156,000 cattle, 9’532,200 sheep 
and 3’685,500 alpacas, representing increases 
of 15, -21 and 50 %, respectively, in relation to 
those reported for 1994. During the last decade, 
specialization towards dairying has occurred and 
most likely the cattle population has increased 
even further. On the other hand, farming of creole 
cattle and sheep, and camelids has been neglected 
and marginalised to the poorest grasslands. 
Farming of Andean creole and native species has 
developed for many centuries, whereas farming of 

specialized dairy cattle is of recent development 
and subsidised. Dairy farming is attractive to 
smallholders because it provides them with a 
continuous income. However, the sustainability 
of the current system is questionable given that 
is reliant on high inputs and subsides (NZPDSP 
2020). Further, there is no locally developed 
knowledge on dairying, or a purposely designed 
sound technical assistance program to support it. 
So, given this void, smallholders are receptive of 
knowledge suitable for the intensive feedlot dairy 
farming systems.

The evident mismatch between the characteristics 
of the dairy specialized genetics (Brown Swiss) 
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and the prevalent abiotic and biotic conditions 
in the Andes, and the lack of sound extension 
programmes are determinant factors for the poor 
production performance and profitability of 
dairying (NZPDSP 2020). Furthermore, Andean 
dairy farming is most likely associated with 
having one of the highest environmental footprints 
of global livestock production. Addressing 
current issues facing Andean dairying requires 
harmonizing synergies between mitigation and 
adaptation to CC, productivity, food security, 
animal welfare and general health (Orchard et al. 
2020). Achieving these objectives requires the 
harnessing of validated husbandry practices and 
extending this knowledge through mass extension 
services. A mass extension service is justified by 
the large number of smallholder farmers dispersed 
across large areas (Morton and Matthewman 
1996).  Burneo and Burneo (2014) reported that 
family farms in Peru had increased by 40 % 
between 1994 and 2012, with consequent land 
atomization. Here, based on a literature review and 
experience from the NZPDSP, we propose a mass 
extension program using leading trained farmers 
as agents of extension. 

Results

Status of the agricultural extension in Peru

Ortiz (2006) and Barrantes-Bravo (2017) have 
summarised the evolution and status of agricultural 
extension in Peru. According to these authors, the 
role of the government in providing agricultural 
information has been erratic. There was a strong 
role over the 1950s and 1960s, but since then it 
has been weak. Around the 1990s, the role of the 
government was drastically reduced, whereas 
the role of non-governmental organizations in 
providing participatory approaches of extension 
had increased, but not in an organised way.  In 
general, there is not a long-term research and 
extension (R&E) policy commitment from the 
state, especially regarding smallholder family 
agriculture. It is only recently that Peru had 
established a strategy for a national system of 
agricultural innovation (SNIA; INIA 2019), whose 
mission is to promote the modernization and 
competitiveness of the agricultural sector through 
the formation of alliances and networks to generate, 
transfer and adapt knowledge and technology 
that serve to introduce innovations. The strategy 
aims to build a coordinated structure of private 
and public organizations, including regional and 
local governments, in support of agricultural 

innovation. Nevertheless, the likelihood of 
success for SNIA, especially with smallholders 
is bleak, due to various reasons. First, policies in 
Peru are bureaucratic and often short lived due to 
political instability. Second, private institutions 
are typically profit oriented and hence inaccessible 
to smallholder farmers (especially under a user 
pays approach). Third, intervention in the Andes 
is based on principles developed on industrial 
agriculture, without respect to the cultural heritage 
and indigenous knowledge.  Fourth, funding is of 
short-term, it targets components of the system 
and not the whole. Fifth, lack of education on 
agribusiness and agricultural extension. Sixth, 
technology transfer, the predominant form of 
extension service is deep rooted in the institutions. 
This sort of extension is unfit to tackle complex 
system issues.

Regional and local governments have the mandate 
to support agricultural development in their 
territories, but the technical staff attached to these 
institutions have high rotation due to political 
appointments. Agrorural, an institution from the 
Peruvian Ministry of Agriculture and Irrigation, has 
the mission of designing, promoting and managing 
agricultural development through facilitation of 
the articulation of public and private investments 
(Agrorural 2020). Most of Agrorural staff are 
agronomists and some had been trained on the 
FAO’s ‘field schools’ (FAO, 2016), conceived as 
a hands-on group learning process throughout the 
cropping cycle. Although the relevance of crop-
based extension theory to livestock can be argued 
(Kumar et al 2019; Morton and Wilson, 2000), 
the process of facilitation is not practiced, instead 
Agrorural staff are often involved in campaigns 
of animal health and remediation of emergencies 
arising from climate variability and CC, hence 
with little or nil impact on practice change for 
sustainability. Overall, professionals involved in 
extension lack system approach. 

Farmer to farmer (F2F) extension in support of 
smallholder dairy farmers in the Andes

The goal of the New Zealand Peru Dairy Support 
Project (NZPDSP 2016-2020) was to increase 
the productivity and incomes of small-scale 
Andean dairy farmers, through the adoption 
of improved milk production, handling and 
processing practices, supported by more effective 
R&E systems. The design of the project outlined 
the need for the training of a large group of 
staff from public institutions and universities as 
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officials of extension, but this objective could 
not be met because of the lack of commitment 
from these professionals. Consequently, to reach 
the large number of farmers dispersed over large 
areas, the project had to rely on the farmers 
themselves (NZPDSP 2020). The project trained 
suitable farmers on aspects of pastoral dairying 
as well as on extension principles, with a farm 
system perspective. During the field days run 
on smallholder pilot farms, farmers with key 
interpersonal skills were identified, subsequently 
visited on their farms, individually trained, and 
mentored until they felt fully confident. Key 
characteristics of these farmers included: having 
a young family with a clear will to change, 
fluency in the local language, dairying as the main 
activity, family farm strategically located and of 
easy access, decision making clearly in the family, 
minimum of literacy to access practice guides, 
flexibility to participate in extension events, and 
an ongoing commitment to practice change. 

The benefits of the F2F extension approach are 
well documented from experiences in developing 
countries (Kiptot and Franzel 2015; Kimaiyo et 
al., 2017), including Peru (Hellin 2012). In the 
case of the NZPDSP experience, the use of the 
F2F approach was an unplanned path and reasons 
supporting the approach include: 

•	 Absence of formal extension 
programmes or pathways ‒ the lack of 
institutionalised and smallholder-relevant 
programs of extension,

•	 Empathy and understanding ‒ a 
recognition that farmers knew better 
than anyone else their business and their 
farming environment, farmers perceive 
rapidly the benefits of change in farming, 
farmers aware of need of change are 
keen to learn from other farmers already 
practicing change and achieving benefits, 
smallholder farmers are naturally system 
thinkers (any ill decision imply huge 
setbacks). 

•	 Language ‒ smallholder farmers in 
the Andes use their native language 
(Quechua, Aymara) to communicate 
effectively among themselves - extension 
events in the farmers’ native language is 
empowering, 

•	 Trust ‒ smallholder farmers often mistrust 
professionals that are unfamiliar to them 
and do not see the purpose of being told 
recipes, 

•	 Location ‒ farmers as agents of extension 
are located in situ (where the service is 
needed) and easily accessible, farmer led 
extension is specific and relevant to the 
local conditions.

•	 Approach ‒ farmers have natural skills to 
train other farmers as agents of extension.  
Farmers prefer to attend capacity building 
events in the field rather than in a 
classroom - farmers as extension agents 
are facilitators of the process of learning in 
the field (doing things). Farmers observing 
other farmers showing/demonstrating 
what they have already done are fully 
engaged in the process of learning.

Over the ~30 months of field activities, the 
NZPDSP conducted 760 extension events (field 
days, group discussions, farm walks and study 
tours), with more than 25,000 farmers attending 
(38% women and 75% Quechua-speakers). More 
than 430 farmers were trained in 2019, with 
25% of these being women and 73% Quechua-
speakers. Before Covid19 there were ~4,000 
farmers applying improved dairying practices and 
most of these reporting improved net incomes. It 
is well recognised (Quaye et al 2017) that despite 
the overwhelming role of women in livestock 
farming, often they are overlooked. The NZPDSP 
facilitated women-only groups in field days and 
women-only discussion groups. Quechua was 
preferable used in the extension events, except in 
the northern Peru. 

Conclusions
Andean dairying is ill-developed and requires 
improving productivity, addressing at the same 
time issues of sustainability and adaptation to 
climate change.  The F2F extension approach 
proved to be a powerful and cost-effective means 
of promoting sustainable pastoral dairying. It 
fills the void left by the lack of institutionalised 
extension service. Nevertheless, the F2F extension 
approach to be sustainable requires institutional 
support and resourcing, and accreditation of 
the farmers fulfilling the role. Resources for 
subsidised interventions (genetic improvement, 
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building of cow sheds, vitamins drenching) should 
be redirected to on farm development of validated 
animal husbandry practices and mass extension 
of knowledge and practices by means of F2F 
extension.  
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Abstract
In most Latin American countries, payment for ecosystem services (PES) can be a useful strategy for 
restoration and conservation of the environment, increasing productivity and promoting sustainable 
development in rural areas. Despite these plausible benefits, PES implementation can be challenging due 
to the contextual framework in which it takes place (e.g. institutional weakness in the implementation 
and monitoring stages, limited connectivity among stakeholders, low adoption levels of agricultural 
technology). This study aims at evaluating PES schemes for silvo-pastoral systems in Colombia by 
considering six dimensions based on an extensive literature review: policy and governance; social 
context; environmental context; risks and challenges; dynamics; and monitoring and evaluation 
approaches. A literature meta-analysis and semi-structured interviews with decision makers were 
carried out. The results suggest that: 1) It is necessary to restructure PES schemes given their limited 
scope in developing countries; 2) A new approach towards successful PES schemes should be adopted, 
transitioning from temporary conservation-oriented PES to schemes focused on the articulation of value 
chains and thus, transmitting costs to the final consumers; 3) Although policies regarding PES have 
been increasing, governance systems and responsibility assignments remain unclear; and 4) PES are 
more likely to be efficient when accompanied by complementary strategies (e.g. technical assistance, 
mechanisms for market inclusion) and conservation strategies that last in time. This study revealed the 
difficulties in monitoring territories as well as the underlying dynamics of implementing PES schemes in 
farms with nettle aptitude to receive them (despite the willingness of the producers). It also highlights the 
importance of analyzing the cultural and economic dimensions of the producers to assess the assigned 
importance of nature conservation. This work enriches the debate and informs the dialogue among PES 
experiences in order to guide public and private strategies in developing countries.

Introduction
Payment for Ecosystem Services (PES) 
schemes have proven effective in counteracting 
deforestation and other factors that threaten 
the environment. In developing countries, PES 
schemes contribute to sustainability from multiple 
perspectives: they promote environmental 
integrity, enhance economic resilience, support 
food security, embody the principles of equity and 
justice, and, generally, are instruments that support 
a sustainable development model (FAO 2011). 
However, policy and decision makers, when 
planning PES schemes, embark on a journey that 
requires thoughtful steps. According to Pappagallo 
(2018), the establishment of successful PES 
schemes must be based on an analysis of several 
dimensions, encompassing contexts that are 
political and economic (e.g. governance, policies, 
land regimes), social (e.g. gender roles and youth) 

and environmental (e.g. types of ecosystem 
services that can be offered). As well, economic 
factors must be considered, such as an analysis of 
risks and challenges (e.g. financial sustainability), 
complementary solutions, and the identification 
of buyers, sellers, intermediaries and institutions 
with influence on the dynamics of a PES. These 
dimensions are understood as the starting point 
for PES schemes but do not necessarily represent 
a straightforward path to the end of the journey. 
What is sought over time is that the analyzed 
dimensions guarantee the achievement of three 
pillars, namely (i) greater benefits perceived by 
a PES scheme compared to other options, (ii) 
sustainability over time, and (iii) effectiveness in 
terms of meeting environmental objectives (Jack 
et al., 2008).

Thus, for an incentive to be successful in its 
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purpose, during the design phase, reality must 
be observed with a dynamic lens that addresses 
different dimensions of analysis at different scales 
and at different moments in time, and thus, provides 
a framework for the control of those variables that 
could affect the process in different manifestations 
and magnitudes. The present study intends to 
overlap theory with practice, by establishing 
reflections and recommendations for the successful 
design of incentives focused on silvo-pastoral 
systems (SS) for the Colombian cattle sector and 
considering the particular contexts, situations and 
dynamics of the country’s rurality. For the cattle 
sector, a particularly challenging panorama is 
observed: despite numerous important benefits 
perceived for sustainable production systems 
(SS), adoption continues to be low. Assessing the 
abovementioned dimensions contributes to closing 
this gap.

Materials and methods 
A literature meta-analysis was carried out 
considering (i) the definitions and theoretical 
approaches on PES, (ii) experiences made with 
PES schemes for conservation, (bio)diversity, 
landscapes, carbon sequestration, and productive 
organizations in developing countries, and (iii) 
experiences made with specific PES schemes for 
SS in Colombia and other, similar initiatives for 
the transformation of the cattle sector. To complete 
this documentation, qualitative in-depth interviews 
were conducted with key actors from institutions 
that have participated in planning and execution 
of PES projects in Colombia and who provided 
information on the dynamics observed, as well as 
the identification of the risks and opportunities of 
PES schemes.

Results
Background. Although a large number of PES 
initiatives have been observed for Colombia, SS-
related incentives have been limited to projects 
funded by international organizations (e.g., 
The World Bank and The Nature Conservancy) 
(Flores et al., 2018), and executed by NGOs (e.g. 
Center for Research in Sustainable Agricultural 
Production Systems, CIPAV) and the Colombian 
Cattle Producer Federation (Fedegán). In 2003, 
the planning and execution of PES projects for 
SS began under the Regional Integrated Silvo-
pastoral Ecosystem Management (Enfoques 
Silvopastoriles Integrados para el Manejo de 
Ecosistemas (ESIME), 2003-2007) and Colombia 

Mainstreaming Sustainable Cattle Ranching 
(Ganadería Colombiana Sostenible (GCS), 2010-
2019) projects. The latter benefited more than 
4,000 livestock families in 87 municipalities of the 
country. However, the PES schemes have not been 
the only element that stands out from these projects 
but they accompany other initiatives, ranging from 
farm/pasture management trainings to establishing 
forage demo plots or protein banks.

Economic and political context. Legal frameworks 
play an important role in the development of 
PES schemes as they provide instruments for 
ensuring an adequate governance system (Bracer 
et al., 2007). An enabling legal environment can 
stimulate a more efficient use of financial resources 
and support the integration of different activities 
related to PES. Analyzing the governance schemes 
in the intervention territories is also important, 
since natural resource management is framed 
within the context of environmental services. 
Since 1979, payments for conservation have 
been facilitated, but it was only in the early 21st 
century that the concept of PES has acquired more 
robustness with specific laws and decrees. The 
legislation has been mainly oriented towards the 
conservation of water resources, leaving aside 
any other type of schemes (e.g., payments for the 
delimitation of the agricultural frontier), and thus, 
it is convenient that PES schemes with an emphasis 
on SS are associated with the conservation of water 
resources. Since 2017, the legislation has clarified 
the guidelines for the selection of properties 
and the way to perform the calculation to grant 
incentives, and although these rules only apply to 
public entities, they are of an indicative nature also 
for private initiatives.

Land tenure prefigures as a great limitation in 
PES projects. The unequal distribution of land, 
the violent and illegal appropriation of the same 
and the armed conflict in Colombia have hindered 
smooth project development. As a way to mitigate 
such effects, the beforementioned SS projects 
have designed mechanisms to include not only 
owners but also producers who have verbal lease 
contracts, properties with more than one owner, 
or even figures as holders of good faith and 
holders possessing property usufruct throughout 
life – however, in all cases based on the peaceful 
possession of the property for at least 10 years. 
Governance systems, on the other hand, are not 
clearly perceived: poor institutional articulation 
raises the costs of PES schemes since prior 
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investments must be made to generate appropriate 
conditions for project implementation. These 
conditions are the missionary responsibility of other 
entities and sectors (DNP 2016). The responsibility 
for the implementation of PES schemes falls on 
the territorial entities, which lack the capacities 
to implement such instruments. However, some 
favorable institutional conditions were also found 
that facilitate the implementation of PES schemes, 
such as decentralized environmental management 
with administrative and financial autonomy, the 
legal existence of national incentives and the legal 
inclusion of sector payments.

Social context. In general, the success of a particular 
PES is determined by the context in which it 
arises. Opportunities must be developed, nurtured 
and carefully controlled to ensure that those most 
in need reap the benefits. But despite the need to 
improve the income of the target population, it is 
unlikely that PES participants will be involved 
solely for economic reasons (Page and Bellotti 
2015). In fact, participation in PES is considered 
rarely profitable compared to alternative land 
uses (FAO 2011; Jindall and Kerr 2007), which 
makes it important to study the social context, 
too. The search for equality and equity can be 
fundamental for the participation and commitment 
of stakeholders. For this, it is necessary to know 
what incentives and cultural values   characterize 
stakeholder decisions. Assessing the social 
context should allow the development of a set of 
tools that support the motivation and capacities 
of the producers who implement conservation 
technologies and practices. In other words, the 
types of social relations and their levels of intensity 
among stakeholders must be identified, as well as 
the social dynamics in the intervention territories. 
It is important to consider both structural matters 
(to identify strategies that mitigate constraints or 
take advantage of opportunities) and particular 
issues (to create measures that allow the context to 
be brought to a more desirable stage).

In Colombia, cattle farming is carried out under 
numerous productive systems and by different 
population groups (including indigenous and 
afro-descendant ethnic minorities). Recent studies 
identify a local trend that can be extrapolated 
to other Latin American countries. The cattle 
sector is in crisis due to a fragile generational 
transfer that occurred as a result of many factors, 
such as the systematic impoverishment of rural 
populations, waves of migration to the city 

and, in the Colombian case, an exodus from 
communities at risk due to the presence of illegal 
armed actors in their territories (Palacios 1996; 
Vázquez 2015). For this reason, the selection 
of territories for the Colombian PES projects 
considered these situations and regions where 
cattle farming predominated with less influence of 
such situations were chosen. In addition, facilities 
were established for the application of incentives 
(e.g. for land tenure). At a particular level, the 
GCS project considered the initial conditions and 
adjusted to the level of knowledge, socioeconomic 
conditions and cultural practices of the producers 
when establishing three types of PES schemes: (i) 
biodiversity, (ii) carbon sequestration and (iii) care 
of water resources. In this way, (i) payments were 
defined for an initial period to start the project, (ii) 
for intermediate interventions (e.g. in seeds or soil 
analysis), and (iii) ex-post payments for carbon 
sequestration (use of converted land).

Environmental conditions. According to Casasola 
et al.. (2009), PES are successful when applied in 
clearly defined contexts, while an expansion to 
areas with different environmental characteristics 
function less efficiently. Hence, useful criteria 
for choosing a territory include biodiversity 
levels, proximity to strategic ecosystems or 
protected areas, potential for connectivity, 
livestock potential, security and public order, and 
opportunities to establish water-related PES. At 
the same time, a properly delimited area can easily 
decant suitable forage varieties, as well as identify 
potential threats that may affect those territories. 
In fact, at the population level, the very existence 
of a PES project in a certain area can reinforce or 
erode pre-existing intrinsic motivations towards 
conservation or the provision of environmental 
services (crowding or expulsion effects) (Börner 
et al., 2017). It is important to bear in mind that 
the more ecosystems there are in a landscape, 
the more services can be provided, and therefore, 
the implementation of a project in favor of an 
ecosystem service should not go against another. 
For example, poorly designed carbon sequestration 
projects could have a negative impact on both the 
basin and biodiversity if they lead to establishing 
large-scale monocultures (Waage et al., 2008). 
The GCS project was conducted in 5 regions 
of the country, characterized by high levels of 
biodiversity and theey were close to strategic 
ecosystems (Uribe et al., 2011). In fact, about 
14% of the area of the selected project farms were 
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already conservation areas for forests, paramos 
and natural wetlands (TNC 2020).

Risks and Challenges. One of the most common 
risks that affect the effectiveness of PES schemes 
is the existence of short-term incentives for 
unsustainable practices. These reduce the natural 
capital and limit options for the future (Waage et 
al., 2008). A lack in the coordination of governance 
systems can compromise the cost-efficiency of 
a PES scheme since this increases transaction 
and implementation costs. Similarly, neglecting 
issues of distributive equity (e.g. due to a focus on 
economic or environmental efficiency in project 
design) can undermine the legitimacy of a PES 
scheme as a whole, including its ecological results 
(Duong and de Groot 2008; Pascual et al., 2014). 
The result can even be negative if the excluded 
actors take actions against the beneficiaries (To 
et al., 2012). Likewise, information asymmetry 
between actors can cause an unfair distribution of 
net income, and thus discourage service providers, 
since in many cases PES seek to link agricultural 
activities with markets. Inquiring about their 
structure becomes a useful resource to avoid such 
asymmetries. The identification of risks is also 
useful for the identification of opportunities. For 
example, the GCS project identified high input 
costs (e.g. of seeds) as a structural barrier, and, 
based on that, one of the payment schemes for the 
carbon sequestration program was for providing 
seeds, fences, and poles, creating opportunities for 
the beneficiaries (TNC 2020).

Dynamics between context and implementation

As environmental, socioeconomic and political 
contexts change, the signals created by incentive-
based mechanisms also change (Jack et al., 2007). 
Possible future changes must be considered when 
designing PES schemes, since they can alter policy 
performance and influence financial sustainability, 
cost-efficiency and equity. For this reason, PES 
scheme design must consider a set of adjustments 
and responses to new scenarios. The Colombian 
experience with ex-ante payments exemplifies 
this situation. In the starting phase of the GCS 
project, a baseline payment was established to 
cover start-up costs. This payment was, in effect, a 
minor incentive compared to the benefits granted 
by national development credits and the start-up 
costs were higher than the initial payment. Despite 
strong campaigns to acquire credit, producers’ 
risk aversion prevented them from taking better 

advantage of these incentives. As a consequence, 
in the second project phase, the first payment was 
adjusted towards assisting producers in activities 
such as preparing the land, providing adequate 
seeds, and installing live fences. By this, a higher 
success rate was ensured and this scheme was 
more effective than its predecessor, since the 
in-kind incentives eliminated the possibility of 
selecting inappropriate inputs. The adjustments 
also allowed for other, unexpected benefits such 
as increased interest from producers and rapid 
adaptation to the new technologies.

Monitoring and evaluation (M&E)

This phase of the project indicates if the agreement 
is achieving the proposed objectives. In addition, 
it provides information to promoters on how to 
improve the provision of ecosystem services 
(Waage et al., 2008). A correct M&E phase also 
allows for the development of the cattle sector 
as a whole. By establishing correct monitoring 
phases for sustainability and extending M&E 
to the different value chain links, it is possible 
to stimulate consumers in the purchase of 
differentiated products, and by this, financial 
sustainability can be assured over time and other 
producers/value chain actors can be encouraged to 
adopt sustainable practices. An adequate scheme 
must include different monitoring angles, such 
as changes in land use, biodiversity, production, 
sustainability indicators, or socioeconomic 
conditions of the population, so that at the end of 
the project, sufficient information can be collected 
for conducting an impact evaluation. For this to be 
successful, it is necessary to accompany and train 
technicians and extension workers in charge of 
collecting information and, prior to that, establish 
adequate field staff selection processes (TNC 
2020). According to Blanco et al., (2008), the PES 
implemented in Colombia present deficiencies in 
the M&E phase. For most cases the impact cannot 
be documented. Nevertheless, experiences made 
with the SS projects are perceived as positive. 
Blanco et al. (2008) state that the ESIME project, 
developed for supporting the adoption of SS, was 
able to document the effect of the incentive from 
a baseline of farms and to quantify changes in 
carbon sequestration and biodiversity. The GCS 
project developed a series of indicators for each of 
the monitoring angles, like e.g. an environmental 
services index, an analysis of changes at the farm 
and landscape levels, socio-economic surveys 
and participatory farm planning. The monitoring 
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effectively evidenced the improvements resulting 
from the project interventions: (i) significant 
increase in hectares under SS, (ii) reduction of 
agricultural land use, (iii) reduction of degraded 
soils, (iv) increase of scattered trees, and (v) 
significant increases in milk production in all 
project regions (TNC 2020).

Conclusions
PES schemes for SS are useful to change the 
behavior or practices of producers but should 
not be understood as stand-alone solution. They 
should be accompanied by technical assistance, 
the establishment of demonstration farms, and the 
provision of inputs for the establishment of SS. 
Likewise, payments should not only be monetary. 
The experiences made with PES for SS denote 
a marked preference of producers for technical 
assistance over monetary payments, as well as the 
provision of materials for adjusting their farms, 
highlighting that the payments made should not 
only be monetary but also in kind. Integrating e.g. 

the cultural value of cattle farming, dynamics of 
generational transfer, family and gender concepts, 
and changes experienced over time, into project 
planning, it becomes visible that economic stimuli 
alone cannot respond to the complexity of social 
relationships that generate those behaviors to be 
transformed by a project. The scarce documented 
information from the Colombian projects shows 
that there is a certain effect of the incentives on 
the change of practices of beneficiaries and, 
consequently, changes in biodiversity are observed 
as the areas under SS increase. The importance of 
establishing a good M&E system for the project 
regions is important, not only to make accurate 
payments for the converted areas but also for 
creating more incentives for donors to invest in 
further projects.
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Abstract
The complex process behind the adoption of improved forages in Colombia remains largely unexplored. 
Despite governmental and scientific efforts to promote and disseminate the implementation of improved 
forages for the sake of sustainable livestock production, local livestock producers continue to extensively 
use native species and adoption rates of more efficient forages remain low. This study explores the 
dynamics behind the development and diffusion of improved forage technologies in Colombia, from 
the 1960’s to the present through an Agricultural Innovation Systems (AIS) perspective. Here we map 
the agents involved, classify the roles they exerted over time and reconstruct the historical context in 
which the creation and dissemination of forage technologies in the country took form. Through the 
use of qualitative research tools such as in-depth interviews, and extensive archival work, we were 
able to identify various factors determining the course of improved forage adoption processes. First, 
a gradual decline on public and private investment destined to agricultural research hindered national 
scientific agendas and affected the continuity of ongoing projects. Second, the primacy of interpersonal 
relationships further complicates this panorama as it can either interfere with or promote the use of 
improved forages, subjecting technology dissemination to a non-institutional realm. Thirdly, released 
technological packages remain incomplete and impede rising adoption rates, mainly due to both 
Colombia’s low-latitude (and its restrictions for national seed production) and ineffective processes of 
training and support aimed at local livestock producers. Aside from the identification of key actors and 
historical trends, the study concludes by suggesting the implementation of a systematic (AIS) approach 
that gives account of the complex and ever-changing process of forage adoption, its agents, roles, 
strengths and limitations so that a comprehensive diagnosis can serve as a guideline for future adoption 
policies in the subject.

Introduction
Improving both quality and availability of 
livestock feed in the tropics has been one of the 
main strategies to increase productivity and reduce 
the sector’s environmental impacts (Herrero et al., 
2013; Peters et al., 2012). Significant research and 
development (R&D) resources have been allocated 
to improve forage germplasm and led to the release 
of different cultivars, such as Brachiaria brizantha 
cv. Toledo (CIAT 26110), Brachiaria humidicola 
cv. Humidicola (CIAT 679) and cv. Llanero 
(CIAT 6133), Brachiaria ruziziensis cv. Kennedy, 
and Brachiaria hybrids (cv. Mulato, Mulato II, 
Caimán, Cobra) (Peters et al., 2011; Pizarro et 
al., 2013). According to studies conducted in 
several countries, those cultivars have shown 
superior characteristics in terms of forage quality 
and availability, better adaptation to different 
soil and climatic conditions, as well as multiple 
environmental benefits (Peters et al., 2012; Rao et 
al., 2015).

However, the final success of such R&D processes 
only takes place when livestock producers make 
effective use of the developed technologies. So far, 
only few studies have been documenting adoption 
and impacts of improved forage technologies, and 
the scarce available literature reports persistently 
low adoption levels (White et al., 2013; Labarta 
et al., 2017). In Colombia for example, planted 
forages are being used on around 62% of the total 
area under pastures in the lower tropics, and B. 
humidicola and B. decumbens (introduced in the 
1970s) are the most common varieties (Labarta 
et al., 2017) – a figure that seems high at a first 
glance. However, many of these areas are in some 
state of degradation (IDEAM and U.D.C.A., 
2015), which shows the lack of adoption of new 
cultivars. For Brachiaria hybrids, for example, 
the adoption rate is less than 1% (Labarta et al., 
2017). In addition, there is a lack of studies that 
go beyond documenting adoption and impacts of 
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improved forages. Although important advances 
have been made in understanding the causal 
relationship between livestock producers and 
their adoption behavior, there are no explanatory 
studies to date that offer a macro perspective for 
understanding the barriers to technology access 
and the mechanisms of dissemination. Available 
literature is explaining some of the factors that 
limit or promote forage technology adoption 
from a primary producer perspective, delving 
into sociodemographic and farm characteristics 
and enabling conditions such as access to credit 
and technical assistance, among others (e.g. 
Lapar and Ehui 2004; Jera and Ajayi 2008; Dill 
et al., 2015). Although vital, we consider that 
these studies lack deeper perspectives that allow 
contextualizing decision-making from a historical 
perspective, evidencing the complex relationships 
between agents and institutions that participate 
in technology development, dissemination and 
adoption processes.

In this sense, the objective of this study is to 
identify limitations and opportunities in the 
development, adoption and diffusion of improved 
forage technologies in Colombia from an AIS 
perspective. Through a qualitative approach we 
provide a detailed analysis that addresses the nature 
of inter-actor relationships and the contingencies 
that determine their development over time. To 
do so, we rethink adoption and diffusion from 
a historical perspective, highlighting the many 
variables and actors that participate in the process, 
in order to (i) identify main events that have 
influenced the course of R&D and dissemination 
of forage technologies in the country; and (ii) map 
the actors that are part of the innovation system, 
describing their roles, links and attitudes. 

Materials and methods 
Information was collected applying a qualitative 
methodology through in-depth interviews and 
a detailed literature review. A total of twelve 
interviews were conducted, six with research 
institutions, five with private sector actors and 
one with a public sector actor. The interviews 
followed an open-ended question format, lasting 
approximately one hour. For each interviewee, 
between 5-7 questions were selected from a 
guiding document developed around the following 
categories: (i) roles, attitudes and practices of the 
institution within the AIS; (ii) historical moments, 
determining institutional or contextual changes 
and their impact on AIS processes; (iii) patterns 
of interaction, relationships and roles between 
AIS actors; and (iv) facilitating environment, the 
role of the government, political and institutional 
context. The selection of the questions was made 
prior to the interview and according to the profile 
of the interviewee. Data analysis was done by 
(a) transcription of information; (b) coding/
categorization of key aspects; and (c) interpretation 
of information.

Results
Mapping of actors

The Colombian AIS for improved forages 
comprises multiple actors, both from the public 
and private sectors. Six main components were 
identified in this study: (i) Policy; (ii) R&D; (iii) 
Extension, training and information; (iv) Seed 
supply; (v) Financing, and (vi) Primary producer. 
According to the scheme proposed by Arnold 
and Bell (2001), the main agents of the AIS for 
improved forages in Colombia (Figure 1).

Figure 1: Main agents of the AIS for improved forages in Colombia
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Relationships between R&D institutions mainly 
occur for collaborative research as part of specific 
projects. The links are strong between some 
institutions (e.g. Agrosavia and CIAT and their 
Forages Network), however, in most cases, we 
observe weak links that generate duplication of 
research efforts and competition for resources. 
There are not many strong links between R&D 
institutions and intermediary agents such as seed 
supply companies. CIAT, as exemption, has a 
strong link with Papalotla regarding the financing, 
co-development, and exchange of information on 
forage hybrids. Seed companies play a key role 
in providing technical assistance and training to 
primary producers, although mainly at the regional 
level. National universities have a high level of 
influence regarding the application of technologies. 
However, this is done through specific scaling 
projects and requiring allies. In the interviews, it 
was pointed out that the impacts of dissemination 
processes depend on the collaboration among 
institutions, and that the competitive nature of 
funds increases the participation of universities 
in R&D processes. The MADR is identified as an 
actor with strong influence on R&D and diffusion 
processes of improved forages. This influence is 
associated with the power the MADR possesses 
in the sustainable livestock policy agenda at the 
national level, the financing of research programs 
and projects in forage technology development, 
and its contribution to establishing and maintaining 
the MGS. In recent years, the MADR and the 
Ministry of the Environment and Sustainable 
Development (MADS) have more and more 
aligned their agendas supporting sustainability 
more strongly. The existence of mentioned gaps 
and weak links between most innovation actors 
and support structures has resulted in a generally 
weak innovation system. However, important 
outreach initiatives are highlighted to strengthen 
institutional links and communication between 
actors, such as the participation of the sector’s main 
actors in platforms (e.g. MGS), and approaches 
from the private sector and research institutions.

Gaps in R&D and dissemination processes

Reduction of research funds: Two historical 
moments stand out as decisive in agricultural 
research, the green revolution and the advent of 
neoliberal economic opening in Latin American 
developing countries. The first moment is 
recognized as a fundamental milestone for 
research where the flourishing and consolidation of 

programs and institutions such as CIAT’s Tropical 
Forages Program and Agrosavia are highlighted. 
In the second moment, that took place in the 1990s 
in the framework of neoliberal transformations and 
economic flexibility, research institutions began a 
process of restructuring due to budget cuts. This 
limited researchers both in the formulation of new 
and in the follow-up and monitoring of existing 
projects. Researchers who before could only focus 
on doing research now had to perform additional 
tasks such as fund-raising, project management 
and other administrative tasks. This undermined 
the development of research agendas, fragmented 
personal and institutional relationships and 
weakened stronger research advances (e.g. 
programs such as the International Network for 
the Evaluation of Tropical Pastures (RIEPT), have 
ended). Since then, the focus of tropical forage 
research is rather set by the availability of resources 
than long-term research agendas. Apart from 
such negative developments, the restructuring in 
the 1990s also had positive impacts on research 
planning. Where researchers before often had the 
role of the benevolent dictator, the new focus was 
set more towards participatory research methods, 
allowing more contact with reality. However, 
there still exist perceived lags in the role of the 
researcher and also the extension worker.

Absence/weakness of social research support: 
Although in recent decades research has tried to 
integrate the perspectives of beneficiary populations 
and to reflect greater horizontality with the 
involved communities, the interviewees indicate 
that the average duration of research projects (3 
years) as a decisive limitation in the diffusion and 
adoption of improved forages. This timeframe, 
they mention, makes it impossible to measure 
the impact and scope of introducing new species 
and is considered insufficient for evaluating the 
continuity of adopting new species. Consequently, 
a complete panorama on the adoption of improved 
forages at the national level is still far from 
reality. According to the interviewees, this is also 
a consequence from what is identified as one of 
the main bottlenecks: the disarticulation between 
different areas and research professionals, as well 
as between entities in charge of formulating and 
executing technological innovation projects.

Lack of cohesion between national R&D 
institutions and seed companies: Both components 
have not yet worked in a joint and interdependent 
manner. On the one hand, the research entities aim 
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at evaluating and releasing new forage cultivars by 
collaborating with their donors. On the other hand, 
seed producers determine their portfolio by their 
own perspective of consumer demand and, above 
all, by seed profitability. This has led to failed 
releases despite promotional efforts, as basic and 
commercial seed supply were not granted.

Release of materials as part of incomplete 
technological packages: Political pressure to 
accelerate the release of materials, the pressure of 
executing research funds in a timely manner, and 
difficulties to understand unexpected events in 
the course of research projects end up triggering 
accelerated releases with low adoption.

High speculation, variation in seed production 
levels and prices by seed companies from Brazil: 
The seed market in Colombia depends on the 
market dynamics in Brazil. The varieties and 
quantities imported by the trading companies are 
negotiated one year in advance, and depend on 
the speculation of companies in Brazil regarding 
the price behavior of forage varieties compared to 
other crops.

Cultural gaps and personal relationships: Personal 
relationships are key in the scaling of technologies, 
since they allow or hinder the interaction of 
various fronts and entities, the continuation of 
projects and their follow-up. They can prevent or 
facilitate access to information and resources and 
at the same time chain inter-institutional relations 
to the personal sphere. Expedited and transparent 
interpersonal relationships facilitate research, 
while rivalries, budgetary struggles, and fragile ties 
hinder or even torpedo the viability of a project.

Weakness of the extension processes in the 
promotion of forage technologies. The reforms 
of the 1990s weakened the key components 
of the national extension system, which led to 
its progressive exhaustion and disarticulation. 
The lack of permanent updating in knowledge, 
methodologies and technologies in the Municipal 
Entities for Technical Assistance (UMATAs), and 
later in the Provincial Centers for Agribusiness 
Management (CPGA) and Agricultural Technical 
Assistance Service Providers (EPSAGROs) stands 
out. This has generated a knowledge gap between 
technology development efforts and user demand. 
The creation of EPSAGRO aggravated this as a 
strategy to attract resources and to the detriment of 
service quality. Especially in terms of promotion 
and scaling of forage technologies, the role of 

Agrosavia, national universities, and entities such 
as CIPAV, FEDEGAN and CIAT stands out, since 
they carry out dissemination activities as part of 
their projects in different regions of the country. In 
terms of training, seed companies play a key role.

Traditionally, credit has not promoted investment 
in sustainable intensification: Despite the fact that 
the Fund for the Financing of the Agricultural 
Sector (Finagro) has established Special Credit 
Lines (LEC) for the promotion and renovation 
of improved forages, as well as productive 
intensification through silvo-pastoral systems, a 
pronounced demand has not been observed yet. 
Instead, credits have been oriented mainly to the 
purchase of animals. This orientation is more 
pronounced among small and medium producers 
with participation percentages of 96.5 % and 
75.75 %, respectively. For its part, the investment 
dedicated to sowing improved forages does not 
exceed 2%. This situation constitutes a limitation 
for adoption. This has been accentuated as a 
consequence of important credit dynamics leading 
to inequalities in the rural sector: A growth in the 
substitute portfolio, where resources have been 
directed towards value chain links with lower 
risk. However, it is important to note that, in 
recent years, credit institutions have established 
mechanisms for adoption, such as the Rural 
Capitalization Incentive (ICR), whose objective 
it is to help subsidize up to 40 % of the debt of 
smallholder producers that request credits for the 
establishment of silvo-pastoral systems.

Discussion [Conclusions/Implications]
The analysis of the R&D and diffusion and 
adoption processes of forage technologies under an 
AIS approach demonstrates the existence of gaps 
and weak links, as well as the interdependence 
and divergence of the institutions in their goals 
and perspectives. This has resulted in a generally 
weak system. However, the actors recognize the 
importance of strengthening collaborative ties at 
the institutional level and, therefore, important 
initiatives have been developed. The results 
also illustrate the complex dynamics behind the 
development and dissemination processes of 
improved forages, marked by important moments 
and decisions at a historical level that have 
encouraged or restricted them. The impact of the 
budget restructuring of the 1990s on research 
work and rural technical assistance services is 
highlighted, as well as the lack of cohesion between 
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R&D institutions and seed companies, which have 
caused the release of incomplete technologies 
and, therefore, resulted in low adoption levels 
and little impact. Dynamics such as changes in 
agricultural credit have accentuated inequalities 
in the rural sector, and limited the adoption of 
forage technologies. The primacy of personal 
relationships that can interfere with or promote 

the use of improved forages is also highlighted, 
subjecting the diffusion of technology to a non-
institutional environment.
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Abstract
Improving nitrogen (N) use efficiency by optimizing the N fertilizer application dose is one way to reduce 
greenhouse gas (GHG) emissions in agriculture and livestock production, especially in higher demanding 
crops such as corn. Taking a Brachiaria humidicola (Bh)-corn rotation system in the Colombian Eastern 
Plains, we seek to determine both the optimal economic dose (OED) and the optimal technical dose 
(OTD) of N, which allow to maximize income at producer level and minimize environmental impacts. 
This particular rotation system was chosen as research subject given the presence of the residual effect 
of Biological Nitrogen Inhibition (BNI) in permanent lots of Bh, which has positive impacts on corn 
production such as increased yields and better N efficiency. The data for this study was obtained from 
trials conducted between 2013 and 2017, where corn production in a Bh-corn rotation system (with 
residual BNI effect) was compared with conventional corn production (without residual BNI effect). 
For determining the OED and OTD of N, three response models were applied: a pseudo-quadratic 
model (PQM), a quadratic model (QM) and a discontinuous-rectilinear model (DRM). The results show 
that the PQM and DRM models turn out to be the most suitable for estimating the OTD producing a 
better fit for the data, thus the required N doses are not overestimated. Bh-corn treatments require lower 
OTD and OED compared to the control scenario, which results from the residual BNI effect. The OED 
is lower than the OTD in the QM and PQM models for the three treatments. Thus, for maximizing 
profits a lower N dose is required. Both N input and corn sales price variables determine the optimum 
dose for maximizing the producer’s profits. In general, estimating the correct doses of N in a Bh-corn 
rotation system contributes to improving both efficiency in production and profitability, helping to avoid 
excessive application of N fertilizers and its associated negative effects on the environment.

Introduction
Among the essential macro elements, N is a critical 
element for the growth and yield of crops (Baligar 
et al., 2001). Specifically, N is a key factor in the 
formation of amino acids, proteins, and enzymes 
in plants (Ohyama 2010). Thus, the contribution of 
N in optimal quantities leads to obtaining forages 
and grains with higher protein content, while a 
deficiency significantly affects plant development. 
In order to maintain desired production levels, 
large amounts of N are applied to the soil, 
obtained mainly from N fertilizers (Baligar et al., 
2001). However, it is estimated that around 70% 
of the applied N is lost through nitrification and 
denitrification processes in the soil (Subbarao et 
al., 2017; Coskun et al., 2017). Fertilizer, which 
is not used by the crop, produces considerable 
environmental damage (e.g. water pollution, GHG 
emissions, nitrous oxide) and generates economic 
loss for the producer (Subbarao et al., 2013).

In this sense, it is important to improve the 
N use efficiency through the optimization of 
application rates. Apart from economic savings, 
this also contributes to reducing GHG emissions, 
especially in crops with high demand for N such 
as corn. Against this background, CIAT and its 
partner institutions have carried out studies on the 
Biological Nitrification Inhibition (BNI) capacity 
of the grass Brachiaria humidicola (CIAT 679) 
(Bh), which allows for a higher NUE in a rotation 
system with corn (Subbarao et al., 2017). A better 
NUE reduces fertilizer costs, decreases the rate of 
nutrient loss and improves crop yields. However, in 
addition to identifying strategies that assure better 
NUE, it is necessary to determine the optimal N 
levels that maximize the economic return for the 
producer, considering key market variables such 
as input and sales prices.

In this sense, and based on technical data derived 
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from previous BNI research in a Bh-corn rotation 
system, the present study aims at determining 
both the OTD and OED doses of N that allow 
to maximize income at the producer level and 
minimize environmental impacts. This was done 
by applying three response models: (i) a pseudo-
quadratic model (PQM), (ii) a quadratic model 
(QM), and (iii) a discontinuous-rectilinear model 
(DRM). We also compare these models, in order 
to determine the one with the best fit. 

Materials and methods 
Data source and study area

The data used in this study were derived from a 
technical evaluation carried out by Karwat et al. 
(2017). This study measured the residual BNI effect 
in permanent pastures of Brachiaria humidicola 
(CIAT 679) on the subsequent production of corn 
(Monsanto Dekalb 1596 hybrid). These effects 
include an increase in corn yields and higher 
NUE. The compilation of technical data was 
carried out at the facilities of Agrosavia (formerly 
Corpoica) in La Libertad, located in the foothills 
of the Eastern Plains in Colombia (4°03′46″N, 
73°27′47″W), during an evaluation period of five 
years (2013-2017). Average annual precipitation 
is approximately 3685 mm with an average 

temperature of 21.4 °C. The elevation is 338 
m.a.s.l.. The data related to costs were collected 
during the establishment of the trials, and updated 
to market prices according to the Colombian Price 
Information System for the Agricultural Sector 
(SIPSA) and the Colombian Cattle Producer 
Federation’s (FEDEGAN) databases.

Description of the treatments

Corn production was measured in the following 
three treatments: (i) productive Brachiaria 
humidicola (BhProd), after 15 years of 
establishment and with high BNI potential; (ii) 
degraded Brachiaria humidicola (BhDeg), after 15 
years of establishment and with low BNI potential; 
and (iii) conventional corn (corn) production 
(control scenario), without residual BNI effect. 
Four doses of N were applied in each treatment: 0 
(control), 60, 120 and 240 kg N/ha-1, respectively. 
Corn was harvested in the last months of the rainy 
season of each year (July 2013, June 2014 and in 
May 2015, 2016 and 2017, respectively).

Response models

Table 1 describes the main characteristics and 
equations of each response model.

Table 1: Description of the response models

R e s p o n s e 
models

Model logic Equation

QM Determines the critical point (dose of 
the nutrient (x) with which the yield 
(y) is maximized) by using the first 
derivative of equation 1.

 

where:

: corn yield.

: threshold yield (average yield obtained with-
out nutrient application)

: applied nutrient dose

: linear coefficient

: quadratic coefficient
PQM In this model, the critical point was 

determined by using the first deriva-
tive of equation 2. where:

: corn yield.

: threshold yield (average yield obtained with-
out nutrient application)

: applied nutrient dose

y : coefficients

α: adjustment to the model
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R e s p o n s e 
models

Model logic Equation

DRM In this model, the results of the yields 
were taken and ordered according to 
the increasing doses of the nutrient. 
The maximum stable yield, the slope 
of the response and the turning point 
of the yield were established.

where:

: corn yield.

: threshold yield (average yield obtained with-
out nutrient application)

: applied nutrient dose

: amount of product obtained with each dose 
of nutrient applied until reaching the stable 
yield plateau = slope   

: stable yield plateau or stable yield peak

: minimum amount of nutrient required to 
achieve stable yield plateau 

OTD and OED estimations

OTD refers to the N dose that leads to a maximum physical or biological production and OED to the 
dose that leads to a maximum economic return. Table 2 shows the respective equations.

Table 2: Determination of OTD and OED in each response model

Model

Equation OTD

Equation OED*
QM 

PQM   (8)

DRM N/A

*Px: N price (kg); Py: corn price (kg)

Results
Figure 1 shows the adjustment of the models for 
2016. Each point represents the average performance 
(of at least three repetitions) corresponding to each 
N dose applied in the different treatments. The 
three estimated models proved to have a good fit 
according to the R2 indicator. Between 34% and 
92% of the corn yield variation is explained by 
variations in the N fertilizer dose. Furthermore, 
the analysis of variance shows that the models are 
significant, with F values of <1%. The OTD and 
OED estimates are presented in Table 3.

In most cases, the OTD estimate shows higher 
values in the QM and PQM models for the three 

treatments than in the DRM model. The OTD 
values are different in each of the three models 
which results from the fact that each model obtains 
its best fit depending on the distribution of the data. 
In the case of QM, an alpha equal to 1 is used for all 
cases, while PQM adjusts a different alpha for each 
year and treatment depending on the distributions. 
DRM shows a very flat trend due to its linear fit 
in the first leg and a stable plateau for the second, 
so it only considers the lowest possible doses to 
achieve this plateau. Considering the fit of the 
three models during the four years of evaluation, 
the QM model tends to overestimate the maximum 
yield and the level of fertilizer required. The PQM 
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model presents, in most cases, the best fit in the 
data distribution. Therefore, the values obtained 
from the PQM model for both OTD and OED are 
used. Results show that the BhProd treatment is 
the most efficient in both technical and economic 
terms. In other words, although the ODT and OED 
are 12% and 20% higher than the values of these 
indicators for the control scenario (Corn), the 
maximum expected return is 32% and 40% higher, 
respectively. In terms of efficiency, BhDeg ranks 
second and corn third.

When comparing the OTD and OED values, 
we can see that the OED is lower than the OTD 
in both the QM and PQM models and for all 

treatments. This means that in order to maximize 
profits, the optimal N dose needs to be lower than 
the optimal dose for maximizing the yields, since 
the additional cost of fertilization does not justify 
the additional corn yield. This makes evident that 
both the price of N and corn are definitive factors 
that determine the optimal N dose for maximizing 
producer profits. On the other hand, both Bh-
corn rotation treatments present lower OTD and 
OED values than those estimated for the corn 
treatment, which is a direct result of the residual 
BNI capacity of Bh. This shows that the rotation 
system is a potential alternative to improve both 
production efficiency and profitability compared 
to a conventional production system.
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Table 3: OTD, OED and maximum average production 2013-2017

Variables/

Treatment

QM Model PQM Model DRM Model
Corn BhDeg BhProd Corn BhDeg BhProd Corn BhDeg Bh-

Prod
OTD (N/ha) 286 232 251 172 245 197 156 149 153
MPOTD (kg/corn/ha) 11419 10602 12125 3433 5328 5116 3032 4445 4583
OED (N/ha) 229 183 186 126 189 158 NA NA NA
MPOED (kg/corn/ha) 8839 8516 9897 3209 5196 5439 NA NA NA

MP: Maximum average production

Conclusions
Both the PQM and DRM models turn out to be 
the most suitable for estimating the OTD. Given 
the best fit of the data distribution, required N 
doses are not being overestimated. The BhProd 
treatment proved to be the most efficient in terms 
of N use both at technical and economic level since 
the optimal N level results in the highest expected 
yield, compared to the other treatments. The OED 
is lower than the OTD in both the QM and PQM 
models and for all treatments, indicating that for 
maximizing profits, a lower N dose is required 
than for maximizing yields since additional 
fertilization costs do not justify higher N doses. 
Both N input and corn sales prices are definitive 
factors in determining the optimal N dose for 
maximizing producer profits. The results of this 
study are key for providing recommendations to 
primary producers on the correct N doses to apply 
in a Bh-corn rotation system. This contributes 
to improving both efficiency in production and 
profitability, and help to avoid the excessive and 

unnecessary application of nitrogen fertilizer and 
its associated negative effects on the environment. 
The results are also important for other actors (e.g. 
extension workers, policy and decision makers) 
who offer recommendations on fertilization or 
work on guidelines and policies for fertilizer use.
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Building sustainable rangeland management systems through a One System innovative 
approach 

 
Irwin B.C;  Ameha T.A; Mangano M.; Solomon B.W and Wood T.

Working through a collaborative working partnership between the USAID Feed the Future Resilience 
in Pastoralist Areas (RiPA)1 program and Land Governance Activity (LGA)2 and selected technical 
partners, these new rangeland programs aim to build on significant breakthrough successes in rangeland 
management from their previous lowland programs3. These new lowlands pastoralist development 
programs have been purposely positioned by USAID to coordinate, collaborate and combine working 
activities focused on the continued improvement and strengthening of rangeland management systems 
in the lowlands of Ethiopia. In light of this positioning, it is proposed that the programs work together 
to build a comprehensive sustainable rangeland management system. This can be achieved by adopting 
a One System innovative approach, through the combining of existing institutional knowledge, skills, 
tools and approaches, to create a hybrid Sustainable Rangeland Management system. This will be done 
by the programs combining and merging the different rangeland management tools and approaches 
that have been developing to date. It is also recommended that the work draws on other rangeland 
management approaches that will compliment, further strengthen and make complete, a comprehensive 
sustainable rangeland management system.

The starting point of this collaborative One System innovative approach has been the set up and 
functioning of a Sustainable Rangeland Management Working Group. The Sustainable Rangeland 
Management Working Group is the main vehicle for the collaborative work. Initially the Working Group 
has a small membership, comprising of the main RiPA and LGA actors; Mercy Corps and CARE, PCI, 
Tetra Tech. This will allow for these organization to work efficiently and effectively together and develop 
the design content of the sustainable rangeland management system. Once the new sustainable rangeland 
management system is developed, the membership of the working group will be expanded to involve 
other key lowland actors; both government, non-government and development partner actors. The US 
Forest Service (USFS)4, are also engaged within this new sustainable rangeland management working 
group. The USFS is currently conducting an assessment of community based rangeland management 
approaches across a number of East African countries. This wider rangeland management assessment 
work will compliment and add value to this collaborative initiative.

 
 

 

Sustainable Rangeland Management can be 
defined as the implementation of a set of activities 
that aims to ensure a sustained yield of rangeland 
products, whilst protecting, restoring and 
improving the basic rangeland resources of; soil, 
water, and plant and animal life. 

In the context of Ethiopia’s rangelands, this means 
a set of management activities that aim to balance; 
livestock management, the intensive use of grass 
and shrub vegetation and perennial/seasonal 
water resources by herds of grazing and browsing 
livestock within an extensive livestock production 
system, and crop production, the expanding use 
of cultivable land for rain-fed and irrigation based 
crop production. It is important to note that the 
herds of livestock are predominately managed 
by groups of (semi) nomadic pastoralists, and 
the use of cultivable land for crop production is 
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predominately managed by groups of settled agro-
pastoralists, urban and peri-urban settlers and 
commercial agricultural investments.    

It is proposed that the actual rangeland management 
systems design work will focus on four key tools 
and approaches of rangeland management that 
we have been developing. These four aspects are; 
Participatory Rangeland Management5; AfriScout 
digital systems6; Communal Land Tenure 
Systems7; Holistic Rangeland Management8. 
A brief description of each of the 4 rangeland 

 
What is Participatory Rangeland Management 
(PRM) is a process whereby; pastoralist 
communities, working through customary 
rangeland management institutions; and 
government, working through agricultural and 
pastoral development extension services, establish 
a legally binding rangeland management plan 
and agreement for the sustainable management 
of a defined area of rangeland and the natural 
resources within that area. PRM aims to ensure the 
sustainable use of natural resources, resulting in a 
healthier rangelands which maintain and increase 
productivity and thereby, result in a more resilient 
pastoralist livelihood system based on livestock 
production. PRM works to ensure that the interests, 
positions and needs of representative groups of 
pastoralists are fully included in the management 
of rangeland resources. The foundation blocks of 
PRM systems are working from a basic knowledge 
of customary rangeland management systems and 
the development of an appropriate and legitimizing 
process of communal land and resource tenure that 
suits the priorities of local pastoralist groups, as 
well as government administrative bodies. 

The Participatory Rangeland Management 
(PRM) process is based on 3 stages and 10 steps 
. The overall objective of PRM is to produce a 
management document; a Rangeland Management 
Plan, working with the key rangeland management 
stakeholders; community groups and government 
agricultural and pastoral development extension 
services. The rangeland management plan 
includes both management actions and bylaws. 
The management plan is a legal document 

that commits both community rangeland 
managers and government pastoral development 
extension workers to clearly identified roles and 
responsibilities for specific rangeland management 
activities. In order to monitoring progress, adjust 
and update the implementation of the rangeland 
management plan, the plan also sets out rangeland 
monitoring activities. PRM is a new long-term 
partnership between the rangeland management 
institutions and the appropriate government 
offices. PRM will require people to take on new 
roles and new ways of working, and learn new 
techniques of rangeland management

The Shepard’s Eye in the Sky - Recognizing 
that data could enhance indigenous knowledge 
and practices, PCI created AfriScout® - the 
first application for pastoralists designed 
with pastoralists. The AfriScout app provides 
updated satellite information on forage and 
water availability specific to community grazing 
areas enabling more accurate and cost-effective 
migration decisions. While masking conditions on 
areas outside accepted traditional grazing lands, 
it significantly expands the user’s field of vision 
within their grazing areas. This improves capacity 
for pasture management within while deterring 
excursions outside of accepted grazing areas that 
can lead to conflict. The app also archives previous 
map updates in an album so that users can monitor 
past forage conditions and analyse climatic changes 
in their local areas over time. from a menu of 
grazing hazards and post geolocated alerts on their 
community map. Users receive notifications when 
other users post alerts on their community grazing 
map. They can attach pictures and comment back 
and forth. This peer-to-peer information sharing 
enables pastoralists to enhance collaboration 
on land management and warn each other about 
potential conflict, animal disease, or other matters 
that may impact the safety and security of their 
herd and their families. AfriScout has mapped 
over 239,000km2 of communal grazing lands in 
Ethiopia, Kenya and Tanzania. There are currently 
more than 7,700 registered app users. Over the 
next 5 years we project direct subscriptions, sales 
of bundled services and contractual services will 
be available. In Kenya, all three of these revenue 
sources are being realized, including paying 
subscribers. 

AfriScout Digital systems
Participatory Rangeland Management
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Protection of pastoralist land rights require a system 
of land governance that coordinates and manages 
conflicting demands for those resources. The social 
structure of the pastoral society such as kinship, 
clanship and other divisions and the customary 
institutions and leaders that are managing the 
land resources have to be recognized, empowered 
and strengthened to be responsible for managing 
the land of the community. Studies affirm that 
securing pastoral land rights through policies 
and legislation will assure pastoral land rights 
protection and increase the benefits from pastoral 
livestock production and secure the livelihoods of 
pastoralists. It is recommended that adjudication of 
pastoral landholdings should be based on current 
use of the pastoralists with consent of adjoining 
communities and their customary institutions 
responsible for managing access and use of the 
grazing resources be empowered and strengthened. 
It should also be understood that pastoralist 
communities have reciprocal arrangements for 
use of land resources in times of catastrophes like 
drought, flood and disease pandemics. Therefore, 
adjudication of specific lands to specific pastoral 
communities should not lead to the prevention 

of other communities from accessing these 
resources. The goal is to bestow responsibility for 
the custodianship and management of the grazing 
resources so that they don’t become no man’s land 
for which there is no responsible body accountable 
for their proper use and sustainable management.
The process of securing pastoral land rights is 
essentially conducted by undertaking a number 
of steps. Awareness raising among government 
and community stakeholders on the purpose and 
processes of pilot pastoral landholding registration; 
Establishment of pastoral advisory committees at 
the regional and zonal/woreda levels to keep all 
stakeholders informed; Rapid assessment of the 
customary land use and rules of accessing and using 
grazing resources and customary organization 
for land management to inform determination 
of pastoral communities and landholdings, and 
to inform drafting the legislation and bylaws 
necessary for registration of landholdings; training 
of pastoral Community Land Governance Entities 
(CLGEs) and  Land Adjudication Committees 
(LACs); training survey crews for demarcation, 
mapping, registration, and certification; and 
applications of remote sensing, global positioning 
system (GPS) and GIS. Landholding demarcation, 
adjudication, and mapping; Validation of pastoral 
landholding boundary by the land adjudication 
committees and the public at large; Registration 
and issuance of pastoral landholding certificates.

Holistic rangeland management is a 
comprehensive framework for decision-making 
that includes a robust community engagement 
model very similar to the Participatory Rangeland 
Management approach.  Holistic management is 
very complementary to PRM, given that it focuses 
on techniques to regenerate rangeland soils, 
drastically improving productivity of soil, pasture, 
and livestock.  By using PRM as an entry point, 
the One System innovate approach will integrate 
technical training using approaches from the 
Savory Institute to enrich the PRM process.  This 
includes analysis of ecosystem processes (water, 
nutrients, bio-community, and photosynthesis) 
as well as detailed land planning and grazing 
planning with the aim of restoring these ecosystem 
processes.  RIPA will leverage the knowledge and 
materials from holistic management to strengthen 
the PRM process with a specific focus on landscape 
restoration. 

Holistic Rangeland Management 

Communal Land Tenure Systems

Northern Kenya Pastrolist using Afriscout
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The Mara rangeland training centre, based in Kenya, 
will be used to develop skills and learning around 
the application of holistic rangeland management. 
The Mara Training Centre will showcase the 
progress within Enonkishu Conservancy. The 
centre has trainers, community cattle, herders and 
wildlife creating a strong example of how holistic 
management works on the ground.  
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CLOSING REMARKS BY DR. ELIUD KIREGER, DIRECTOR GENERAL (DG), KENYA 
AGRICULTURAL AND LIVESTOCK RESEARCH ORGANIZATION (KALRO),  NAIROBI, 

KENYA

The CS, Ministry of Agriculture, Livestock, Fisheries and Cooperatives 

The PS State Department of Crop production and Agricultural Research

The PS State Department of Livestock

The Chairperson International Grassland Congress Continuing Committee

The President of International Rangelands Congress Continuing Committee

Distinguished Delegates

Ladies and Gentlemen
Livestock and human population is rising in the rangelands as frequent droughts and floods are causing 
death of livestock and human lives in many tropical regions. Increasing productivity in these regions in 
order to sustain these populations, is to be done while at the same time reducing degradation. In order 
to effectively contribute to the growth of the agriculture sector, KALRO (established through Kenya 
Agricultural and Livestock Research (KALR) Act 2013) works in the rangelands and grasslands to 
develop technologies, innovations and management practices that aims to increase productivity and 
reduce degradation. 

Ladies and Gentlemen
The rising livestock populations, increased settlement and degradation has affected the livestock feed 
security, mainly grass and forage based sources. Kenya has a long history of grassland/rangeland research 
and development in East Africa, dating back to early 19th Century, culminating in the setting up of the 
Grassland Research Station in Kitale in 1950s. Many of the grass species developed in this station have 
found their way to other tropical countries such as Brazil and Australia where they have been greatly 
improved making those countries leading beef producers globally.  The KALRO is now implementing a 
programme to repatriate some of these forages back to Kenya to boost the livestock industry.

During the launch of the African Green Revolution Forum (AGRF) of 2021 Conference, the president 
went ahead and declared drought as a national disaster in Kenya. In order to deal with the perennial feed 
shortages, KALRO has introduced, through its Arid and Rangelands Research Institute (ARLRI), a re-
seeding program, where grasses, mainly indigenous and introduced, are used to improve the rangelands. 
The Institute has enabled farmers to produce enough grass for their livestock, stock more in form of 
hay and sell to other farmers. In the coastal lowlands and highlands, which are currently experiencing 
droughts, Brachiaria grass has been introduced. The resilient grasses sequester carbon and have an 
additional benefit of reducing greenhouse gases. 

Ladies and Gentlemen
Today, we in KALRO have adopted the ‘Climate Smart Agriculture Strategy, 2017-2026’ in developing 
technologies, innovations and management practices. Technologies we develop are climate smart, in 
order to sustainability increase income and productivity. The theme of the Congress “Sustainable Use 

CLOSING REMARKS
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of Grassland and Rangeland Resources for Improved Livelihoods” therefore share KALRO’s desire to 
build resilience and increased agricultural productivity and improving livelihoods of the people living 
within the rangelands and grasslands. 

Ladies and Gentlemen
Ensuring food and nutrition security in the region depends not only on improved forages and animal 
breeds, but also on education of the communities and having vibrant seed systems. In partnership with 
private sector, including mass media, KALRO has repackaged knowledge from research and delivered 
to farmers directly on print, TV or radio media or through county extension service. In terms of providing 
quality forage seed KALRO, works with farmers and the Kenya Plant Health Inspectorate Services 
(KEPHIS) to produce seed to enable farmers establish own pastures. KALRO is also a major source of 
superior animal breeds, for example Boran and Sahiwal bulls and superior camel breeds for the very 
arid rangelands. 

Ladies and Gentlemen
The unpredictable weather is still a challenge and KALRO, working with Kenya Meteorological 
Department (KMD), has introduced ICT based advisories, which not only give weather predictions, but 
have components on existing markets for livestock products. Among them is the Kenya Agricultural 
Observatory Platform (KAOP).

Finally, KALRO has had the privilege of being part of the organizing team for the congress, and offers to 
participate by sharing its experiences, beliefs and approaches to tackle adverse effects of climate change 
the productivity of grasslands and rangelands in Kenya.    

Thank you 
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I want to start by highlighting two significant accomplishments of the IGC Continuing Committee 
during the last two years. As you all know, the IGC and the IRC Proceedings are a permanent record, a 
permanent legacy of research in grasslands and rangelands. They will outlive us all. Now, not only are 
past Proceedings available through libraries around the world, but we have the past five Proceedings 
available as a searchable database. Anyone around the world can simply google an author’s name, 
and keywords from one of their Proceedings papers and the paper will be available for viewing or 
downloading. If this simple search does not work, then add International Grasslands (or International 
Rangelands for the Joint Congresses). A record of the number of downloads will also be provided for 
author’s vitaes. The International Grasslands Congress recently obtained copyright permission from 
Wageningen Academic Publishers for the XX IGC in Ireland (2005) to be included in the searchable 
database, previously this Proceedings could only be purchased as a hard copy or e-book. The Proceedings 
site has been developed by the University of Kentucky library system, hence the name UKnowledge. To 
reach the main site go to internationalgrasslands.org under click on publications or google International 
Grassland Proceedings. We are working towards all the Proceedings being on this site in coming years, 
even translated copies of the first two Proceedings which are in German.  

A comprehensive IGC history was released in early 2021 “The History of the International Grassland 
Congress - 1927 to 2020”. The IGC Congresses began with an invitation letter that Dr. Fredrich Falke 
sent to 50 grassland scientists in mainland Europe and the subsequent gathering and tour for 16 of these 
scientists in Germany in 1927. There are many details from these early years of IGC that we would 
not know without the publication of this history. The history includes information from every IGC 
Congress and other significant events in grassland research during the last 93 years. Many supplemental 
documents are also included in the appendix including short biographies of the six most influential men 
during the first 20 years including: Dr. Falke (Germany), Dr. Anders Elofson (Sweden), Professor Albert 
Volkart (Switzerland), Sir R. George Stapledon (United Kingdom), Dr. ir. Derek Siewert Huizinga 
(Netherlands), and Professor Richard Geith (Germany).

The history began as an idea by Dr. Garry Lacefield (USA) and myself soon after the XXIII IGC in 
India. We felt like an update and expansion of the IGC History by Dr. Ross Humphries in the late 
1990’s was in order. Dr. Lacefield talked with Dr. Vivien Allen about working with us on the history, 
based on her long-term connection with IGC including serving as Chair of the Continuing Committee 
from 2001-2005. She also chaired the International Forage and Grazing Terminology Committee that 
published An International Terminology for Grazing Lands and Grazing Animals in 2011. This was a 
collaborative effort with both the International Grassland Congress and the International Rangeland 
Congress.  Dr. Allen began to discuss details of the IGC history with Dr. Roger Wilkins (UK) who 
played a prominent role in writing the initial IGC Constitution in 1978 and the revised version in 2001. 
As the months passed, Drs. Allen and Wilkins became the primary authors of the history and used their 
many worldwide grassland contacts to source information that would have been unavailable to the 
average IGC member. The resulting almost 400 page book is a compelling read to anyone interested in 
grasslands. It can be ordered from the IGC website (internationalgrassland.org) as a hard copy book or 
downloaded as a pdf document. 

As I stand here in Kenya today, I want to say that one of the highlights of my professional career has 
been working with such an outstanding group of scientists, administrators, and staff at KALRO (Kenyan 
Agricultural & Livestock Research Organization), at the Kenyan Ministry of Agriculture, Livestock, 
Fisheries and Cooperatives, and other organizations in Nairobi. They have been patient with me ever 
since my first Congress planning visit in 2016. They have been patient as I mispronounced their names. 
They have been patient as I broke nearly every formal meeting protocol, often breaking in when chairs 
of committees had the floor. I’m sure if I was Kenyan, I would have been demoted. But they just smiled 
and nodded their heads and gave me the floor. 

CLOSING REMARKS BY PROF. RAY SMITH, CHAIR OF CONTINUING 
COMMITTEE OF THE INTERNATIONAL GRASSLAND CONGRESS
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I flew into the country at least every year either on my own, or with Dana Kelly (IRC Chair), Jim 
O’Rourke (IRC Secretariat), and once with Derek Woodfield from the IGC Continuing Committee. We 
expected them to break away from their many job responsibilities for several weeks before and after our 
visits. And, to my knowledge, none were paid more than their regular salary. But they were expected to 
do more. And to a man and to a woman they rose to the occasion. Thank-you. 

This Congress in Kenya all started with Dr. David Miano and his leadership as chair of the IGC 
Continuing Committee after the IGC Congress in Sydney, Australia in 2013. He showed vision and 
leadership in working with colleagues to bid for the Congress to be held in Africa for the first time. 
David initiated gathering together his colleagues at KALRO. He organized the team that came to the 
IGC Congress in India to accept the bid. He then helped spearhead the effort to develop a bid for the 
International Rangeland Congress and brought a delegation to Saskatoon Saskatchewan Canada in 2016 
to present the bid that this be a Joint Congress. Thank-you David. It’s been an honor to succeed you.

There are many, many people I’d like to thank, on behalf of myself and Dana Kelly. We have worked with 
3 Principal Secretaries of Livestock, but the longest with Harry Kimtai, chair of National Organizing 
Committee (the NOC) Principal Secretary State Department for Livestock. He personally led most of 
our 15 NOC meetings. He always made us feel welcomed each time wevisited with him in his office. 
Thank you. 

We’d like to thank the Director General of KALRO Dr Eliud Kireger, Vice Chair of the National 
Organizing Committee for his support of a joint Congress. I remember the first time we met in February 
2016. I was very nervous as I entered his office, trying to remember the protocol I had been told to 
follow. 

Both of these men made the extraordinary effort to accompany the Kenyan delegation to the Society of 
Range Management meetings in Denver CO in February 2019. They participated in the meetings and 
manned the Congress booth. And they joined with us as we cheered on Dr Ernest Bogo when he dressed 
as a Swahili warrior with a tall Gallagher fencepost as a spear. I assume the airlines wouldn’t permit a 
real spear. Little did we know that Covid would soon devastate the world. But they stayed committed 
and supported the Congress during these tumultuous and unpredictable times.

We’d like to thank the government of Kenya for their tremendous financial support. Cabinet Secretary, 
Ministry of Agriculture, Livestock, Fisheries and Cooperatives, the Hon. Peter Munya gave his full 
support for the Congress.   

We want to give a special thanks to Dr Joseph Mureithi, Deputy Director General (Livestock) for 
KALRO and the Chair of the Secretariat for the Congress. He gave much of the administrative oversight 
for the activities of the secretariat. Over all these years, Dr. Mureithi has provided great foresight and 
leadership. He also attended to many tasks large and small, even personally lining up drivers to pick us 
up from the airport. He is now a close friend. Thank-you Joseph. And my invitation to host you and your 
wife Grace in our home in Kentucky in 2023 is very genuine. 

We want to thank Dr Elkana Nyambati, the secretary of the Secretariat for his key involvement with all 
of the Congress committees. When wewould head back from Kenya after one of our week-long trips, 
we would both get emails from Elkana late at night as he followed up on all the tasks that we had come 
up with during our visits. Thank-you Elkana.

We want to give a special thank-you to Primrose (Nabwire). She was the wheel that kept everything 
running. From receiving and distributing proceedings papers to reviewers, to handling registrations, to 
recording and typing meeting minutes, to calling the PS’s office to line up meetings, and about a million 
things more. You may think I’m exaggerating but I’ll bet if you count all the emails that Primrose has 
answered during the last few years, it would add up to a million (or at least several hundred thousand).

There are so many others to thank. Especially the leadership of the Secretariat. Thank you, Florida 
Maritim for chairing the publicity committee and Stephen Odipo for being the secretary. You both 
worked long hours for this Congress, especially in the last months. Thank you, Simon Onchiri for 
chairing the local arrangements committee and Cecilia (Onyango) for being the Vice-chair. Thank you 
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Elkana for serving as secretary to this committee. You all worked so hard lining up the Congress venue, 
hotels, and all the other aspects for a physical meeting, and then you had to shift gears and line up details 
for a virtual Congress.

Thank you Patrick Watete for chairing the tour committee, Oliver (Wasonga) for serving as co-chair, 
and Michael Okoti for being the secretary. You spent many long hours planning and conducting 
reconnaissance trips for some amazing pre- and mid-Congress tours around Kenya and even to Tanzania. 
I know that Dana and Jim really enjoyed their reconnaissance trip south into Tanzania, and we wish we 
had been able to run this for Congress. More recently you worked with Stephen and others to develop 
virtual tours. Thank-you. 

We want to thank Patrick (Ngicuru) for serving as chair of the finance committee and Festus (Murithi) for 
serving as secretary. This was a critical role you played, and you both showed diligence with the many 
permutations of the budget and the paperwork involved. And thank you George (Keya) for chairing the 
fundraising committee and Alice for serving as secretary. 

We want to give a special thank-you to Professor Moses (Nyangito) for chairing the publications 
committee, Dereje (Wakjira) and Lance (Robinson) for serving as co-chairs, and to Jane (Wamuongo) for 
serving as secretary. Lance, thanks for your commitment for working so diligently with the committee 
even after moving back to Canada from Kenya. You and the entire team handled 1000 abstracts and 
arranged for each one to be reviewed. Then you fielded over 600 full-length paper submissions and had 
all of them reviewed and some re-reviewed. Then you worked with the program committee to make sure 
all of this would fit into a program. 

And we want to give an extra thank-you to Professor Jesse Njoka for so capably chairing the program 
committee and An  Notenbaert for serving as co-chair. Professor, you put in so much effort on the 
initiative for a Traditional Knowledge Forum. The forum may not have been held at this Congress but 
the groundwork that you and Dana laid sets a valuable foundation for it to be held at future Congresses. 
Thank you Foustine Wandera for serving as secretary of the program committee. And serve you did. I 
know you had many late, late nights working on the 3rd,4th, 5th, …..10th versions of the program. In-
person, hybrid, in-person, virtual, maybe hybrid, and then finally virtual. Thank you.

Thank you Caroline for helping in recent months and Protel for the tremendous work you did over 
the last few weeks and especially the last few days. We also want to thank all those that were heavily 
involved early on and have since retired or moved on to other positions. Thank you all. 

You’ll notice I used many first names. This is not the professional protocol in Kenya, but I was very 
deliberate in doing this to show the close working relationship Dana and I have had with all of these 
individuals over the last 5 years. I’ll make sure to add last names to my written transcript that has the 
permanent proceedings, but to me, I’ll always think of you fondly by your first names.

We want to thank Dr. Jim O’Rouke, permanent secretariat of the International Rangeland Congress. He 
has been the backbone of the IRC organization for years, going back to 1978 when he was one of those 
who helped start the International Rangeland Congress.  He started his official duties with IRC in 1995 
as a member of the continuing committee, then as President of the Continuing Committee and now as 
secretariat. Jim, it has been great working together all these years and I have fond memories of Dana, 
Stephanie and I sitting with you at the Jacarada hotel with your Tusker beer in hand and sharing stories 
of being a young range scientist in Tanzania and all your adventures during those years. Even driving all 
the way to Nairobi for groceries. And most of all Jim, thank-you for raising the majority of the outside 
sponsorship that allowed so many delegates to attend this virtual Congress at no charge. And I thank-you 
on behalf of all those attending right now because of you.

I have several more thank-you’s. A huge thank-you to Dana Kelly. Officially, Dana and I share the 
same position leading our Continuing Committee. She as President of the IRC Continuing Committee 
and me as Chair of the IGC Continuing Committee. But that’s just the surface. Dana, it has been a 
pleasure and a joy working with you over the last 5 years. I’ve seen you show grace and leadership, even 
under tremendous pressure. I’ve seen you show extreme politeness and I’ve seen you show forcefulness 
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when necessary. I have seen you provide incredible vision for IRC over the years and leadership for 
initiatives like the International Year of Rangeland and Pastoralists. I have so appreciated working with 
you professionally, but even more knowing you as a dear friend to Stephanie and I. Thank-you Dana. 

And a special thank-you to my wife Stephanie. We have been married 38 years and have 4 grown 
children and now 7 grandchildren. You stood by my side through grad school and 30 years of a very 
demanding professional career.  And little did you know when we were in India and I told you I’d 
been nominated to chair IGC that it meant working double and triple overtime from my day job at the 
University of Kentucky. Thank-you Stephanie. Thank you also to Dana’s husband, Mark, as he has 
supported her work on the Congress over the years.

Now, speaking to all of my Kenyan colleagues and friends who are sitting in front of me (Note: the 
NOC secretariat met in person in Mombasa during the week of the Congress). There have been profound 
changes in our world during the last two years, but you have and are rising above. Covid will not defeat 
you or any of us, just as the IGC leadership resurrected the organization after a 12-year break during 
and after WWII. You have risen to confront these formidable challenges and have overcome. Sure, you 
are disappointed not to be hosting delegates in-person in Kenya to experience the people, the culture, 
the vast and beautiful grasslands and rangelands. But you have given them a taste, an introduction, and 
reason to visit and spend time here in the future. And you have continued the legacy of both the IRC 
and the IGC. You have provided the platform for this Congress, the recorded presentations that are now 
available to all delegates and the permanent proceedings papers that will be available for generations 
of scientists. And although this Congress was virtual you have still helped create very real and lasting 
interactions between researchers from many countries. Thank-you. Asante-sana.

Lastly, Dana and I  want to thank all of you around the globe. Thank-you for your perseverance and 
patience with the postponement of the congress, with delays, with extensions, with communication issues.  
Thank-you for sticking with us and helping move all of us forward toward even greater significance in 
our profession fields, influence on policy, and most significantly in our efforts to improve the lives of 
those residing on the rangelands and grasslands of the world. Thank-you.
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President, International Rangeland Congress Continuing Committee, Prof. Dana Kelly  
Chairperson, International Grasslands Congress Continuing Committee, Prof. Ray Smith
Director General, KALRO, Dr. Eliud Kireger 
Distinguished Delegates

Lades and Gentlemen
The 24th International Grassland and 11th International Rangeland Joint Congress, the first-ever joint 
Congress to be hosted in Africa and first IGC-IRC virtual congress, is coming to a close. This Congress 
was set to do three things: 
(i). Bring out and discuss key issues affecting global grasslands and rangeland resources;
(ii). Propose interventions, resolutions and guidelines on how to address food and nutrition security
       challenges arising from use of world grassland and rangeland production systems; and
(iii).Bring to the fore the role of public and private partnerships in improving global grassland/ rangeland 
       resources and their derived livelihoods, particularly for pastoral people. 

Ladies and Gentlemen
This Congress was conducted through plenary concurrent sessions, and also panel discussions in order to 
enable scientists, practitioners and policy makers participate and contribute to the matters in their hands. 
We had sessions on Range/grassland ecology; forage production and utilization; livestock production 
system; wildlife and tourism; biodiversity, ecosystem services and ranching; incorporating education in 
building capacity of the pastoralists to manage rangelands/grasslands; among others. 

The Continuing Committees of the International Rangeland and International Grasslands Congresses, 
entrusted Kenya to host the joint congress and we are indeed grateful. Their decision is justified by 
the high level of participation witnessed in the Congress and to the many very fruitful discussions 
that were held and the resolutions reached. I believe, if the resolutions are adopted, we shall have 
sustainable Rangelands and Grasslands where livestock, wildlife and pastoralists co-exist in complex 
inter-relationships that finally will give rise to economically vibrant ecosystems.

Ladies and Gentlemen
Kenya and the horn of Africa is currently facing severe drought which is attributed to the effects of 
global climate changes. The region has keenly followed the proceedings of the Congress and is eagerly 
waiting to receive the formal proceedings to tease out potential lessons and solutions that can assist cope 
with the effects of climate change. Such lessons will also include those on improving pastoralists’ way of 
life and on addressing environmental degradation. Specifically, based on those lessons, national policies 
and strategies will be revised to sustainably develop and utilize grasslands and rangelands in order to 
contribute to our national economies. 

CLOSING REMARKS BY MR. HARRY KIMTAI,
PRINCIPAL SSECRETARY (PS), STATE DEPARTMENT FOR LIVESTOCK (SDL),
MINISTRY OF AGRICULTURE, LIVESTOCK, FISHERIES AND COOPERATIVES 

(MoALFC),
NAIROBI, KENYA

CLOSING REMARKS
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The Kenyan Government is more than ready to support our researchers to continually promote the 
interchange of scientific and technical information, create awareness on all aspects of grasslands and 
rangeland in Kenya, working together with other countries. I want to believe that this scientific research 
will not only be an exchange of information between the researchers alone, but will improve sustainable 
utilization of the rangelands and grasslands for improved livelihood and welfare of the wildlife not only 
in Kenya but also contribute to improvement all over the world. We therefore need to create a lot of 
awareness along those lines.

Ladies and Gentlemen
As we draw the curtain on this year’s Congress, may I offer my gratitude first to the office of the Cabinet 
Secretary, Ministry of Agriculture, Livestock, Fisheries and Cooperatives under Hon. Peter Munya for 
its support towards the successful organization of the Congress. Secondly may I thank my colleague 
Prof. Hamadi Boga, PS State Department of Crops and Agricultural Research; Director General, Kenya 
Agricultural and Livestock Research Organization, Dr. Eliud Kireger, the President of the International 
Rangeland Continuing Committee, Prof. Dana Kelly and Chairman of International Grasslands Congress 
Continuing Committee, Prof. Ray Smith. 

I also wish to thank the entire membership of National Organizing Committee and the NOC Secretariat 
for working tirelessly to make this congress a resounding success under very challenging conditions of 
the global COVID 19 pandemic. l thank all those who submitted oral papers, posters, virtual exhibitions 
and all those who participated in plenary sessions. 

Finally, I thank all the sponsors who supported this Congress. I am encouraged that as we bring this 
congress to a close that there is great hope for “Sustainable Use of Grassland and Rangeland Resources 
for Improved Livelihoods’, which was the theme of the Joint Congress. I now wish to declare this 
Congress officially closed. 

ASANTE SANA!!!
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International Grassland Congress (IGC)
Grasslands cover a very large portion of the earth’s surface and are important as a feed source for 
livestock, as a habitat for wildlife, environmental protection, carbon sink and for in situ conservation 
of plant genetic resources. In developed and developing countries, many millions of livestock farmers, 
ranchers and pastoralists depend on grasslands and conserved products such as hay and silage and on a 
range of fodder crops for their livelihoods. Grasslands also contribute significantly to cropping systems, 
with a large part of crop yields being dependent upon the benefits of the pastures and herbaceous 
legumes. The International Grassland Congress is held in every 3-5 years and promotes interchange 
of information on all aspects of natural and cultivated grasslands and forage crops for the benefit of 
mankind, including sustained development, food production and the maintenance of biodiversity. It is 
the major international forum for scientists involved in grassland and livestock R&D and for people 
managing one of the world’s largest natural resources. The International Grassland Congresses have 
spanned the globe in its close to 100 years’ history and have been held on every continent with the last 
five in Brazil, Ireland, China, Australia, and India, this one in Kenya and the upcoming in the United 
States in 2023.

International Rangeland Congress (IRC)
Rangelands, primarily covered by natural vegetation, provide grazing and forage for livestock and 
wildlife. Rangeland and grassland ecosystems provide benefits vital to agriculture and the environment 
including: grazing and forage for livestock and wildlife; watersheds for rural and urban uses; habitat for 
plants, insects, and animals; water for sustainable landscapes; areas for recreation activities; and potential 
renewable energy and mineral resources. The International Rangeland Congress (IRC) is held every 3-5 
years and its aim of the IRC is to promote the interchange of scientific and technical information on all 
aspects of rangelands: research, management, extension, education, training planning, and development. 
The last five congresses have been held in Australia, South Africa, China, Argentina, Canada, this one in 
Kenya and the upcoming in Australia in 2025.

The aim of the Joint XXIV International Grasslands and XI International Rangelands Congress was 
to promote the interchange of scientific and technical information on all aspects of grasslands and 
rangelands.  This Joint IGC-IRC Congress was hosted by Kenya, 25th – 29th October, 2021
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