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Throughout the Eastern Africa region, agriculture has been identified as one of the key sectors that has 
significant bearing on economic growth. This calls for greater focus on improving agricultural productivity 
and increasing the effectiveness of technology generation and dissemination. It is for these reasons that the 
Eastern Africa Agricultural Productivity Project (EAAPP) was formulated. The project has its origins from 
the New Partnership for Africa Development (NEPAD) which estimates that Africa must register a sustainable 
overall economic growth rates in excess of 6% per year over 12 years in order to achieve the Millennium 
Development Goal (MDG) of reducing poverty and hunger by 50% by 2015. 

The EAAPP identified sub-sectors (commodities) with the greatest potential to drive growth and reduce 
poverty through working with commodities that have large production base and growing demand in the region.  
The identified commodities are dairy, wheat, cassava and rice. The Project is designed to invest in regional 
approaches to agricultural development through supporting the strengthening and scaling-up of agricultural 
research in Eastern Africa. Therefore, a decision was made to identify and setup specialized Regional Centres of 
Excellence (RCoEs) to spearhead enhanced regional specialization in technology development, and improved 
sharing of knowledge, information and technologies among the participating countries. 

Kenya was identified as the appropriate host for the Regional Dairy Centre of Excellence (RDCoE) due to its 
relative comparative advantage in the dairy industry in the region. The other centres of excellence have been 
established in Tanzania for rice, Ethiopia for wheat, and Uganda for cassava. The RDCoE is designed to act 
as a platform for improving dairy production and increasing the effectiveness of technology generation and 
dissemination to a wide range of clients and end users within the Eastern Africa region. Its headquarters is at 
KARI Naivasha. The design of the project is such that each centre of excellence has resources to participate in 
the activities covering the four commodities.

Kenya is expected to work with countries in the region to develop a vibrant dairy sector based on smallholder 
model. Implementation of the Project also complements the Government of Kenya efforts of making the 
agriculture sector an engine of economic growth as envisioned in Vision 2030. Therefore, the project 
development objectives and implementation framework have been synchronized with Kenya’s Agricultural 
Sector Development Strategies (ASDS). Regionally, the approach of establishing centers of excellence 
optimizes use of resources through elimination of duplication of research and also allowing spillovers from 
participating countries and partners in their areas of excellence to benefit farmers across the region.

It is gratifying that implementation of all the project components and activities are progressing on well and 
that there is good teamwork among all the implementing agencies at all levels. The product value chain 
concept already embraced by KARI is being adopted and implemented by all the Project agencies for all 
the commodities (dairy, wheat, cassava and rice). There is active involvement with key partners including 
International Rice Research Institute (IRRI), Africa Rice, International Centre for Improvement of Maize and 
Wheat (CIMMYT) and the International Livestock Research Institute (ILRI) in the areas of germplasm testing, 
specialized training and other relevant services. The project is also focusing on inclusion of both gender and 
youth in various aspects of research and development. There is also strategic thinking of the EAAPP teams in 

Foreword
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scaling-out and up of technologies using cluster approach, which allows concentrating efforts in target areas, 
for purposes of assess project impact. Although the project still has slightly less than two years to the end of 
phase 1, the mini-conference and exhibition accords us the opportunity to take stock of achievements so far 
and lessons learnt. Furthermore the opportunity to interact with stakeholders gives us direction on how to steer 
the project towards achieving its intended objective.

So far the project has embarked in earnest towards development of infrastructure for the RDCoE. Office/
laboratory complex has been renovated and most of the equipment is installed, which is being used to generate 
technologies. A total of 13 PhD and 21 MSC students are registered in various Universities for capacity 
building for the RDCoE. A number of technologies, information and management practices (TIMPs) have 
been generated already and some shared within the Eastern Africa region. Notable among these are Napier 
grass tolerant to smut and stunt diseases, Dairy rations, feed conservation techniques, wheat varieties resistant 
to stem rust, upland rice variety, seed system, labour saving technologies in rice and wheat production, and 
many more.  This mini conference and exhibition has covered all the TIMPs that the project has generated, and 
experiences the farmers have had applying them on their farms.  It is my wish that as the projects progresses 
interactions captured in these proceedings shall be used to strengthen activities towards fulfilling the project 
objectives and meeting the triggers for phase two. I believe that at the end of phase 1 another meeting such as 
this shall be organized to discuss the achievements of phase 1, as strategies are developed for phase 2. These 
should also be captured in a proceeding such as this. 

E.A. Mukisira, PhD, MBS
Director KARI
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The dairy sub-sector in Kenya is projected as the most developed in sub-Sahara Africa. It is dominated by 
subsistence farmers. Despite the plausible performance, Kenya’s dairy industry has several challenges, of 
which inadequate feed, prevalence of diseases (especially tick-borne), availability of quality replacement 
stock, low adoption of technologies, high cost of farm inputs (including fodder and pasture seeds) and low 
milk value addition among dairy producers, are the most critical.

In setting the research agenda, KARI made use of the templates that were developed regionally by EAAPP 
member countries, under coordination by Association for Strengthening Agricultural Research in Eastern and 
Central Africa (ASARECA) for concept notes and full proposals. Calls were made for concepts and proposals 
from which several dairy projects were approved after a rigorous vetting process. Many projects  are now at 
the implementation stage addressing identified thematic areas which include fortified feeds, farming systems, 
crop residues and agro-industrial by-products, fodder and pasture, food and feed safety, socio-economic, 
dairy health management, dairy germplasm development and value addition. Regional exchange visits have 
taken place among the participating countries and that the lessons learnt are now being implemented in each 
participating country. Dairy baseline data has been generated in the region and implementation is ongoing 
using common tools, making the expected results regional. 

During the Mid-term review mission by the World Bank, it was agreed that the progress of the on-going work 
be reviewed in a “mini-conference and open day” platform. The objective of this was to provide a platform 
for scientists and extensionists to present project status, document progress, share the existing information, 
breakthroughs, achievements, enhance partnerships, and strengthen linkages among EAAPP implementing 
agencies, private sector players, regional partners and other stakeholders. Therefore invitations and calls for 
scientific papers were extended to Principal investigators (PI) across EAAPP implementing countries and 
agencies with emphasis being on dairy related activities. The call required the authors to prepare scientific 
papers, posters and technology displays. The submissions were pre-screened and peer reviewed and final 
copies of and accepted papers form these proceedings. In the review process, it was noted that the papers were 
highly varied in terms of their completeness and quality. This was understandable given the short period of 
the project hence in-depth analysis (statistical, literature review, robust conclusions and recommendations) 
were not tenable. However, what is covered gave good pointer on the status of the work. It is gratifying that 
discussions that ensued greatly helped the Principal investigators to shape the direction, content and context 
of the continuing work.

T.A. Onyango, PhD
Coordinator RDCoE
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The Eastern Africa Agricultural Productivity Program (EAAPP) Project Coordinating Unit (PCU), Kenya 
Agricultural Research Institute (KARI) and the Regional Dairy Centre of Excellence (RDCoE) and 
implementing stakeholders organised the 1st EAAPP Mini-scientific Conference, Techno Fair of innovations 
and stakeholders’ Open day. This gave an opportunity to Researchers and EAAPP implementing agencies, 
private and public partners to present their recent findings in the EAAPP-supported research, training, 
dissemination, agri-business and germplasm multiplication activities as implemented under components 2.1, 
2.2 and 3 of the EAAPP project. The event also provided an opportunity for scientists and extension service 
providers to interact with stakeholders including private sector players and to develop networks for technology 
dissemination and commercialization. The Open day took place on 12 November 2013 at RDCoE Naivasha 
and the Mini-conference at the Morendat Training Centre between 13 and 15 November 2013. The theme 
of the Mini-conference was Towards enhanced regional specialization in agricultural research and sharing 
of identified agricultural technologies and innovations that increase agricultural productivity and economic 
growth. The sub-themes addressed specific focused disciplines of scientific research relevant to the theme.  
Authors made presentations conforming to the theme and development objectives of EAAPP Project which 
included sharing breakthroughs and achievements in agricultural research among the implementing EAAPP 
scientists and regional partners; innovative approaches and strategies for technology transfer for improving 
agricultural information, products and services; to enhance regional partnerships and strengthen both national 
and regional linkages among EAAPP implementing agencies and private sector players/stakeholders for 
enhanced commercialization of technologies and innovations. During the open day, 579 recorded stakeholders, 
farmers and exhibitors participated. The areas of technology/innovations display included 5 thematic areas. 
In attendance were a total of 170 scientists and stakeholders from Kenya and 30 regional participants. During 
the Open day, there were 579 participants who included farmers and private sector players with displays in 5 
thematic areas. There were 65 scientific papers from Kenya and 12 from the three regional countries.

About the exhibition of innovations and the Mini-scientific conference
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On farm trial on the ways of improving wheat straw based diets with urea and yeast 
culture for dairy cows feeding

B.O. Kashongwe1, P.A. Ooro2, P.K. Migwi1, B.O. Bebe1, T.A. Onyango3, J.O. Osoo2,
H. Rotich2, J. Smollo4, and J. Kamau5

1Egerton University, Faculty of Agriculture, P.O. Box 536, Njoro
2Kenya Agriculture Research Institute (KARI), Private bag-20107. Njoro

3KARI, P.O. Box 25-20117 Naivasha
4District Animal Production Officer (DAPO), Njoro District

5DAPO, Rongai District

Abstract
Following on station trials on digestibility, intake and milk yield, an experiment was designed under farmers’ 
conditions to determine the effect of adding yeast culture (YC) to urea-treated and urea-supplemented wheat straw 
diets on dairy cows performance. Wheat straw diets with 200-400g urea, 2 kg molasses and 11 kg shredded wheat 
straw were formulated to upgrade non-protein nitrogen levels and fibre degradation.  Yeast cultures were included at 
15 g/ day in a mixture with commercial dairy meal to improve on fibre degradation and milk yield. Ten lactating cows 
in a double 3x3 Latin square design with three diets: farmers’ practice (FP), addition of urea to straw at the time of 
feeding: urea supplemented wheat straw (USWS) and 14 days incubation of straw with urea: urea treated wheat straw 
(UTWS). Dry matter intake was significantly higher for UTWS (11.09 kg) compared to USWS (10.07 kg) (P<0.05). 
Milk yield was significantly (P<0.05) higher for farmers’ practice (6.92 kg) compared to USWS (4.86 kg) and UTWS 
(5.36 kg). The study concluded that UTWS with its higher intake and fair milk yield could be adequate for farmers’ 
use especially during dry season. 

Introduction
Crop residues constitute an important feed resource 
for ruminants but remain underutilised and not 
commercialized for a number of constraints: they are 
bulky to store; expensive to transport over long distances; 
and they have low nutritive value (Staniforth, 1979). A 
limited number of smallholder farmers feed crop residues 
without any form of supplementation or treatment 
which impact adversely on animal performance. Urea-
ammoniation works on the crop residues by releasing 
ammonia after dissolving in water. For practical use by 
farmers, urea is considered safer than using anhydrous 
or aqueous ammonia and it provides a source of nitrogen 
which is deficient in straw (Horton and Nicholson, 1981). 

Yeast utilizes part of the free sugars in the rumen and 
aid fermentation due to rapid degradation of these 

compounds. Saccharomyces cerevisiae can secrete 
some metabolites that are useful for other ruminal 
microorganisms. Yeast cultures contain B vitamins, 
amino acids and organic acids, particularly malate, which 
stimulates growth of ruminal bacteria that digest cellulose 
(Callaway and Martin, 1997). Malate has been shown 
to be a potent growth promotor for lactate-fermenting 
bacteria in-vitro, but is not sufficient to increase the 
number of ruminal bacteria in vivo. Therefore, this study 
investigated ways to improve the nutritive value of wheat 
straw through treatment and supplementation under 
smallholder farmers’ conditions. 

Materials and methods
Diets preparation
Three diets were tested during the on-farm validation 
study and these included farmers practice (FP), urea 

Table �. Quantity used (kg), energy and nutritive value for USWS
Item   Quantity (kg)  M.E. (Mcal/kg) CP (%)  Ca (%)  P (%)
Wheat straw  69.86   �.08 (4.5 )  3.35  0.�6  0.03
Dairy meal  �3.97   0.35 (�.47 )  �.�4  0.00  0.00
Molasses  �3.97   0.40 (0.68 )  �.�9  0.0�  0.00
Yeast culture  0.�0   0.00   0.05  0.00  0.00
Urea   �.�0   0.00    5.90  0.00  0.00
Total   �00   �.83 (7.66)  ��.73  0.�8  0.04
Figures in brackets represent MJ/Kg

The 1st EAAPP Mini-conference and open day. KARI-Naivasha. 12-15 November 2013
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supplemented wheat straw (USWS) and urea treated 
wheat straw (UTWS).

The diets were prepared at the farms where the studies 
were conducted except the wheat straw which was 
shredded at KARI Njoro Centre using a stationery 
tractor mounted shredder.  The current farmers’ feeding 
practice (FP) was administered by the farmer for seven 
days but monitored by the project data clerks at each of 
the six collaborating farms. . This was because animal 

sprinkling it on the shredded 11 kg wheat straw spread on 
a polythene sheet. After ensuring thorough mixing, the 
diet was transferred into a large airtight polyethylene bag. 
The mixture was kept for a minimum of 14 days to give 
time for urea’s action on the straw (FAO, 2011; Smith, 
2001). After 14 days the bags were opened and straw was 
ready for feeding. Dairy meal was offered during milking 
time at rate of 2 kg/day/cow as supplementary feed.  The 
ingredients and their estimated chemical composition are 
given in Table 1.  

performance under farmers’ practice was to be compared 
with improved wheat straw diets.  Records on animal 
breed, feed offered, intake levels, and milk yield were 
recorded. 

Urea supplemented wheat straw (USWS) was prepared 
by shredding 11 kg of wheat straw then adding 200 
grams of urea, 200 g ruminant salt and 2 kg molasses 
was dissolved in 5 L of water. The liquid mixture was 
sprinkled and thoroughly mixed with the shredded wheat 
straw ready for feeding. Each cow was supplemented 
with 2 kg dairy meal daily.  In the morning feeding, one 
kilogramme dairy meal was mixed with 15 grams of YC 
and fed to the cow as a priority.  Thereafter, the basal diet 
of urea supplemented wheat straw was offered to the cow 
free choice. The estimated nutritive value of USWS is 
given in Table 2.

The urea treated wheat straw (UTWS) diet was prepared 
by dissolving 5g of urea (400 g) in 5 L of water then 

Experimental procedure and design
In this experiment, 14 milking cows from 7 farms (3 in 
Rongai and 4 in Njoro) smallholder farmers were used for 
47 days of study in a 3 x 3 Latin square design. All the 
cows were milked twice a day in the morning (06 00 hrs) 
and in the afternoon at 17 00 hrs. Milk yield was weighed 
and recorded every day throughout the study period. 
Analyses of variance was carried out using the MIXED 
procedure of SAS (2008). The level of significance was 
set at the probability value of P < 0.05. 

Results
Results showed that USWS gave the lowest values, not 
only for dry matter intake, but also for milk yield (Table 
3). Farmers’ practices (FP) produced higher (P<0.05) 
milk yield (6.92 kg) compared to USWS (4.86 kg) and 
UTWS (5.36 kg).  Dry matter intake for farmers’ practice 
was not. There was however no difference (P>0.05)  
between UTWS and USWS. 

Discussion
The USWS diet showed the lowest performance., which 
may have been due to a number of reasons. First the trial 
was conducted during the rainy season. This could have 
made farmers’ practice, which was mainly free grazing, 
of better quality and higher yield than crop residues. 
Secondly USWS boosted the non-protein nitrogen level 
of the wheat straw but perhaps did not provide alkali 
effect to help break down the ligno-cellulose bond of 

Table �. Estimated  energy and nutritive value for UTWS
Item   Quantity M.E. (Mcal/kg) CP (%)  Ca (%)  P (%)
Wheat straw  69.37  �.07 (4.49)  3.33  0.�6  0.03
Dairy meal  �3.87  0.35 (�.47)  �.��  0.00  0.00
Molasses  �3.87  0.40 (�.68)  �.�8  0.0�  0.00
Yeast culture  0.�0  0.00   0.05  0.00  0.00
Urea   �.77  0.00   7.8�  0.00  0.00
Total   �00.00  �.8� (7.64)  �4.59  0.�8  0.04
Figures in brackets represent MJ/kg

Table 3. Effect of UTWS and USWS basal diets 
supplemented with yeast cultures on dry matter intake 
and milk yield of dairy cows
Diets  DMI  Milk yield (kg)
FP  -  6.92a
USWS+YC 10.07b  4.86b
UTWS+YC 11.094a  5.36b
SEM  0.216  0.171
*Means followed by the same letter in superscript in 
the same column are not significantly different. SEM = 
standard error of means

KASHONGWE, OORO, MIGWI, BEBE, ONYANGO, OSOO, ROTICH, SMOLLO, AND KAMAU
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the straw before feeding to the animals. Milk yield from 
animals fed UTWS was lower than FP. This confirms the 
findings by Teshome (2009) and suggested that this diet 
should be a dry season diet to sustain the animals during 
feed scarcity rather than one for high milk yield. Results 
from this study on the higher values for UTWS compared 
to USWS are in agreement with Chenost, (1995); Cloete 
et al. (1984); and Williams et al. (1991).

Conclusion
The addition of YC to urea-treated wheat straw basal diet 
fed to dairy cows contributed to a slight increase in dry 
matter intake. But cows fed UTWS and USWS had lower 
milk yield compared to cows on free grazing.. 
Recommendations
Further studies should investigate the ways of improving 
milk yield with urea-treated wheat straw supplemented 
with YC. 
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Greenhouse gas Mitigation Potential of Biochar and Bentonite in Urea-treated Maize 
stover-based feed blocks by dairy steers

M., Syomiti1, E.,Maranga2, G.,Obwoyere2, Bauni1, I.W Kariuki1, H., Dana3, D. K., Wamae1, S., Mutua4, 
C.,Gachuiri5 and N., Ndegwa6

1 Kenya Agricultural Research Institute (KARI), 2Egerton University, 3Colorado State University, 4Ministry of 
Livestock Development, 5University of Nairobi, 6Unga Feeds Co Ltd.

Abstract
Dry matter (DM) digestibility and Crude protein of crop residues can be improved by urea-treatment. However, such 
urea-treated crop residues contains high amounts of free-ammonia which is reduced by exposure to air. Ammonia 
emissions decrease the nutrient value of feeds and manure quality. These emissions also have negative effects on the 
environment such as soil acidification, eutrophication of surface water and contribution to greenhouse gas emissions 
such as nitrous oxide and methane. Biochar and mineral clays are negatively (-ve) charged and thus have the potential 
to bind ammonia, a positively (+ve) charged gas in urea-treated crop residues. This enhances the efficiency of 
Nitrogen utilization in ruminants and reduce environmental hazards. This study was designed to evaluate the effects 
of fortifying urea-treated maize stover-based feed blocks with biochar or bentonite clay on feed value and ammonia 
stabilization Kenyan conditions. Nine dairy steers with average weight 140±19.9 kg were allocated to three basal 
diets, namely; None-fortified Urea-treated maize stover-based feed blocks (control) and fortified Urea-treated maize 
stover-based feed blocks with either biochar or bentonite clay. The experiment was a randomized block design, with 
three treatments and 3 replicates. The experiment lasted for 21 days, with 14 days adaptation period and 7d data 
collection. Parameters evaluated were: DM, Total-N, NH4-N, NDF, in sacco DM digestibility and organic carbon (C) 
in test diets and the resultant manure. Highly significant (P<0.001) differences were observed between the treatment 
and control groups in all tested parameters. In-sacco DM digestibility was (P<0.001) lower (38%) in the control 
groups than in the treatment groups (Bentonite (71%) and Biochar (54.2%). Significant (P<0.001) reductions of NDF 
were recorded in treatment groups than in the control. Total-N and NH4-N, as a measure of GHG emission potential 
were highly (P<0.001) influenced by the two feed additives. Highest Total-N were reported in the Bentonite-fortified 
blocks (42.3 g/kg DM)), followed by biochar-treated blocks (32.5 g/kg DM), and control (27.1 g/kg DM).  Bentonite- 
fortified blocks had more stable manures with (P<0.01) higher NH4-N contents (1.30 g/kg DM) than in the control 
(0.36 g/kDM). Results of this study concludes that bentonite clay and biochar can be effective feed additives for 
Ammonia volatilization control in Urea-treated crop residues and thus, can be recommended as best management 
practices for climate change mitigation strategies in the smallholder dairy production systems.  

Introduction
Inadequate feed supplies stands as the most important 
constraint facing livestock production in the smallholder 
dairy production systems in Kenya. Crop residues, 
mainly maize stover represent an important feed 
resource for livestock production in these systems. They 
provide fodder at low cost since they are by-products 
of the existing crop production activities. However, 
maize stover are fibrous and low in available essential 
nutrients such as fermentable nitrogen (N), water 
soluble carbohydrates (WSC), and minerals (P and Na) 
necessary for efficient microbial growth, leading to 
low rates of digestion in the rumen. This in turn, causes 
low voluntary feed intake, thereby causing low animal 
performance. Dry matter (DM) digestibility and crude 
protein (CP) of maize stover can be improved by urea 
treatment. However, though technology of urea treatment 

of crop residues has been available for a long time in 
Kenya, adoption rates by smallholder dairy farmers is 
low for fear of urea toxicity when accidentally, large 
amounts of urea are consumed by livestock (Methu, 
1998, cited by Syomiti, 2009). On the other hand, such 
urea-treated maize stover contains high amounts of free 
ammonia which is reduced by exposure to air. Ammonia 
emissions decrease the nutrient value of fibrous feeds 
and manure quality (Pradhan, R. 1991). These emissions 
also have negative effects on the environment such 
as soil acidification, eutrophication of surface water 
and contribution to greenhouse gas emissions such as 
nitrous oxide (N20) and methane (CH4). Biochar and 
mineral clays such as bentonite are negatively (-ve) 
charged with high ion exchange capacity that binds a 
wide range of cations (Cho et al, 2001). They have the 
potential to bind ammonia, a positively (+ve) charged 
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gas in urea-treated crop residues, thus enhance efficiency 
of Nitrogen utilization in ruminants thereby reducing 
environmental hazards (Saleh et al, 1999). Transforming 
these fibrous urea-treated by-products  into a balanced 
ration block, fortified with locally available mineral 
clays such as bentonite and/or biochar has been reported 
to increases the feed value of these feed resources, and 
also ensures better ammonia management in the rumen 
and manure thereby lowering net methane production in 
ruminants (Baldi and Savoini, 1996). Limited research 
has been undertaken regarding the control of ammonia 
volatilization in the urea-treated crop residues in Kenya. 
There is increasing need to explore greenhouse gas 
(GHG) mitigation options in agriculture, therefore 
research into the use of feed additives in livestock feeds 
and feeding will have an important implication in this era 
of global warming. This study was designed to evaluate 
the effects of fortifying urea-treated maize stover based 
feed blocks with either biochar or bentonite clay on 
greenhouse gas emissions and feed value in an on-station 
experiment.  

Materials and methods
Location and duration 
The study was conducted On-station at the Kenya 
Agricultural Research institute (KARI) Muguga South 
research station, from April to May 2013. KARI Muguga 
South is located approximately 26 Km from Nairobi, 

along Nairobi-Naivasha highway. Two feed additives 
were tested in this study viz. Bentonite clay and biochar, 
for reducing ammonia (NH3) volatilization in urea-
treated maize stover, and thereby improving their feed 
value. 

Description of the experimental feed additives
Biochar is a solid material obtained from the 
carbonization of biomass materials such as crop residues, 
forest wastes and livestock manures etc. It is a stable 
type of char made by heating organic materials, wood 
or crop residues in a low oxygen environment. Biochar 
has an ability to retain key nutrients including Nitrogen 
(N), Phosphorus (P), Potassium (K), Calcium (Ca) and 
Magnesium (Mg). 
Bentonite are micro-porous, alumino-silicate minerals 
commonly used as commercial adsorbents, binders and 
in water drilling. Both biochar and bentonite have similar 
characteristics of having high ion exchange capacity that 
binds a wide range of cations (Fenn and Leng, 1989).

 Animals Diets and experimental design 
Nine Friesian steers at 9 months of age (mean body 
weight 232kg) were divided by weight and randomly 
allotted to three treatment groups with three steers per 
group. Steers of each group were equally divided into 
three replicates, in a complete randomized block design. 
Each replicate was housed in concrete floored pen in one 
open sided building. The experimental diets were; Urea-
treated maize stover based feed block (Control), Urea 
treated maize stover based feed block fortified with 10% 
bentonite and Urea treated maize stover fortified with 5% 
Biochar. 

Feed block making procedure 
Maize stover at post-harvest stage were obtained from 
farm fields at the Kenya Agricultural Research Institute 
(KARI). Purified bentonite clay was purchased from 
Athi stores, Athi River. Biochar was made at the centre 
(KARI), with maize stover as biomass/feed stock 
materials. The Biochar Kiln was purchased from the 
African Christians Organization Network (ACON), an 
NGO in Western Kenya, Bungoma County.
Maize stover were pulverized using a small-scale feed 
pulverizer, obtained from Tinga engineering company in 
Nakuru. They were then pulverized into small particles 
and stored in gunny bags. 

Mixing and moulding
Urea (10kg) was mixed with minerals (common salt 3kg 

Figure 1: Small-scale biochar making kiln      

Figure 2: Biochar       
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and mineral premixes 2kg) in a large container, according 
to methods described by Makkar et al. (2007). A solution 
was made up using 40 litres of water. Then 20kg of 
molasses was added and the mixture stirred thoroughly 
with a wooded stick until all the urea and minerals was 
completely dissolved. The specified amount of maize 
stover (40 kg) was placed on the ground in a heap on a 
polythene paper. Then 10kg of cement was added into 
it and this mix was thoroughly mixed using shovels and 
forks. Where bentonite was the treatment, 10 kg was 
added into this mix, while 5 kg of biochar was added 
where the later was the treatment. The mix was then 
sprinkled with the mixed solution of “molasses-mineral/
salt-urea” using a water sprinkler, and carefully kneaded 
until a uniform paste of good consistency was prepared, 
and stored overnight. Small amounts of the paste were 
progressively stacked into a feed block making machine 
(figure 3), and compressed into a block (Figure 4). The 
blocks were allowed to cure in shaded area for three 
weeks prior to feeding trial.   

 Animal feeding 
Two feed blocks were offered to each animal as a basal 
diet twice a day, one in the morning at 8.30 hr and one in 
the evening at 2.30 hr. No feed supplementation was done 

during the experimental period. Animals were adapted 
to the new housing and feeding conditions for 14 days 
before faecal collection. 

Dung was collected for seven days at 8.00 hr from each 
animal. Daily faecal output was weighed and sub-sample 
for dry matter (DM) determination. A 10% sub-sample 
was bulked per animal over the collection period and 
stored at -5oC. 

Chemical and Statistical analysis    
Samples of experimental diets and resultant manure 
were analyzed for moisture content, Total-Nitrogen, 
Ammonium nitrogen (NH4-N), Neutral Detergent 
Fibre (NDF), in sacco dry matter digestibility and 
organic carbon. Moisture content in fresh feed blocks 
was analyzed according to A.O.A.C (2000). NDF was 
determined according to Goering and Van Soest (1970). 
Total Nitrogen, NH4-N and organic carbon were analyzed 
according to the methods described by Okalebo et al 
(2002). Data was subjected to analysis of variance 
(ANOVA) using GenStat version 14th edition. Significant 
differences were detected at p<0.05. When analysis of 
variance (ANOVA) declared significant difference among 
treatment means, mean comparison was carried out using 

Figures 3 & 4: Moulding process                          

       Figure 5: Experimental feed blocks Figure 6:  A dairy steer feeding on the experimental feed-block 
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least significant difference (LSD).

Results and discussion
Dry matter Digestibility and Feeding value 
The results of DM digestibility and feeding values of 
experimental diets are presented in Table 1. Results 
showed a highly significant (P<0.001) difference in DM 
digestibility among the treatment groups. The tested diets 
increased significantly digestion coefficients of DM for 
T2 (71%) and T3 (54.2%) as compared to control group 
(38.2%). These results are in accordance with those found 
by Salem and El-Shewy (2001), and Saleh et al, (1999), 
who reported that supplementing bentonite to diets 

addition of bentonite to the diets can partly equalize 
the supply of Nitrogen to the rumen microorganisms, 
specifically the cellulolytic bacteria.   
    
Total-Nitrogen and Ammonium Nitrogen (NH4-N)
Effects of bentonite and biochar on Total-N and NH4-N 
in urea-treated maize stover feed blocks are presented 
in Table 1. There were significant (P<0.05) differences 
in the amount of Total-N and NH4-N.  Highest Total-
N were reported in the Bentonite fortified blocks (42.3 
g/kg DM), followed by that in the biochar treated blocks 
(32.5 g/kg DM). The control group had the least Total-N 
contents (27.1 g/kg DM). Likewise, Significant (P<0.05) 

Table 1: Nutrient digestibility and feeding values of the experimental diets 
Attribute    T1  T2  T3  SEM  P-value
DM (%)-FB    73.4a  70.0a  71.9a  3.88  NS
DM (%)-M    46.0b  30.0c  59.0a  0.90  **
NH4-N (g/kg DM)-FB                 0.29c  3.05a  2.33b  0.01  ***
NH4-N (g/kg DM)-M                 0.36c  1.30a  0.97b  0.18  *
Total-N (g/kg DM)-FB                27.2c  45.7a  32.4b  0.32  ***
Organic C (g/kg DM)-FB                 41.2a  19.6c  29.4b  1.75  ***
Organic C (g/kg DM)-M                 36.4a  19.00b  15.80c  0.64  ***
NDF (%)-FB    69.6a  40.0c  49.0b  0.80  ***
In sacco Dry matter digestibility (%)  38.4c  71.0a  54.2b  0.76  ***
***P<0.001, **P<0.01, *P<0.05
Abbreviations: DM= Dry matter, FB= Feed block, M= Manure, NDF= Neutral detergent fibre 
abc Means within a row of treatments with a different superscript letter differ (P<0.005)

significantly (P<0.05) improved nutrients digestibility 
and nutritive value. The effects of biochar addition in this 
study agrees with the findings by Leng et al (2012) who 
reported that there was no effect of added biochar on gas 
production, but the percentage of DM solubilized was 
increased. Neutral Detergent Fibre (NDF) content were 
highly significantly (P<0.001) reduced in the test diets as 
compared to control. The increase in nutrient digestibility 
may be attributed to the increase in retention time and 
a decrease in ruminal turnover rate (El Saadany et al., 
2003). Reduction in NDF in the fresh feed blocks of the 
treatment groups may be due to trapping of NH3 gas, 
which in turn breaks down the lignin bonds in structural 
components in the urea-treated maize stover feed blocks. 
Significantly (P<0.05) higher amounts of Organic carbon 
in manure were recorded in the control group (36.4%) as 
compared to the treatment groups (19.4 and 15.8%) for 
bentonite and biochar respectively. The high percentage 
of organic carbon in manure of the control group could 
be due to poor hydrolysis of the structural components 
in the rumen, caused by low availability of Nitrogen due 
loss to the environment. According to Kang et al, (2002), 

differences were also recorded in the NH4-N content 
in the resultant manures of the treatment groups (T2 
and T3) as compared to the control (T1), in the order of 
1.30, 0.97 and 0.36 g/kg DM for bentonite, biochar and 
non-fortified urea-treated maize stover respectively. The 
increased Total-N and NH4-N in the treatment groups 
could be due to the adsorption properties of bentonite 
and biochar (Lee and Kwak 2010). The two additives are 
negatively charged and can stabilize NH3 volatilization 
in the urea treated blocks. Bentonite-fortified blocks 
had more stable manures with (P<0.01) higher NH4-N 
contents (1.30 g/kg DM) than in the control (0.36 g/kg 
DM). This is an implication of reduced ammonia escape 
to the atmosphere.   

Conclusions and recommendations 
Bentonite fortification of urea-treated maize stover 
emerged the best with regards to greenhouse gas 
mitigation and improvement of feed value of fibrous 
crop residues in terms of organic matter digestibility and 
reduction of structural components viz. Neutral Detergent 
Fibre (NDF). Biochar fortification was second, followed 
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by the control treatment viz. non-fortified urea-treated 
maize stover. Therefore, fortification of urea-treated crop 
residue-based diets of ruminants with 10% bentonite 
and/or 5% biochar can stabilize the Ammonia gas from 
escaping to the air, and thus reduce environmental 
pollution and improve the feed value of these feed 
resources. 
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Abstract
Two experiments were conducted at Tatton teaching farm in Egerton University in 2012 to determine the effect of 
adding yeast culture (YC) to urea-treated and urea-supplemented wheat straw diets on rumen fermentation, dry matter 
intake, milk yield and quality. Wheat straw diets with 3.6% urea and 5.8% molasses were formulated to upgrade 
non-protein nitrogen levels and enhance fibre degradation.  Yeast cultures were included at 0 and 10g/cow/day mixed 
with commercial dairy meal to improve on fibre degradation and milk yield. These experiments included: an in sacco 
DMD trial with three steers to determine effects on intake and rumen degradation parameters. Secondly, a feeding trial 
with 18 lactating cows in a 3 x 2 factorial arrangement with two levels of yeast culture (0 and 10g/cow/day) and three 
types of urea interventions: No intervention (WS); addition of urea to straw at the time of feeding (USWS) and 7 days 
incubation of straw with urea (UTWS).  Addition of yeast culture to WS increased (P<0.05) pH but had no effect on 
NH3-N. Yeast culture increased NH3-N of UTWS (P<0.05). On the other hand, addition of YC to USWS lowered pH 
to below 6 at 6 hours. Both urea interventions and YC treatments had no effect (P>0.05) on dry matter intake, milk 
yield and milk composition but they increased (P<0.05) propionate yield. It was concluded that Addition of YC to WS 
could be more beneficial than UTWS or USWS in improving rumen environment of animals fed low quality roughage 

Introduction
Crop residues such as wheat straw represent a large feed 
resource base for ruminants but remain underutilised and 
have not been commercialized for a number of reasons. 
One of the greatest hindrances to commercialization is 
the bulkiness to store and expensive to transport over 
long distances. They have low nutritive value, attributable 
to high degree of lignification and high cell-wall content 
(Staniforth, 1979). The chemical composition and 
digestibility show great variation depending on crop 
varietal differences (Reed et al., 1986) and agronomic 
practices (Staniforth, 1979). 

In practice, however, most smallholder farmers feed 
crop residues without any form of supplementation or 
treatment, consequently impacting adversely on animal 
performance. In the case of urea-ammoniation, urea 
releases ammonia after dissolving in water. For practical 
use by farmers, urea is considered safer than using 
anhydrous or aqueous ammonia as it provides a source of 
nitrogen that is deficient in straw (Horton and Nicholson, 
1981). 

Numerous investigations involving the use of urea on 
wheat straw have been reported in literature, not only 
in vitro (Sirohi and Rai, 1999; Park et al., 1995) and in 
situ (Currier et al., 2004), but also in field trials (Horton 
and Nicholson, 1981). Pradhan et al. (1997) showed 
that addition of calcium hydroxide (Ca(OH)2) to urea 
improved the in vitro dry matter degradability (IVDMD). 

Yeast (Saccharomyces cerevisiae) can utilize some of 
the free sugars in the rumen and limit fermentation shift 
due to rapid degradation of these compounds. Yeast can 
secrete some metabolites that are useful for other ruminal 
microorganisms. Yeast cultures contain B vitamins, 
amino acids and organic acids, particularly malate, 
which stimulates growth of other ruminal bacteria that 
digest cellulose (Callaway and Martin, 1997). Malate 
has been shown to be a potent growth promoter for 
lactate-fermenting bacteria in-vitro, but is not sufficient 
to increase the number of ruminal bacteria in vivo. 
Therefore, this study investigated ways to improve the 
nutritive value of wheat straw before feeding, which was 
in form of treatment and/or supplementation. 
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Materials and methods
Diets preparation
Urea treated wheat straw (UTWS) was prepared in 
batches of 50 kg of straws each. For every batch, wheat 
straw (WS) was weighed and milled through a 20-
40 mm screen (Williams et al., 1991). A solution of 
fertilizer grade urea (3.6%) was dissolved in 25L of 
water and then uniformly sprinkled with a watering can 
on the shredded straw. The mixture was then sealed in 
an airtight polyethylene bag (measuring 200 x 100cm) 
to avoid NH3-N escaping before the ammoniation 
process was complete. This was incubated for 7 days at 
room temperature using the method of Chenost, 1995 
and Smith, 2001 and stored until required for feeding. 
After incubation, UTWS was aerated prior to feeding to 
facilitate escape of free ammonia (Teshome, 2009). At the 
time of feeding, UTWS was mixed with 5.8% molasses. 
Dairy meal was fed to all animals at 20 % of wheat straw. 
It constituted 25.9% of the total ration on dry matter basis 
(Table 1) and was fed to animals at the time of milking

minerals. The basal diet of wheat straw was also offered 
to animals ad libitum.

Experimental procedure and design
Three fistulated steers housed in individual pens were 
used for intake measurement, in sacco degradability, 
and rumen fermentation. Care of the animals was taken 
in order to meet the welfare standards related to the use 
of animals for experimental purpose. The animals were 
dewormed to control internal parasites and also sprayed 
to control external parasites. Water and mineral licks 
were provided ad libitum. A sample of wheat straw was 
oven dried at 60oC for 48 hr, and milled to pass through 
a 20 mm screen. Two grams sample was put in nylon 
bags, (measuring 50x150 mm, with pore size of 50 µm). 
The nylon bags containing the substrate, in duplicate, 
were incubated in the rumen of steers receiving each 
treatment diet for a period of 6, 12, 24, 48, 72 and 96 
hr. The bags were added in sequence and at the end of 
the incubation period (96 hr) all the bags were removed 

Table 1. Chemical composition of diets
Ingredients (%)     Dietary composition (%)
   WS WS+YC USWS  USWS+YC UTWS  UTWS+YC
Wheat straw   64.7 64.7  64.7  64.7  64.7  64.7
Dairy meal  25.9 25.9  25.9  25.9  25.9  25.9
Molasses   5.8 5.8  5.8  5.8  5.8  5.8
Urea    - -  3.6  3.6  3.6  3.6
Yeast culture  - 0.1  -  0.1  -  0.1
Chemical composition
DM* (%)  93.5 93.5  93.5  93.5  93.5  93.5
CP (%)   8 8  15.5  15.5  16.3  16.3
CF* (%)  40.22 40.22  34.62  34.62  34.43  34.43
ME (MJ/kg)   7.16 7.16  7.34  7.34  7.34  7.34
*Values for DM and CF are only those of wheat straw because it constitute the bulk of the diet

Supplementation of wheat straw with urea (USWS) was 
achieved by weighing, milling wheat straw. A solution 
of fertilizer grade urea (3.6%) and molasses (5.6%) was 
dissolved in 25L of water and then uniformly sprinkled 
with a watering can on the shredded straw. This diet was 
fed the same day of preparation. Dairy meal was fed 
during milking. 

Ten grams of yeast culture (Williams et al., 1991) was 
mixed with the amount of dairy meal and added to the 
ration and offered daily to the animals preferentially. 
Thereafter, UTWS and USWS were fed to the animals. 
Molasses was added to all diets before feeding. All 
animals had ad libitum access to fresh water and 

and rinsed in cold water until no more brown color was 
visible. The bags were then oven dried for 48 hr at 60oC 
to constant weight and weighed to determine weight 
loss. The zero hour degradability was determined by 
soaking the bags containing the sample in warm water 
(38oC) for 60 minutes and then squeezed gently until no 
more brown color was visible before being dried. The in 
Sacco degradability was calculated using the exponential 
model of Ørskov and McDonald (1979). The experiment 
adopted a 3 x 2 Factorial arrangement corresponding to 3 
main levels of urea intervention (WS, USWS and UTWS) 
with or without addition of yeast culture (0, 10g/day) 
making six experimental diets. The GLM procedure of 
SAS (2008) was used for analysis of variance of data 
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from the degradability trial. The level of significance 
was set at a probability value of P<0.05 and the means 
separation done using Tukey’s test. 

In the second experiment, 18 milking cows were fed 
on similar treatments to the steers for 21 days (14 days 
of adaptation and 10 days of data collection) in a 3 x 2 
factorial arrangement. All the cows were milked twice a 
day in the morning at 06 00 hrs and in the afternoon at 
17 00 hrs. Milk yield was weighed and recorded every 
day throughout the study period. Every day, during the 
collection period, 20 ml of morning and afternoon milk 
samples from each cow was collected and kept for later 
analysis of milk fat, protein, solids not fat (SNF) and 
total solid (TS) as per the recommendation of Teshome 
(2009). Data from feeding trial was evaluated by MIXED 
procedure of SAS (2008) in analysis of variance. The 
level of significance was set at a probability value of 
P<0.05. The means separation was done using Tukey’s 
test with “pdmix800 SAS” macro of SAS (2008). 

Results and discussions
Effects on rumen fermentation parameters
The results of the in sacco dry matter degradability of 
wheat straw supplemented or treated with urea and with 
or without yeast culture are presented in Table 2. Urea 
intervention, yeast culture level and interaction between 
urea and yeast were found to significantly affect (P<0.05) 
potential degradability. Effective degradability was 
significantly (P<0.05) decreased with urea treatment 
(UTWS) but was not affected by the levels YC. The rate 

of degradation was significantly influenced (P<0.05) 
by urea supplementation (USWS) and urea treatment 
of straw (UTWS). The Lag time and soluble fraction 
(intercept) were also significantly (P<0.05) affected 
by urea intervention but not by the addition of yeast 
culture. The interaction between urea intervention and 
yeast culture levels significantly (P<0.05) affected the 
degradable fraction.

The low degradability values of UTWS may have been 
due to low hydrolysis rate of urea to ammonia leading 
to low degradability improvement of the feed material 
(Jabbar et al., 2009). Hence increasing the incubation 
time and the quantity of water might produce better 
results (Smith, 2001).   

However, criticized for its complexity and low 
improvement in production when results are positive, 
these increments in water and incubation time might not 
contribute to faster farmers’ adoption of urea treatment 
(FAO, 2011).

The addition of yeast cultures to untreated wheat straw 
increased (P<0.05) pH in the rumen from 6.42±0.12 to 
6.83±0.12. The YC also increased the pH when UTWS 
was fed, but the difference was insignificant (P>0.05). 
This can be attributed to the effect of yeast cultures as 
a booster for rumen fermentation, in the case of WS 
and the alkali effect due to treatment with urea. These 
results are in agreement with the findings of Hristov et 
al. (2010) and Williams et al. (1991) on the effect of YC. 

Table 2. In Sacco dry matter degradability of wheat straw supplemented or treated with urea and with or without yeast culture 
supplementation
Dietary      Soluble  Degradable   Potential         Effective       Rate of       Lag
treatments   fraction (a)     fraction (b)  degradability (a+b)    degradability     degradation    time (h)
Urea intervention     0   10  0 10      0  10       0    10     0    10        0 10
WS (control)    30.35a   29.6a  45.0 70.1      75.4a  100a      43.7ab  41.5ab     0.023b   0.002b 2.1c 0.9c
USWS     25.9ab   18.2ab  41.9 46.4      67.8b  64.5b      44.3a    44.1a     0.037a   0.057a  4.5b 5.2b
UTWS     11.05b   20.2b  49.9  39.5      60.9b  59.7b      42.5b    39.5b     0.067a   0.042a  6.6a 6.9a 
Significance
Urea intervention   0.047   *  0.086 NS    0.0004   *      0.067    NS     0.123    NS  0.0004  *
YC level    0.954   NS  0.206 NS    0.0475   *      0.089    NS     0.315    NS  0.9071  NS
Urea x YC   0.235   NS  0.049 *    0.0097   *      0.440    NS     0.118    NS  0.1942  NS
SEM    4.401   -  5.522 -    3.302   -      1.08    -     0.010    -  0.372  -
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Table 3. Effect of yeast cultures on urea treated and supplemented wheat straw on rumen pH and NH3-N
Treatments  WS  USWS  UTWS  WS+YC USWS+YC UTWS+YC
Time post feeding
0   6.61  6.32  6.54  6.73  5.83  6.53
2   6.44  6.48  6.51  7.31  6.23  6.56
4   6.32  6.29  6.62  6.8  6.49  6.89
6   6.31  6.36  6.63  6.47  5.55  6.86
Mean   6.42a  6.36b  6.58a  6.83a  6.03b  6.71a
SEM   0.12  0.12  0.12  0.12  0.12  0.12
Rumen NH3-N (mmol/L)
0   8.1  8.3  7.85  7.5  8.1  8.3
2   8.0  7.7  7.4  7.15  7.75  7.75
4   8.3  7.9  7.4  7.25  7.85  7.75
6   8.1  7.8  7.15  7.45  7.6  8.1
Mean   8.13  7.34  7.93  7.83  7.45  8.0
SEM   0.08  0.08  0.08  0.08  0.08  0.08
Means followed by the same letter in superscript are not significantly different. Means underlined in the same row are 
significantly different

Table 4. Effect of adding yeast cultures to urea-treated and supplemented wheat straw basal diets on milk yield and 
composition
Dietary treatments DMI  Milk yield (kg)  Fat (%)  Solid not fat (%) Protein (%)
YC   0 10  0 10  0 10  0 10  0 10
WS   12.42 13.18  2.76 2.79  4.97 4.31  7.73 7.61  2.81 2.77
USWS   11.26 11.10  2.30 2.54  4.89 4.00  7.66 7.14  2.79 2.6
UTWS   12.42 11.11  2.74 2.89  4.60 5.11  7.64 7.72  2.78 2.8
Urea intervention 0.3 NS  0.59 NS  0.64 NS  0.08 NS  0.09 NS
YC level  0.79 NS  0.69 NS  0.33 NS  0.12 NS  0.08 NS
Interaction  0.63 NS  0.96 NS  0.27 NS  0.1 NS  0.08 NS
SEM   0.99 1.22  0.40 0.49  0.40 0.49  0.12 0.14  0.43 0.53
*Dry matter intake expressed in terms of metabolic body weight (KgLWT0.75). NS = not significant. SEM = standard 
error of means

On the other hand, USWS did not respond significantly 
(P>0.05) to the addition of YC and instead showed a 
slight decrease in pH. The concentration of NH3-N in the 
rumen fluid, increased when YC was added to UTWS 
(7.93 mmol/L) compared to USWS (7.34 mmol/L) (Table 
3). The addition of YC resulted in a significant reduction 
(P<0.05) in total VFA production in the rumen (Table 

4). Urea treatment and YC levels had significant effect 
(P<0.05) on acetate levels with the highest production 
obtained for UTWS and lowest for WS. Yeast culture 
was also found to have no effect on individual VFAs 
production with YC addition for USWS and UTWS 
confirms findings of other researchers who suggested 
that high forage diets (low quality) yield high levels of 

Table 5. Effect of yeast culture addition to WS, USWS and UTWS on Total and individual Volatile Fatty Acid 
production in the rumen
Acetate   Propionate   Butyrate Other VFAs  Total
0   10 0 10  0 10  0 10  0 10
WS   69.51 69.71 18.23  16.88 8.14  7.5 3.62  99.49 97.41
USWS   69.24 68.56 18.42  19.16 8.19  8.51 3.64  99.48 99.87
UTWS   70.06 68.34 17.14  18.24 8.28  8.81 3.68  99.17 99.3
Urea intervention 0.0012 * 0.0001  * 0.0001  * 0.0001  0.0001 *
YC level  0.0001 * 0.0098  * 0.0129  NS 0.5653  0.0013 *
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acetate and lower propionate levels in the rumen even if 
YC tend to reduce acetate and  increase propionate levels 
(Ishler et al., 1996; Sutton et al., 2003)

Dry matter intake, milk yield and composition
Results presented on Table 5 showed that addition of YC 
only marginally increased milk yield for untreated and 
urea treated wheat straw. However, a minor decrease in 
milk yield was noticed when urea supplemented wheat 
straw (USWS) was fed with and without YC, compared 
to the control (WS) and the urea treated wheat straw 
(UTWS). Yeast culture followed the same trend but did 
not show significant influence on milk yield. Milk fat 
content was not significantly affected (P>0.05) by either 
the urea treatment or addition of YC. There was a slight 
increase in solid not fat (SNF) when YC was added to 
wheat straw treated with urea (UTWS) compared to urea 
supplemented wheat straw   (USWS). 

Finally, the low performance of the experimental animals 
may be attributed to the dietary composition as it was 
very low in rapidly fermentable carbohydrates (low level 
of dairy meal and molasses in all diets) (Williams et 
al., 1991).  The low intake of UTWS may be explained 
by its low degradability values (59.7% of potential 
degradability). The low milk yield for all treatments 
was caused by the low quality of the diet and suggests 
that it should be used for maintenance, rather than for 
production in the dry season. These results differ from 
most other studies (Williams et al., 1991; Moallem et 
al., 2009; Erasmus et al., 1992 where inclusion of YC 
showed a positive effect on performance. The quality of 
the diet, especially the low net energy 

Conclusions
Results from this study suggest that addition of yeast 
culture can be more beneficial than alkali treatment in 
improving rumen environment for low quality roughage 
diets. 

Recommendations
Further studies should be done to improve on the effect 
of YC in the rumen and to standardize urea treatment 
method for better uptake by farmers
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Abstract
Western Kenya is a densely populated and intensively cultivated mid to low altitude area. The crops and livestock are 
closely interdependent: Livestock contribute to the cropping systems in form of draught power, manure and source 
of cash for purchase of crop production inputs, while the cropping systems provide livestock feeds especially during 
the dry season. The study estimated the crop residues availability and their utilization in dairy cattle feeding in the 
region. A desktop study provided estimates of crop production and the quantity of dry matter output from major crop 
residues were estimated by conversion of grain yields to fibrous residues using multipliers. A survey was conducted 
to document the utilization practices in dairy cattle feeding in the region. From the estimated quantity of feed from 
crop residues in 2011 maize stover and sugarcane tops were the most important followed by cassava leaves and 
bean straw. The major crop residues were used as follows: maize stalk for stubble grazing (7%), stall feeding (24%), 
mulch for water and soil conservation and residue for soil fertility (32%) , households fuel (37%); bean husks were 
used for mulching, composting, burnt for ash while the sugar cane tops were used field mulch, residue and stubble 
feeding (45%) and stall feeding (43%). Majority of farmers stored crop residues as either heaps or uncovered stacks. 
Most of them were aware of various practices like chopping for improving the residue but they were not using them.  
Chemical treatment was not well-known. The constraints to use of residues included, bulkiness, hardness to chop, 
poor palatability, lack of capital to invest in proper strategies, poor knowledge on use and pests (termites). The areas 
of concern to improve of crop residues in feeding dairy cattle included storage/ conservation, nutrient content of crop 
residues and crop varieties with improved crop residue quality.

Introduction
Western Kenya is a densely populated and intensively 
cultivated mid to low altitude. The crops and livestock are 
closely interdependent because livestock contribute to the 
cropping systems in form of draught power, manure and 
a source of cash for purchase of crop production inputs, 
while the cropping systems provide livestock feeds 
especially during the dry season. As more land is put 
under crop production, livestock feed becomes scarce and 
crop residues particularly cereal straws remain the major 
feed source for the animals particularly during the dry 
period from November to May. Some estimates indicate 
that crop residues provide 40-50% of the annual livestock 
feed requirement. The current study estimated the crop 
residues availability and their utilization in dairy cattle 
feeding in the region.

Materials and methods
Study area and sampling
The study was conducted in Mumias and Matete Districts 
of Kakamega County in Kenya.
A stratified multistage sampling technique was used to 
select the sampling unit. The County was first stratified 
into two Districts (recommendation domains based on the 
cropping systems), sugarcane and maize. Two locations 

were randomly selected from each of the Districts for the 
study. With the assistance of the local livestock extension 
officers, a list of households keeping dairy animals was 
prepared to construct a sampling frame. Finally a total of 
293 (100 in Mumias and 193 in Matete) were selected.

A desktop study
A desktop study was conducted to provide estimates 
of crop production and the quantity of dry matter 
(DM) output from major crop residues were estimated 
by converting grain yields to fibrous residues using 
multipliers. A survey was conducted to document the 
utilization of the residues in dairy cattle feeding in the 
region.

Survey
Formal interviews were conducted in the County to 
develop a semi-structured questionnaire that was pre-
tested with 20 farmers. Quantity of DM output from 
major crop residues were estimated by conversion of 
grain yields to fibrous residues using multipliers.

Statistical analysis
Descriptive statistical analyses were used and included 
frequency distributions, calculated means and percentages 
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and tabulation of the various qualitative and quantitative 
responses relating to crop residue utilization in livestock 
feeding.

Results and discussion
Estimated quantities of crop residue in western Kenya
Table 1 presents the estimated quantities of feed DM 
expected from different crop residues in western Kenya 
2010/11 production year. From the total quantity of feed 
estimated from crop residues in 2011, maize stover and 
sugarcane tops were the most important residues followed 
by cassava leaves and bean straw. The estimated annual 
crop residue available in western Kenya was over 2m t 
DM.

Availability of dry matter from crop residue relative 
to livestock population
The livestock population of western Kenya is estimated 
at 219,904 exotic dairy cattle, 843,608 indigenous 
cattle, 233,72 sheep 3, and   263,946 goats (CBS census 
2009) translating to 153,932, 590,525, 23372 and 
26,395 tropical livestock units (TLU) respectively. The 
availability of feed was calculated at 2.84 t DM /TLU 
(equivalent to 7.8 kg DM per day for 2011/12 production 
year). The maintenance requirement is estimated at 4.6 
kg DM per day (Kearl, 1982), so the available DM from 
crop residues in the region satisfied over and above the 
maintenance requirements. Estimates in Ethiopia, Tolera 
(1992) showed that crop residues satisfied only 78% of 
the nutrient requirements. The quantities of crop residues 
produced in western Kenya in relation to the livestock 
population shows that the available amount of could 
provide for the maintenance requirements. 

Nutritive value of available crop residues in Western 
Kenya
Table 2 presents the DM, protein and energy of some crop 
residues in western Kenya in 2010/11 production year.
Many crop residues contained higher levels of crude 
protein above the 7.5% considered for optimum rumen 
function. Thus most of them could be useful supplements 
for crop residue based diets and poor quality pastures 
with low protein content. 

Trade–offs of crop residues in western Kenya
The trade–offs of crop residues in western Kenya are as 
shown in Figure 1. Most households use crop residues as 
livestock feeds and as soil mulch. Little is burnt, used as 

fire wood, for construction or sold.
Among the major crop residues, maize stalk was used as 
follows: stubble grazing (7%), stall feeding (24%), mulch 
for water and soil conservation (32%), households fuel 
(37%). The others were bean husks used for mulching, 
composting or burnt for ash (traditionally processed to 
extract minerals for use in cooking especially vegetables). 
Sugar cane tops were used for field mulch, residue and 
stubble feeding (45%) and stall feeding (43%). 

Utilization of crop residue as feed for livestock in 
western Kenya
Majority of the household (48%) used maize stover as 
feed for livestock followed by sugarcane top (19%) and 
then Bean (11%) (Table 3).
Less than 10% of the other crop residues were utilized 
in feeding livestock. Farmers used maize stover and 
sugarcane tops in all seasons of the year but mainly 
during the dry season. This was because availability of 

Table 1. Estimated quantities of feed dry matter obtainable from different crop residues in Western Kenya 2010/11 
production year
Crop    Crop production  2010/11(t) Conversion factor Crop residue production (t DM)
Sugarcane  340,692    2.2    749,522.40
Maize   558,092    2    1,116,183.24
Beans   73,326    1.2    87,991.49
Ground nuts  1,152    1.5    1,728.41
Cassava  195,756    1    195,756.00
Sweet potatoes  182,983    0.3    54,894.90
   
Soya beans  4,335    1.2    5,202.00
Sorghum  13,512    2.5    33,779.48
Millet   4,470    2.5    11,174.85
Total           2,256,232.77
Source: Production data from MoA (2012) and conversion factor from FAO (1987)
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pasture during the two dry seasons was limited due to 
drought and also due to the small land sizes for which 
crops for human consumption and animal feeds compete 
(McDonald, 1988).

Table 4. presents the response of farmers to common 
methods of conserving feeds for livestock in Western 
Kenya. 

Table 2. Nutritive value of different crop residues in Western Kenya 2010/11 production year
Crop    Dry matter (%)  Crude protein (%) Energy(MJ/kg DM)
Sugarcane tops  30.0   6.0   7.6
Maize stover  86.0   3.7   8.4
Beans   87.0   6.8   7.5
Ground nuts  82.3   11.2   10.2
Cassava leaves  85.1   17.2   9.2
Sweet potatoes  26.0   19.2   11.1
Soya beans  77.0   8.5   9.6
Sorghum  83.0   4.7   8.7
Millet   88.0   3.8   8.5

Fig. 1. The trade–offs of crop residues in western Kenya

Table 3. Response of farmers to common crop residues 
used to feed livestock
Crop residue type  Percentage response
Banana Pseudostems  8.3
Bean residue   11.0
Cassava leaves   0.8
Ground nut haulms  3.1
Maize stover   48.0
Sugarcane tops   19.0
Soya bean straw  0.8
Sweet potato vines  2.3
Sorghum stover   0.5
Sunflower heads  0.5
Millet heads  0.5

Most were aware of various treatment practices mainly 
chopping but were not using these improvement practices 
due to economic reasons. It has been reported that particle 
size (chopping and milling) reduction can improve the 
DM intake by limiting selection and wastage although the 
authors do not indicate the particle size required (FAO, 
2011). Possible interventions using pulverizers would 
greatly improve the utilization of crop residue in the 
region. Chemical treatment was not well known. It has 
a positive effect on digestibility and milk yield in cattle 
(FAO, 2011; Preston, 1995 and Sarnklong et al., 2010). 
This suggests that chemical treatment of crop residues 
would greatly improve the utilization of crop residues in 
the region. Among the constraints widely cited included, 
bulkiness, hard to chop, poor palatability, lack of capital 
to invest in proper strategies, inadequate knowledge on 
use of crop residues and pests (termites) damage. 
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Conclusion
Although large amounts of crop residues are produced 
in western Kenya and are used for livestock feeding, 
farmers do not get their potential benefits due to 
economic problems and inadequate information on 
handling and processing of the residues. 
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Abstract
Inadequate feed during the dry season is a major cause of low dairy productivity in coastal Kenya. Farmers in this 
region depend on forages to feed livestock.  Forage production is rain fed; thus feeds are abundant in the rainy 
season but scarce and of poor quality during the dry season. Conservation of the surplus fodder has the potential 
for increasing or stabilizing milk production in smallholder farms in coastal Kenya. Silage based feed conservation 
technology was developed using Napier grass and gliricidia legume. Such silage had a higher nutritive value of 
�3.�% crude protein (CP) than silage made from Napier grass only. However, there has been low adoption of this 
technology. A new technology was developed that uses cassava leaves instead of gliricidia forage. This cassava based 
silage technology is ready for dissemination to end users. Innovative approaches such as the use of peer trainers could 
therefore be useful in efficient delivery of the technology. Cassava based silage technology uses mixtures of Napier 
grass, cassava leaf and chips. The cassava chips serve as the source of readily available carbohydrates replacing maize 
bran or molasses. Cassava leaf is an alternative to gliricidia. Peer trainers were invited for a capacity building course, 
trained for three days and then commissioned to carry the extension messages and train farmers. The results indicated 
that: three months after the initial capacity building workshop, the peer trainers trained ��3 people on-farm in Kilifi 
and Kwale Counties (39 women and 74 men). It is recommended that this approach be used together with other 
extension approaches since no single extension approach can be considered appropriate to address the needs of all 
agro-ecological zones.

Introduction
Agricultural extension in Kenya has transformed 
since the early 1900s when the government; through 
the Ministry of Agriculture, begun providing the bulk 
of extension services to both small scale farmers and 
commercial producers. The government has tried 
a number of extension approaches over the years, 
including progressive or model farmer approach, 
integrated agricultural rural development approach, farm 
management, training and visits (T&V), farming systems 
approaches and farmer field schools (MoA, 2008). For 
an agricultural innovation to be adopted, farmers must be 
aware of its existence and its potential (NAEP, 2001).
The cause of poor dissemination of research results in 
Kenya has been attributed to weak extension services, 
mainly due to inadequate funding; hence the need to 
devise innovative approaches that would enable the 
efficient delivery of extension messages to the farming 
community (KARI, 2004). 

Dairy productivity in coastal Kenya is relatively low. This 
has been mainly attributed to inadequate and low quality 
forages. Farmers in Kenya’s coastal region depend on 
forages to feed livestock.  Forage production is rain fed; 
thus feeds are abundant in the rainy season but scarce 
and of poor quality during the dry season. Conservation 
of the surplus fodder has the potential for increasing 

or stabilizing milk production in smallholder farms in 
coastal Kenya, especially in dry seasons.
To improve the quality of forages, a collaborative 
program between Kenya Agricultural Research Institute 
(KARI) and the International Livestock Centre for 
Africa (ILCA) in early 1990s promoted planting Napier 
grass in gliricidia alleys. Silage from this establishment 
is the conventional Napier grass and legume silage 
recommended by KARI for coastal Kenya (Muinga et 
al. 1998). The ratio of Napier grass to gliricidia leaf in 
such silage is 3:1 and improves silage quality to as high 
as 13.1% crude protein (CP) compared to 4.1% for silage 
made from Napier grass only, (Muinga et al. 1998). 
Maize bran is added as a source of readily available 
carbohydrates in the silage. 

The conventional silage technology was disseminated 
mainly through sale of leaflets to farmers during field 
days. However, there was no extensive training to 
disseminate this technology until 2012 when the Heifer 
Project International (HPI) and KARI trained a few 
farmer groups in Kwale and Kilifi Counties. The trainings 
focused on ensiling Napier grass in polythene bags (Lewa 
et al., 2013).

A situational analysis carried out in April 2012 to 
establish the status of fodder conservation in Kwale and 
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Kilifi Counties of coastal Kenya found low uptake of 
silage technology by the farmers. This was attributed to 
lack of skills and knowledge (63%), insufficient forages 
(13.7%) and high costs (10.1%). The study recommended 
among others, the use of practical training approaches for 
farmers with low education level and use of low inputs 
for silage conservation (Lewa et al., 2013).

The cassava based silage technology uses mixtures of 
Napier grass, cassava leaves and cassava chips used as 
the source of readily available carbohydrates replacing 
maize bran or molasses. Cassava is widely grown in 
coastal Kenya for food. However, its leaves go to waste 
at harvesting. Cassava leaves contain 22% (CP) which is 
similar to that of gliricidia leaves used in conventional 
silage making. Cassava based silage is therefore more 
suited to the farming conditions of the smallholder 
dairy farmers in coastal Kenya and could improve milk 
production during the dry season. 
To enable efficient delivery of the cassava based silage 
technology, innovative dissemination approaches were 
explored. The objective of this study was to evaluate  
peer training on technology dissemination.

Materials and methods
Study area 
The study was carried out on Centre at KARI- Mtwapa 
(3o 56’S, 39o44’E) in the coastal lowland coconut - 
cassava agro - ecological zone (Jaetzold et al., 2012) 
and on-farm in Kwale County (Kwale sub-county) and 
Kilifi County (Kilifi and Malindi sub-counties) of coastal 
Kenya. The Counties have the highest number of dairy 
animals and milk production in coastal Kenya (PDLD, 
2011).

Selection and training of peer trainers
Peer trainees were drawn from Malindi and Kilifi sub-
counties of Kilifi County and Kwale sub-county of Kwale 
County. These were selected based on occupation and 
group affiliation: Five business development service 
providers (BDSPs), six representatives of farmer groups 
and seven individual dairy farmers were selected. The 
BDSPs who attended the course were those involved 
in private livestock extension services, private artificial 
insemination, animal health services and related 
activities. At least two government extension staff were 
selected from each of the three sub-counties of Kilifi, 
Malindi and Kwale (Tables 1 and 2). 
The Peer trainees were selected by sub-county livestock 
extension staff (Ministry of Livestock Development) 

based on predetermined criteria. The criteria included:
• Interest in forage conservation 
• Residence in the Counties

• Interest to train specific groups that keep dairy as 
a business and therefore know the need to sustain 
milk production during the dry season when the 
milk prices are high

• Submission of proposed work plan indicating which 
groups (at least one group) to be trained and the 
training site. 

• Evidence of a proposed training site with Napier 
grass, a legume fodder and cassava

• Interested, active CBO already trained on forage 
production

• Willing to prepare adequate silage to feed at least 
one animal during the dry season and demonstrate 
the same during a field day to coincide with the dry 
season of 2014

• Trained farmers should be ready to host field days in 
their farms

• Having trained other farmers previously

The selected peer trainers attended a  three day 
training of trainers (ToT) workshop held at KARI-
Mtwapa on cassava based silage conservation, use and 
commercialization in May, 2013. The training curriculum 
included aspects of animal nutrition, diseases, farming 
as a business, record keeping, fodder production, hay 
conservation and cassava based silage making. The 
participants were also involved in rigorous practical 
hands on sessions. 

Table �. Peer trainees distributed by sub-county and 
gender
Sub- county Number of non-government trainees
  Female  Male  Total
Kilifi  �  4  6
Kwale  �  4  6
Malindi  3  3  6
Total  7  ��  �8

Table �. Number of trainees distributed by occupation 
and gender
Occupation  Number of trainees
Farmers   Female Male Total
    6 7 �3
Government extension staff � 6 7
Business dev service providers � 4 5
Total    8 �7 �5
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After training, the trainees were issued with an easy 
to use booklet and leaflet. The booklet was written in 
Kiswahili language which is commonly used in the area. 
It was entitled “Teknolojia za kuimarisha uzalishaji wa 
maziwa katika Pwani ya Kenya” (Dairy technologies 
for increased milk production in coastal Kenya) and the 
leaflet “Make Napier plus legume silage”. They were 
awarded certificates and commissioned to carry the 
extension message to other farmers. Facilitators in the 
ToT workshop would attend the field days by the trainers 
to give needed backup in the trainings.

Preparation of cassava based silage
Napier grass at one metre height was harvested and 
wilted for one day to reduce moisture content. Cassava 
leaves and tender stems were also harvested and wilted 
for similar reasons. Napier grass was then chopped 
using a chaff cutter to less than 5 cm length for ease of 
compaction. Cassava chips were made using a cassava 
chipper and either sun dried to a dry matter (DM) of 90% 
or used fresh in silage making. 
Pit silos lined with 500 gauge polythene sheeting were 
used in the silage making process, while 800 gauge 
polythene tubing was used in polythene bag silage 
making. 

Napier grass and cassava leaves in silos or polythene 
bags was in the ratio 3: 1 (Muinga et al. 1998). Cassava 
chips were used at 5% of total weight of silage in the 
cassava based silage. Compaction of silage was achieved 
by people trampling over the mixture in the silo. Silos 
were then sealed and made airtight to enhance anaerobic 
fermentation.

Results
On farm training by peer trainers
Three months after the May, 2013 training at KARI-
Mtwapa, nine out of the 18 peer trainers
had trained 113 people on farm in Kilifi and Kwale 
County (Table 3). During the trainings, facilitators from 
KARI gave technical backup. Only one out of the 113 
people trained by peer trainers on farm was already using 
silage technology at their farm (Table 4). More training 
meetings were scheduled for Kilifi and Malindi sub-
counties. Peer training will continue to a climax of field 
days to be held one year after the initial TOT. Silage 
made by farmers during training by peer trainers will be 
fed to dairy cow before the on farm field days (Table 5).

On farm adaptation of the cassava based silage 
technology

Peer trainers innovatively changed the equipment used 
during the training at the research centre with tools that 
were available on farm to achieve the same desired 
results. They used the mortar and pestle on - farm to 
prepare cassava chips instead of the cassava chipper 
(Figures 4 and 5).

Table 3. Number of farmers trained by the peer trainers in 
Kwale and Kilifi counties
Venue   Number of participants    
   Female  Male
Kilifi (Tezo)  ��  8
Kwale (Vuga)  5  �7
Kwale (Shimba Hills) �  ��
Kwale (Matuga) ��  �8
Total   39  74

Table 4. Number of farmers trained by the peer trainers 
using silage technology
Venue      No. of farmers trained by peer trainers
   Total Using silage technology
Kilifi (Tezo)  �9  0
Kwale (Vuga)  ��  0
Kwale (Shimba Hills) �3  0
Kwale (Matuga) 39  �
Total   ��3  �

 Table 5. Quantities of cassava based silage made on farm 
by peer trainers
Venue     Amount of cassava based silage made by peer  
   trainers
   Pit silo  Poly bag    
   (amount [t])  (amount kg)
Kilifi (Tezo)  �.0  40
Kwale (Vuga)  �.5  30
Kwale (Shimba Hills) �.5  30
Kwale (Matuga) �.5  30
Total   5.5  �30

Discussion
Using community groups is a form of farmer-to-farmer 
extension; as farmers learn a particular innovation and 
share their knowledge and skills with other farmers. 
Farmers are generally enthusiastic to share their skills 
with other farmers. Extension officers cannot be expected 
to reach every farmer - hence, the need for selectivity and 
reliance on farmer-to-farmer dissemination (World Bank, 
1999).
In all the trainings it was observed that the peer trainers 
innovatively changed the equipment used during the 
training at the research centre with tools that were 
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available on farm to achieve the same desired results. 
Peer trainers used the cassava chipper at KARI Mtwapa 
to make the chips during their training on silage making, 
but used mortar and pestle on-farm to prepare cassava 
chips. 

It was expected that the on-farm training would be held 
immediately after the ToT but this had to be conducted at 
the farmers’ convenience. Each peer trainer was expected 
to train about 20 farmers translating to 360 farmers in 
the two Counties. Initially the project planned to train 
six groups of 20 farmers each (120 farmers) directly 
by researchers but this was changed during the annual 
planning and review. It was found prudent to target as 
many farmers as possible in the target area; hence the use 
of peer trainers.

It was noted that farmers appreciated the training from 
one of their peers (Plates 1 and 2). The training united the 
farmers towards achieving a common goal of conserving 
good quality feed for dry season feeding. 
Silage made in polythene bags allows farmers to ensile 
small quantities of silage on a daily basis and enhance the 
use of family labour compared to pit silage where casual 
labour must be employed. During the on farm training, 
the trainers were provided with polythene bags through 
the project. They were however made aware that this 
could be replaced with recycled strong polythene bags 
commonly used for fruit packaging as long as they had no 
holes since the process is anaerobic.
 
Conclusion 
Dissemination of cassava based silage technology was 
successfully carried out by peer trainers and may be a 
feasible option to get agricultural technologies passed on 
to end users. Moreover, the peer trainers substituted the 
equipment/tools used at KARI Mtwapa with others that 
were available and easily accessible by other farmers, 
which would further enhance adoption of the technology.

Recommendations
It is recommended that this approach be used together 
with other extension approaches as no single extension 
approach can be considered appropriate to address 
farmers’ needs in all agro-ecological zones.
An analysis of the effects of peer training on 
dissemination of the cassava based silage technology will 
be carried out two years after the initial TOT training 
to find out how many trained farmers adopted the 
technology.  
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Abstract
High population growth is a major cause of food shortages experienced in the world today. The increasing human 
population increases the demand for food. Both humans and livestock compete for cereals as sources of food and feed 
respectively. Alternative livestock feeds with less competition need to be evaluated to feed livestock in order that the 
demand for livestock products is met. In Kenya, the dairy sector is an important income earner, contributing 3.5% of 
the Gross Domestic Product (GDP), as well as a source of employment. Ruminants can utilize crop residues and agro-
industrial by-products for milk production. Among the by-products available in coastal Kenya are cashew nut siftings 
(Anacardium occidentale L.) and copra cake (Cocos nucifera L.). A study was therefore set up to evaluate performance 
of Jersey cows (mean weight 302+3 kg) fed a Napier grass (Pennisetum purpureum) basal diet supplemented with 
Gliricidia forage (Gliricidia sepium), cashew nut siftings and copra cake. Gliricidia is a tree legume that grows well 
in coastal Kenya and is used livestock feeding. Results from the study showed that compared to gliricidia cashew 
nut siftings and copra cake reduced total daily dry matter intake from 10 to 8 and 6 kg DM and subsequent low milk 
production by 10 and 32 % respectively. The study recommends further research to find ways to enhance intake of the 
crop residues. 

Introduction
High Population growth is a major cause of the food 
shortages experienced in the world today. The world 
population was projected to grow by 2.3 billion people 
in the period 2009 to 2050, needing 70% more food. The 
demand for cereals in 2050 for food and animal feed will 
be 3.0 billion tonnes (FAO, 2009). This coupled with 
the effects of climate change justifies the efforts to find 
alternative livestock feeds to meet human requirements 
for animal products. Climate change and increased bio 
fuel production represent major risks for long term food 
security (FAO, 2009).

Dairying is a major enterprise in Kenya, and employs 
over 80% of the rural population (SRA, 2004). The sector 
accounts for 14% of agricultural GDP and 3.5% for the 
total GDP (Dairy Mail Africa, 2008). The annual milk 
production in Kenya was about 5.1 billion L in 2008; 
equivalent to the country’s milk demand (ASDS, 2010). 
Feeding grains to ruminants is not practicable because 
of the competition for human consumption. However, 
ruminants have the ability to convert low quality 
roughage and crop by-products to meat, milk, natural 
fibre, leather and manure; products that are useful to man. 
Although crop residues have the problems of being bulky 
and low in quality, they have the advantage that the cost 
of their production is covered by the grain or the main 
marketable product.

Coastal Kenya has a dairy herd of 97,393 cattle, 
producing about 90 million L of milk annually (PDLD, 
2010). Farmers in coastal Kenya depend on forages to 
feed livestock; but these dry up during the dry season 
and cattle have to be fed on a wide range of materials 
such as maize stover, coconut and mango (Mangifera 
indica) leaves. Reliance on poor feed resources without 
appropriate strategies for improving their nutritional 
value and availability leads to loss in production. Cashew, 
coconut and Gliricidia are well adapted to the coastal 
region of Kenya. Cashew and coconut trees occupy 
29,950 and 50,663 ha respectively.  In 2011 the mean 
annual yield of cashew nut was estimated at 20,927 t 
and 87,479 t for coconut (HCDA, 2011). The estimated 
potential for cashew waste and copra cake per year is 
523 and 875 t respectively. These by-products from 
cashew nut and coconut processing are potential protein 
supplements. 
A study was therefore conducted to compare the 
performance of dairy cows supplemented with copra cake 
and cashew nut siftings which are abundant in coastal 
Kenya. 

Materials and methods
The study site 
The study was carried out at the Kenya Agricultural 
Research Institute, KARI-Mtwapa which lies on latitude 
3o56’South, longitude 39o44’ East and an altitude of 15 m 
above sea level. The area has an average annual rainfall 
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of 1200 mm, mean monthly minimum and maximum 
temperatures of 22oC and 30oC respectively. The mean 
relative humidity is 80% (Jaetzold et al., 2006). 

Animals 
Twelve lactating Jersey cows of between first and fourth 
lactations were used in the study. They were weighed 
and then grouped into three groups/ blocks of four cows; 
balanced for lactation number, milk yield and body 
weight. The average live weight of each block was 302 
kg (±3) with an average daily milk yield of 7.3 (±0.1) 
kg. The cows were weighed three times during the 
experimental period; at the start, mid way and at the end 
of the experiment. Cows were dewormed at the start of 
the experiment to control internal parasites and sprayed 
weekly with an acaricide to control ticks.

Experimental diets
The following experimental diets were fed over a six 
week period:

• Napier grass + 8 kg fresh Gliricidia + 3 kg maize 
bran (Gliricidia)

• Napier grass + 3 kg Cashew nut siftings + 3 kg 
maize bran (Cashew nut)

• Napier grass + 3 kg Copra cake + 3 kg maize bran 
(Copra cake)

The treatment diets were allocated randomly to three 
groups of cows in a randomized complete block design 
(RCBD). Napier grass basal diet and fresh water were 
provided ad libitum.  Each cow was offered 60 g of a 
mineral supplement daily. 
One week acclimatization period was provided to 
familiarize the cows to the trial diets and experimental 
data was collected for six weeks.

Procedure
Napier grass was harvested daily, chopped using a tractor 
driven chaff-cutter into pieces of about 1 cm length 
before feeding to the animals. Gliricidia leaves and tender 
shoots were harvested and fed to the appropriate group 
of animals together with maize bran (Gliricidia). Cashew 
nut siftings and copra cake were each thoroughly mixed 
with maize bran at 1: 1. At least 5.3 kg dry matter (DM) 
of gliricidia, cashew nut and Copra cake were offered 
daily to the cows. The trial diets and the basal diet were 
weighed and offered at about 0830 and 1430 hrs daily to 
ensure availability of feed in the feed troughs at all times. 
The supplements and mineral lick were offered in two 
equal portions in the morning and in the afternoon. 
Refusals were collected from feed troughs and weighed 

every morning before fresh feed was offered. Feed 
samples were taken weekly for DM determination and 
nutrient analysis. Hand milking was done two times a 
day; in the morning and in the afternoon before feeding. 
The experiment was carried out for six weeks.
Data was recorded and stored in Ms Excel files and 
subjected to analysis of variance (ANOVA), using the 
General linear model (GLM) procedures of Statistical 
Analysis Systems (SAS, 1997). Means were separated by 
computing the least significant difference (LSD). 

Results
Napier grass and gliricidia forages had the lowest DM 
content compared to cashew nut siftings and copra cake 
which were by- products from processing factories 
(Table 1). Gliricidia forage, cashew nut siftings and 
copra cake are rich sources of protein.  Supplement and 
total feed intake of the three experimental diets differed 
significantly (P<0.05) (Table 2).  Cows supplemented 
with gliricidia had the highest supplement and total DM 
intake followed by cashew nut and the least was copra 
cake. Cows supplemented with gliricidia maintained live 
weight compared to those on cashew nut and copra cake 
which lost 6 kg each during the 6 weeks experimental 
period. 

The milk yield of cows was similar for all treatments 
in the first four weeks (Table 3). However, cows fed 

Table 1. Dry matter values of the feeds
Type of feed  % DM
Copra cake  96.2
Cashew nut siftings 91.7
Gliricidia  33.6
Maize bran  88.0
Napier grass  20.4

Table 2. Mean daily protein supplement intake and total 
feed intake (kg DM) for lactating Jersey cows fed Napier 
grass basal diet ad libitum
Experimental diets Supplement Intake Total 
DM intake
Gliricidia   5.2a   9.7a
Cashew nut   4.6b   7.8b
Copra cake  2.1c   5.6c
LSD   0.18   0.29
LSD = Least significant difference between means; 
Means bearing different superscripts within a column 
differ significantly (P < 0.05)
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gliricidia yielded more milk than those fed cashew nut 
and copra cake in the fifth and sixth weeks. Cashew 
nut and copra cake treatments were not significantly 
different. However the mean weekly milk yield for the 
experimental period for cows fed copra cake (35.4) was 
significantly (P<0.05) lower than for cows fed cashew nut 
siftings (47.2) and gliricidia ( 52.4).

Discussion
The three nutritional factors most likely to limit milk 
production are protein, energy and minerals especially 
Ca and P (Muinga, 1992). Mineral salt that contained 185 
g and 110 g of Ca and P respectively was offered at 60 
g/day to eliminate deficiencies. The low intake of both 
cashew nut and copra cake at a mean of 4.6 and 2.1 kg 
DM respectively suggest that these crop residues are not 
readily acceptable to the cow. Intake of cashew nut and 
copra cake was 86% and 40% respectively of the total 
supplement offered. Efforts should be made to enhance 
intake of these crop residues. 

There are conflicting reports on the palatability of copra 
cake; Gulbransen et al., 1990, describes copra cake 
as very palatable and readily accepted by cattle, while 
Oliveira et al., 2010 and Camacho Diaz et al., 2006 
associate it with decreased voluntary feed intake.  The 
susceptibility of copra meal to rancidity after prolonged 
storage could cause such palatability issues even when 
no obvious signs of rancidity are noticed (Oliveira et al., 
2010). 

The poor intake of the feeds obviously had a bearing 
on the amount of energy and protein that the cows 
consumed; this will be verified when the laboratory 
analyses of both feeds and digestibility are obtained. 
The results showed milk yield and body weight changes 
of cows in the three treatments as follows: Cows fed on 
Gliricidia increased milk yield from a mean of 53.8 kg 
in the first week to 54.3 kg in the sixth week. Mean body 
weight increased from 305kg to 312.5 kg over the same 

period. It could be suggested that cows in this group 
were supplied with sufficient nutrients for both milk 
production and maintenance. Cows fed on Cashew nut 
reduced milk yield from a mean of 53.3 kg in the first 
week to 43.2 kg in the sixth week. Mean body weight 
decreased from 300 to293.8 kg over the same period. It 
is probable that cows in this group did not get sufficient 
nutrients for milk production and maintenance from the 
diet and had to breakdown body reserves in an effort to 
sustain milk production; hence reduced body weight. 
Cows fed on Copra cake reduced milk yield from mean 
of 43.8 kg in the first week to 30.9 kg in the sixth week. 
Mean body weight decreased from 302 to 296 kg over 
the same period. Cows in this group did not get sufficient 
nutrients for milk production and maintenance from the 
diet and probably mobilized body reserves to maintain 
milk yield. 

Conclusion
The study showed that both cashew nut siftings and copra 
cake have potential for supplementing Napier grass which 
is recommended for cows under zero grazing. However 
ways to enhance intake of these crop residues should be 
explored to harness their nutrients. 
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The fodder market in coastal Kenya - current status and opportunities 
K.K. Lewa, A. Ramadhan , M.N. Njunie and L.C. Mambo
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Abstract
Smallholder dairy productivity in coastal Kenya is constrained by poor quality and low quantities of fodder. This is 
due to reliance of rain fed natural pastures which become scarce during the dry season and often do not provide all the 
nutrients required by the animals. The situation is exacerbated by low on farm fodder conservation practices among 
the farmers. Dairy farmers could however cover the feed shortfall through purchases. This study aimed to assess the 
status of the fodder market and its potential in Kwale, Kilifi and Lamu counties of coastal Kenya. The study used 
focus group discussions, key informant interviews and a questionnaire survey administered to 72 respondents. The 
study found that fodder is marketed at the farm gate. The main fodder marketed is the natural pastures containing 
natural grass types and herbs, which is mostly marketed green. Other marketed fodder includes Napier grass, maize 
stover, and hay from both natural grass and Rhodes grass. The fodder market is informal and is conducted without 
any licenses or quality control. There are few barriers to entry and exit. The study recommends intensive promotion of 
improved fodder and over sowing legumes in natural pastures to improve quality and quantity of fodder which will be 
available for sale.

Introduction
Coastal Kenya is a net importer of milk meeting only 
40% of its milk requirements (MoLD 2010). This 
is attributed to low genetic potential of the animals, 
disease challenge and low quantity and quality of 
feeds. Smallholder dairy productivity in coastal Kenya 
is constrained by poor quality and low quantities of 
fodder. This is due to reliance of rain fed natural pastures 
which become scarce during the dry season. The natural 
pastures often do not provide all the nutrients required 
by the animals. The situation is exacerbated by low on 
farm fodder conservation practices among the farmers 
(Lewa and Muinga 2013). Diminishing farm sizes due 
to subdivisions limit the ability to produce sufficient 
fodder on farm, while the common practice of free range 
grazing in communal land will reduce as more land 
falls into private ownership. Nevertheless, dairy farmers 
could cover their feed shortfall through purchases of high 
quality fodder from the market. 

This study was conducted as part of the East Africa 
Agricultural Productivity Project (EAAPP) funded 
project called “Enhancing fodder and seed production and 
multiplication business in coastal Kenya”. The aim of the 
study was to assess the current status of the fodder market 
and its potential in Kwale, Kilifi, Mombasa and Lamu 
counties of coastal Kenya. Specifically, the study sought 
to answer the following research questions: Who are 
the main actors in the fodder market? How is the fodder 
market organized? What opportunities exist for enhanced 
commercialization of fodder? For this study, fodder 
included crop residues, hay, green grass and fodder trees.

Methodology
This study was conducted in coastal Kenya which is 
situated between latitudes 3 and 400S and longitudes 39 
and 400E. The region is divided into four major agro-
ecological zones, namely, the coconut-cassava zone 
(CL3), cashew nut-cassava zone (CL4), livestock-millet 
zone (CL5) and the livestock arid and semi-arid lands 
ranching zone (CL6). Coastal lowland (CL) 3 and CL 
4 were purposively selected because most agricultural 
activities and specifically dairy production activities 
in the region take place in these zones (Wekesa et al., 
2003). The mean annual rainfall is 900 - 1000 mm. The 
geographical areas covered were the sub counties of 
Kwale, Mombasa, Kilifi and Lamu Counties.

Data were collected through key informant interviews 
with representatives of District Agriculture and 
Livestock extension, farmer groups/ community based 
organisations, Kenya Agricultural Research Institute 
(KARI) and Non-Governmental Organisations (NGOs) 
involved in the fodder value chain. Additional data 
were collected from secondary sources that included 
District and Provincial livestock reports. Following the 
framework of the agricultural product value chains and 
associated development services (Gebremedhin et al 
2009), the study collected and analysed information on 
fodder production and supply, feed transportation and 
storage, feed marketing, demand and use, prices, market 
actors and institutions. 

A structured questionnaire was used to collect 
information through face to face interviews of the 
selected fodder producers, marketers and users. The 

The 1st EAAPP Mini-conference and open day. KARI-Naivasha. 12-15 November 2013
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study covered 72 smallholder and large scale dairy 
farms comprising 61 individual and 11 institutional 
farms. The institutional farms were made up of KARI-
Mtwapa and her four sub centres-Matuga, Mariakani, 
Msabaha and Mpeketoni; Agricultural Development 
Corporation (ADC) Malindi, Shimo la Tewa Prison and 
educational institutions in Mombasa. Data were analyzed 
using descriptive statistics with aid of the IBM SPSS 
STATISTICS 20 software. 
 
Results and discussion
Status of fodder production
Natural pasture is the main source of forage for dairy 
cattle in coastal Kenya (Ramadhan et al., 2008). 
However, natural pastures cannot sustain the increasing 
number of dairy animals currently estimated at over 
97,000 due to their low productivity and quality (Ministry 
of Livestock Development 2010; Muinga et al., 1999; 
Nicholson et al., 1999). High yielding and high quality 
pasture/fodder grasses and legume species were evaluated 
and subsequently disseminated to dairy farmers in the 
region (Mambo et al. 2004). The introduced fodder 
included various species of Napier grass, Rhodes grass, 
leucaena, gliricidia, clitoria and mucuna. 
From the study sample, 59.7%, 38.9% and 30.6% of the 
respondents had Napier grass, leucaena and gliricidia, 
respectively in their farms (Table 1). These crops were 

Table 1. Percentage of farmers growing improved fodder 
grasses and legumes
Fodder type Percentage of farmers growing (N=72)
Grasses
Napier grass  59.7
Rhodes grass  8.3
Legumes
Leucaena  38.9
Gliricidia  30.6
Clitoria   2.8
Mucuna  1.4

mainly for their own use and not for sale except for 
five farms which sold Napier grass. These results agree 
with previous studies that have shown low adoption of 
farmers to the improved fodder. The farmers mainly 
rely on natural pastures which are inadequate and get 
scarce during the dry season. This was seen as a potential 
opportunity for commercialization where the farmers 
could bridge the gap through buying the improved fodder 
from the market. 

Fodder use
All the sampled farmers indicated that they did not have 
sufficient fodder for their animals throughout the year, 
both in the rainy and dry seasons. The average daily 
consumption of improved fodder - Napier, leucaena 
and gliricidia per animal was 13.1, 2.6 and 1.4 kg fresh 
weight (Table 2). A t-test showed no significant difference 
in use of these fodders during the rainy and dry seasons. 
Napier grass which is the basal diet was estimated at 13.1 
kg (fresh weight) per animal during the wet season and 
9.2 kg in the dry season.

Free grazing of natural pastures was used to compliment 
the Napier grass intake. The recommended average daily 
consumption of Napier grass in the region is at least 30kg 
per animal per day. This agrees with previous studies 
(Ramadhan et al., 2008, Muinga et al., 1999) that feed 
provided to the animals is inadequate, leading to low 
productivity. 
To further supplement fodder available in their farms, 
20.8% of the respondents indicated purchasing fodder 
from outside their farms daily. This provides an 
opportunity for enhanced marketing of fodder.

Fodder marketing
Crops and plants traded as fodder. The main plants/crops 
traded as fodder by priority based on the scale of the 
retail transactions were natural pastures, Rhodes grass, 
maize stover, Napier grass, leucaena and gliricidia.

Table 2. Average daily use of improved fodder (kg) per animal during rainy and dry seasons
  Napier grass N = 28 Leucaena N = 29 Gliricidia N = 29
 Rainy season Dry season Rainy season  Dry season Rainy season Dry season
Mean 13.1  9.2  1.4   0.7  2.6  -
Min 0  0  0   0  0  -
Max 80  50  13.3   8  47.6  -
SD 21.2  14.4  3.1   1.9  9.2  -
*There was no significant difference on fodder use during the rainy and dry seasons for all the fodder types
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 Rhodes grass
Rhodes grass was the main improved fodder traded 
mainly in the form of hay. The most active actor in 
the marketing of hay was KARI Mariakani, with an 
annual production of 5,000 - 11,000 bales made from 
Rhodes grass var ex-Tozi. Major buyers were NGOs 
such as Coast Rural Support Programme (CRSP), 
Samaritan Purse, Catholic Relief Services, Kenya Meat 
Commission, other KARI Centres, secondary schools, 
and individual farmers. Besides Kilifi County, clients 
were also drawn from Kwale, Mombasa, Taita Taveta, 
Machakos and Kitui. 

Barani Farm in Malindi was other firms that had hay 
for sale. Price ranged between KES 200-250 per 15 kg 
bale. KARI Matuga had started to bale some hay but not 
yet sold any ADC farm Malindi also had plans to start 
producing hay for sale and had already planted 25ha out 
of a targeted 50 ha of Boma Rhodes. In all the firms, 
there were no agents or stockists. Clients bought directly 
from the source at farm gate.
Hay was mostly used to bridge the fodder deficit during 
months of drought, and also to provide feed for animals 
destined for slaughter at the abattoirs at Mariakani.

Napier grass
As indicated earlier, Napier grass was mostly grown for 
own farm use. Only five farms had sold some Napier 
grass within the year ranging from 2-5 t (fresh weight) at 
a cost of KES 500 per tonne. 
One farmer sold bundles weighing 15-20 kg at KES 70 
per bundle. This shows that currently the sale of Napier 
grass is very low. 

Natural pastures and farm residues
Natural pastures were traded as hay or in fresh (green) 
form. They comprised of various natural grass types 
and herbs. Farm residues such as maize stover and 
cowpea remains were included. These were the most 
actively traded fodder. The sources of natural pastures 
were the road sides, communal grazing lands, private 
farms and institution compounds eg KARI farms. Three 
CBOs in Lamu and Kilifi counties were involved in 
sale of hay made from natural pastures. Didewaride 
CBO and Baragoi Self Help Group from Lamu County 
had made 500 and 250 bales of hay respectively, while 
Umwanimwiri CBO of Ganze Kilifi County had 328 
bales. All the CBOs had made their hay from natural 
grass collected from communal land. They had taken 

advantage of the excess grass in the communal grazing 
lands after the long rains. They had made the hay with 
assistance from the Ministry of Livestock Development. 
Weight of the bales was approximately 15 kg. The main 
client for the Didewaride CBO was the Drought Recovery 
Project which was buying the hay at KES300 per bale. 
The Ganze CBO was selling directly to consumers at 
KES 150-250 per bale. 

• On the other hand, trading of natural pastures and 
farm residues at farm level took various forms which 
provide different stover) after harvest at an agreed 
daily or weekly fee.

• Livestock keepers were allowed to graze in situ or cut 
natural pastures and crop residues (usually maize 
after crop harvest) at an agreed daily/weekly fee 
or sometimes for free. In some cases, elaborate 
contractual arrangements were made to ensure 
access to the grazing area was limited only to a 
particular herd to prevent spread of disease/pests. 
opportunities/challenges and entry points in the study 
area. 

• Where payment was done in cash, it was KES 50-
150 per day depending on the number of animals. 
Payment was also done using milk where a litre 
exchanged for permission to cut natural pasture for 
a whole day. Even when livestock keepers were 
allowed to harvest the pasture for free, it was to 
reduce the weed load in the farm, hence there is an 
economic value attached to the pastures at all levels. 

• One of the large scale farms allowed a few farmers 
from the neighbourhood to grow maize in some 
portions of the farm as a means to reduce the bush 
cover and also to maintain good relations with the 
surrounding community. In return the farmers would 
provide all the maize stover to the owner of the farm. 

• Unit of measure for the natural pastures ranged from a 
wheel burrow, cart, bags and pick ups.

 
These scenarios show that the fodder market chain 
exists as shown in Figure 6, but it is currently not very 
organized. This provides an opportunity for expanding 
commercialization of fodder in an organized format.
Apart from Mjanaheri farm (one of the large scale farms 
in Malindi with about 120 dairy animals) which had very 
clear and elaborate plans for fodder conservation and 
feeding, all other livestock keepers visited experienced 
major feed shortages during drought, and had to rely on 
external supply. The demand for high quality forage is 
therefore quite high in all the counties of coastal Kenya.

The fodder market in coastal Kenya - current status and opportunities 
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Conclusion
The main crops traded as fodder were natural pastures 
and Rhodes grass. The main players in Rhodes marketing 
were the KARI centres and one large scale farm. Other 
players in the fodder market were individual farmers 
and community based organisations. The fodder market 
was informal and not well organised. Entry to the 
market is wide open and this provides opportunities 
for commercializing fodder production. All fodder 
was marketed at the farm gate and the consumers had 
to arrange for their own transport. The main modes 
of transport were donkey driven carts, hand-carts 
(mikokoteni), wheel burrows, and trucks. The Ministry of 
Livestock Development, NGOs and KARI are involved 
in promoting production and conservation of various 
fodders through provision of seed and extension services.

Recommendations
There is need to promote the improved fodder so as 
to enhance its quality and quantity among the farmers 
interested in producing fodder for sale. A potential entry 
point would be to oversow legumes among the natural 
pastures to improve the quality of the hay from the 
natural pasture.
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Abstract
A study to determine long term dry matter productivity of pasture grasses planted using cost effective methods of 
different types of planting material was done in Coastal lowland (CL) agro-ecological zone CL3, CL4 and CL5. The 
experimental design was Split-Plot with a factorial arrangement of four improved grass species (Chloris gayana Kunth 
var. Ex-Tozi (Rhodes grass), Cenchrus ciliaris L. (African foxtail), Panicum maximum Jacq. (Giant panicum), and 
Panicum maximum Jacq. (Local panicum) as main plot and five bunches of number of tillers (one, two, three, four and 
five tiller(s) planted per hole as sub plots. Information on plant counts, number of tillers and forage dry matter yield 
was collected. Amounts of labour used in carrying out land preparation, planting and weeding was determined and 
cost of production, break even cost and savings margin per hectare were calculated. Rhodes grass and Giant panicum 
produced 22% higher forage Dm yield than other grasses at Msabaha and Mtwapa which followed by rapid decline in 
yield of 37% by third harvest. These implied that these grasses could be used if high forage yield is required for short 
term period for cut and carry feeding or hay making. African fox tail grass produced significantly (p<0.05) lower yield 
in the first 3 cuts, but remained stable during all other harvests. This grass could be used for long term grazing as it 
withstood every two months harvesting intensity and sustained forage yield for a long period. Planting bunch sizes of 
three tillers and above gave 32 % more surviving plants compared to other bunch sizes. Giant and Local panicum were 
best suited to CL3, Rhodes grass and Giant Panicum in CL4, and Rhodes grass, African foxtail and Local Panicum in 
CL5 AEZ. Cost of pasture establishment may be reduced by 18% by using bunch sizes of three tillers instead of five. 

Introduction
The type of farming practiced in the region is mixed 
farming (Waaijenbeg, 1994). Farmers grow maize and 
cassava crops as staple and food security. The types of 
livestock kept in the coastal lowland region are local 
cattle, exotic dairy crosses and local goats (Thorpe et 
al, 1992) reared on natural pastures (Reynolds et al., 
1993), mainly under the free grazing system (Muinga 
et al., 1998). Milk production ranges from 1.0 to 6.4 
kg/day for local and exotic cross breed cattle, and 1.0 to 
2.0 kg/day for local and exotic/cross goats respectively 
(Ramadhan et al., 2008). Low forage quality is one of 
the constraints affecting milk production in the region. 
Research work on identification and dissemination of 
promising pasture/fodder grasses and legume species 
for dairy feeding has previously been undertaken in the 
region (Ramadhan et al., 2001 and Mwatate et al., 1998 
and Njunie et al., 1990). Despite the efforts, cultivated 
forages contribute less than 40% and 25% of dairy cattle 
feeding during the rainy and dry seasons, respectively 
(Muinga et al., 1998). One of the main factors that 
discourage planting of pasture and fodder crops by 
farmers is accessibility to planting material (Mureithi 
et al 1997). To address this constraint, cost effective 
methods for forage establishment of selected pasture 
grasses by using different number of bunch sizes of tillers 
were investigated in different agro-ecological zones.

Materials and Methods
The study was conducted at KARI centres at Mtwapa, 
Msabaha and Bamba. KARI-Mtwapa is in the coconut 
cassava (CL3) agro-ecological zone, KARI Msabaha is 
in the cashew nut-cassava (CL4) while KARI Bamba is 
in the livestock millet zone (CL5) (Jaetzold and Schmidt, 
1983). The annual rainfall ranges from 1000 to 1230 mm 
in CL3, 800 to 1100 in CL4 and from 600 to 900 mm 
in CL5 (Jaetzold and Schmidt, 1983). The soils are well 
drained, deep, low in available nutrients, and have low to 
moderate moisture storage capacity. 

Four recommended pasture grasses, Chloris gayana 
Kunth. var. Ex-Tozi (Rhodes grass), Panicum maximum 
Jacq (Giant panicum), Panicum maximum Jacq. (Local 
panicum) and Cenchrus ciliaris L. (African foxtail ) as 
main plots were planted using 1,2,3,4 and 5 tillers as sub 
plots in the tested sites. The tillers were planted in 60 
plots, each measuring 3 x 2 m and spaced 0.5 x 0.5 m. 

Data on number of plants that survived and forage yield 
were collected at intervals of two months. There were 
nine harvests at Msabaha, eight at Mtwapa and five at 
Bamba during the experiment period. Data on number of 
tillers per bunch was collected at initial forage harvesting 
at Mtwapa. Data on fresh weight of pasture grasses 
were recorded in each plot and 200 g sample was taken, 
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oven dried at 105oC to constant weight and percent dry 
matter calculated. Data on number of surviving plants (a 
maximum of 15) was collected in a net plot of 2.5 m x 
1.5 m. Economic data on land preparation, preparation of 
planting materials, planting and weeding was collected 
based on costs of one hectare. 

Data was analysed using SAS GLM procedure (SAS, 
1997) and means separated using least significant 
difference (LSD). The input cost and saving margin 
(difference between adjacent break evens of the bunch 
sizes of tillers) were calculated for each bunch size of 
tillers based on total costs of different activities carried 
out per hectare. 

Results and Discussion
Giant panicum and Rhodes grass showed similar pattern 
in yield at Msabaha, Mtwapa and Bamba (Figs 1, 2 and 
3). At Msabaha, forage yield of Rhodes grass at first cut 
(8.55 t/ha), Giant panicum (4.99 t/ha) and Local panicum 
(4.09 t/ha) were higher by 22% than other grasses but 
declined rapidly by 37% ( 4.29 t/ha), ( 3.79 t/ha/) and 
3.03 t/ha) at the third harvest respectively (Fig. 1).

and Local panicum at Mtwapa. Decline in forage yields 
could probably be attributed to two months intensity 
of frequent harvestings which resulted to significant 
reduction of number of surviving plants (Figs 4 and 5). 
Results indicated that Giant panicum did not survive 
well at Bamba in the CL5 compared to Mtwapa in the 
CL3 and Msabaha in the CL4 where growth conditions 
were favourable. In Botswana, Aganga and Tshwenyani 
(2004) reported that Giant Panicum was tolerant of shade 
and fire but not severe drought. Rhodes grass and Local 
panicum could be suitable grasses for CL5 because of 
their ability  to produce high forage dry matter yields.

Survival rates of pasture grasses were significantly 
(p<0.05) affected by type of grass species. Rhodes grass 
maintained higher number of surviving plants (8 plants) 
than Giant panicum (5 plants) across seasons at Msabaha. 
However, number of surviving plants of Rhodes grass (9 
plants) and Local panicum (7 plants) at initial harvest, 
declined rapidly to 7 and 5 plants respectively by last 
harvests (Fig. 4). Similar pattern in plant reduction was 
observed for Rhodes grass, Giant panicum and local 
panicum at Mtwapa (Fig. 5).

Fig. 1. Forage DM yield of grass species by harvest at Msabaha

Average forage yield of Rhodes grass (1.64 t/ha) was 
significantly (p<0.05) higher than Giant panicum (0.42 
t/ha) at Bamba. Initial forage yields of Rhodes grass (2.79 
t/ha/) and Local panicum (2.35 t/ha/) declined by 65% to 
(0.81 t/ha ) and ( 086 t/ha/) respectively (Fig. 3). 

It was observed that Rhodes grass declined in forage 
yields in all sites, Giant panicum at Msabaha and Mtwapa 

Various types of pasture/fodder grasses were successfully 
established using different bunches of tillers per hole 
ranging from one, two or three (Orodho et al., 2006, 
Njarui, et al., 2007 and Chaipattana Network Webmaster, 
1996). The reported study showed that planting three 
tillers and above gave 32% more number of surviving 
plants compared to bunches of two tillers or less (Figs 6 
and 7). 

ALI RAMADHAN, NJUNIE  AND LEWA
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Fig. 2. Forage DM yield of grass species by harvest at Mtwapa

Fig 3. Forage DM yield of grass species by harvest at Bamba

Fig. 4. Plant counts of grass species by period of harvest at Msabaha

Seasonal dry matter productivity of pastures as affected by grass species and type of planting in coastal Kenya
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Fig 5. Plant counts of grass species by period of harvest at Mtwapa

 

Fig 3. Forage DM yield of grass species by harvest at Bamba 

 
 

Rhodes grass produced significantly 43% higher (p<0.05) 
tiller numbers of planting material than other grasses. 
While Local panicum and Giant panicum produced 
higher numbers of tillers (p<0.05) of planting material 

than African fox tail (Table 1). The bunch size had 
no significant effect (p>0.05) on the number of tillers 
produced.

Cost for land preparation, planting and weeding were 
same except for digging out splitting tillers (Table 2). The 
latter led to variation in variable costs. Breakeven costs 
reduced from KES 0.81 to 0.43 as bunch number of tillers 
per hole increased. In this study the bunch size of two 
tillers per hole or higher maintained greater number of 
surviving plants of pasture grasses. 

However a bunch of three tillers per hole is suggested to 
be suitable as planting more than three tillers would lead 
to incurring more total variable costs and reduction of the 
savings margin.

Conclusion and Recommendations
Rhodes grass and Giant panicum could best be used for 
cut and carry feeding system as their rates of survival 

Table 1. Number of tillers per hectare of the grass 
species and bunch tiller sizes recorded during first 
harvest after establishment at Mtwapa
Grass species   Number (106)of tillers 
 Rhodes grass   3,555a
 Local panicum   2,292b
 Giant panicum    1,910b
 African fox tail    541c
LSD    1,072
Bunch tiller size  
5   2,145a
4    2,308a
3    2,287a
2    1,883a
1    1,751a
LSD     792
CV    37

ALI RAMADHAN, NJUNIE  AND LEWA

Table 2. Cost of production, break even cost and saving margin per hectare of different bunch sizes of number of 
tillers planted per hole for all activities at establishment
Activities     Unit Unit costs Tiller –bunch size
          One Two Three Four Five
       Total cost (KES)
Land Preparation ha    1  5,000  5,000 5,000 5,000 5,000 5,000
Dig out and prepare splits (Man days)  66  200  13,200 26,400 39,600 52,800 66,000
Planting (man days)    25  200  5,000 5,000 5,000 5,000 5,000
Weeding (man days)    45  200  9,000 9,000 9,000 9,000 9,000
Total variable costs     - -  32,200 45,400 58,600 71,800 85,000
Total number of tillers    - -  40,000 80000 120000 160000 200,000
Break even cost     - -  0.81 0.57 0.49 0.45 0.43
Saving margin     - -  - 0.24 0.08 .0.04 0.02
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Fig. 6. Number of plant counts of tiller bunch size at Mtwapa
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Fig. 7. Number of plant counts of tiller bunch size at Msabaha
Tiller bunch size

were very much affected at early stage by harvesting 
frequency. African fox tail is suggested for grazing, 
especially in arid and semi arid areas because of its 
ability to withstand frequent harvesting, drought and long 
term forage dry matter productivity. The use of small 
bunches of tillers in pasture grass establishment could 
contribute to reduced costs and high fodder production 
of promising grasses in different agro-ecological zones. 
Cost of pasture establishment may be reduced by 18% 
by planting bunch size of three tillers per hole instead 
of five tillers. Based on dry matter yield assessment, an 
optimum bunch size of three tillers could be used for 
establishing Giant panicum in CL3 and CL4 sites. In 

ASAL where drought is severe, African foxtail, Rhodes 
grass and Local panicum could be planted using bunch 
size of three tillers and above. Considering the high cost 
of planting materials preparation when using root splits, 
Rhodes grass and African foxtail can be established with 
ease using their viable seed as also reported by Bogdan 
(1977). The use of root splits for pasture establishment 
is recommended for Local and Giant Panicum grasses 
that do not produce viable seed in coastal Kenya. Rhodes 
grass and African foxtail, though best established using 
seed were also successfully established using root splits. 
The optimum bunch size of three tillers per hole based on 
plant survival after planting is hereby recommended. 

Seasonal dry matter productivity of pastures as affected by grass species and type of planting in coastal Kenya
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Abstract
The utilization of bitter lupin as feed for livestock is limited by occurrence of bitter alkaloids. To address this 
constraint, sweet lupin varieties with lower levels of alkaloids were introduced to Kenya from Australia but their 
adaptability to several agro ecological zones in Kenya is not known. The objective of this study was to compare the 
adaptability (herbage and seed yield, chemical composition) and biological nitrogen fixing potential of sweet lupin 
varieties to bitter lupin varieties in three agro ecological zones of Kenya. Five lupin varieties (currently grown bitter 
lupin and four sweet lupin varieties) namely Lupinus albus var ultra (bitter lupin), Lupinus albus var Kiev mutant, 
L. anguistifolius var 28324, L. anguistifolius var 28137 and L. anguistifolius var 26974 were tested in a randomized 
complete block design replicated four times in Kitale, Trans Nzoia county (UM4 ), Kaptagat, Uasin Gishu county 
(LH3-4) and 10 times in Oljororok, Nyandarua County (UH). Results showed that the narrow leaved sweet lupin 
varieties were early maturing and shorter in height compared to bitter lupin variety. At maturity, the number of pod 
bearing branches and pods per plant in sweet lupin varieties was comparable to bitter lupin variety irrespective of 
the site. However, significant higher number of pod bearing branches per plant and grain yield occurred in the LH3-
4 compared to UM4 and UH3 agro ecological zones which gave comparable grain yields irrespective of the lupin 
varieties. Lupin grain yield differed significantly between the varieties in UH3 (Nyandarua) agro ecological zone 
while in LH3-4 and UM4 agro ecological zones, grain yield from bitter and sweet lupin varieties were comparable. 
Among the sweet lupin varieties, L. anguistifolius var 26974 produced the highest grain yield in UM4 and LH3-4 agro 
ecological zones which was 87% and 128% respectively of the grain yield obtained from commonly used bitter lupin 
variety. The warmer UM4 zone had high incidences of pests and diseases compared to the cooler LH3-4 (Kaptagat) 
and UH3 (Nyandarua) agro ecological zones. This study demonstrated that the sweet lupin varieties were well adapted 
to the higher altitude than medium altitude regions and there is great potential for the utilization of sweet lupin 
varieties as a livestock feed supplement in both higher and medium altitude regions. 

Introduction
Dairy is one of the most important livestock product 
value chains in East Africa. The major constraints that 
limit smallholder dairy production along the dairy value 
chain include inadequate quantity and quality feed 
resources for different agro-ecological zones, poor crop-
livestock integration, poor packaging and dissemination 
of technologies and high cost of commercial feeds 
(Omore et al., 1996). Despite the importance of forage 
legumes in most production systems, the use of these 
legumes particularly for animal production in smallholder 
farms in Kenya is still limited. This may be attributed 
partly to lack of legumes that fit into the subsistence 
based farming systems, low production due to low 
soil fertility and lack of awareness by the farmers on 
the potential of these legumes in addition to the socio-
economic constraints such as lack of seeds and high 
establishment costs. 

Lupin is rated as being among eight potential sources 

of plant protein for the production of feeds and foods 
(Dijkstra et al., 2003). The seeds of sweet lupin cultivars 
(Lupinus albus, L. angustifolius, L. luteus) contain 28 
to 48% crude protein in dry matter depending on lupin 
cultivar and climatic conditions (Sousa et al., 1996; 
Linnemann and Dijkstra, 2002). However, one of the 
main constraints in the utilization of lupins as food and 
feed is the occurrence of bitter alkaloids (i.e. lupanine 
and 13-hydroxylupanine) in the seeds in concentrations 
ranging from 0.2 to 30 g/kg that can cause toxicity, 
reduce digestibility and intake (Jimenez et al., 2001). 
Since 1960s, interest in lupin as a protein and oil source 
for humans and animals has increased. The development 
of a low alkaloid species with less than 0.5 g/kg alkaloid 
concentration has enhanced lupin utilization for human 
and feedstock (Gladstones, 1970). Sweet lupin cultivars 
were introduced from Australia as part of the forage 
germplasm introduction and evaluation of the pasture/
fodder Research Programme at Kenya Agricultural 
Research Institute (KARI) - Kitale but their adaptability 
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to other agro ecological zones has received less attention.
In Kenya, nitrogen (N) and phosphorus (P) are limiting 
nutrients and the major cause for poor crop yields 
(Okalebo et al., 2006). The use of inorganic N fertilizer 
has contributed enormously to the productivity of 
20th Century agriculture, but has also been linked to 
environmental pollution (Drinkwater et al., 1998) and 
is likely to become increasingly expensive due to the 
energy intensity of its production. In Australia, the benefit 
of lupins in crop rotations has long been recognized due 
largely to the significant quantities of N fixed (Herridge 
and Doyle, 1988), their high phosphate-mobilizing 
efficiency (Dinkelaker et al. 1989) and their deep root 
system that explore a large soil volume (Römer, 2007, 
Stelzner and Merbach, 1978).

 However, in Kenya the potential of lupin in supplying 
N is not well understood. The objective of this study was 
therefore to compare the adaptability (herbage and seed 
yield, chemical composition) and biological N fixing 
potential of four sweet lupin varieties to the commonly 
grown bitter lupin variety in three agro ecological zones 
of Kenya. This paper reports preliminary results on 
herbage and seed yield production. 

Materials and methods
Study sites
The study was conducted in three agro ecological zones 
located in Kitale, Trans Nzoia county (UM4), Kaptagat, 
Uasin Gishu county (LH3-4) and Oljororok, Nyandarua 
county (UH3). UM4 is a sunflower-maize zone located at 
an altitude range of 1600-2000m with an annual average 
rainfall of 950-1600 mm. LH3-4 is a cattle-sheep-barley 
zone located at altitude of 1900-2200m with an annual 
average rainfall of 900-1100mm. UH3 is a wheat-barley 
zone located at altitude of 2130-2200 m with an annual 
average rainfall of 900-1050 mm. While most of the soils 
in Trans Nzoia are Acrisols with medium fertility, neutral 
acidity (pH approx 6.0) and weak structure, soils in Uasin 
Gishu are majorly Ferralsols with high acidity (soil pH 
approx 4.5), high P sorption capacity, low soil fertility 
and stable macro structure. Soils in Oljororok are majorly 
Phaeozems with very high fertility. Before planting, soil 
(0-15 cm) was collected from the experimental sites for 
laboratory analysis of selected physical and chemical 
properties according to procedures outlined by Okalebo et 
al. (2002).

Treatments and trial management
The treatments included one currently grown bitter 

lupin and four sweet lupin varieties namely Lupinus 
albus var ultra (bitter lupin), L. albus var Kiev mutant, 
L. anguistifolius var 28324, L. anguistifolius var 28137 
and L. anguistifolius var 26974. On station trials were 
established in KARI Kitale, Trans Nzoia Count, and 
KARI- Oljororok, Nyandarua County. In addition, on 
farm trials were planted in Kaptagat, Uasin Gishu County 
and Oljororok, Nyandarua County. The treatments were 
fully randomized in plot size of 5 x 6 m. Phosphorus 
was applied at planting as Diammonium phosphate 
(DAP) at a rate of 26 kg P/ha. Lupin seeds were sown 
at a recommended spacing of 50cm x 30cm spacing at 
a rate of 3 seeds per hole which were later thinned to 
2 seedlings per hole. All the recommended agronomic 
practices were employed throughout the growing season.

Data collection and statistical analysis
During 50% flowering and poding stage, height, pest and 
disease incidences and lodging effects were evaluated 
from the whole plot using a scale of 1-5 (Table 1). At 
maturity, the number of pod bearing branches and pod 
number per plant were determined from five randomly 
chosen plants. The herbage and grain yields were 
determined from the net plot measuring 11.7 m2 in UM4 
and LH3-4 agro ecological zones and 30 m2 in UH3 agro 
ecological zone. Sub samples of the plant biomass and 
pods were collected, oven dried for conversion of fresh 
yields to DM yields. The generated data was subjected 
to analysis of variance (ANOVA) using a mixed linear 
model (MIXED procedure, SAS Institute Inc., 2003). 
Means were separated by standard error of difference 
(SED).

Results
Physiological development of bitter and sweet lupin 
varieties 
Table 2 present the crop height, pest and disease 
incidence and lodging effect in UM4 (Kitale) and LH3-
4 (Kaptagat) agro ecological zones. Pest and disease 
incidence in all the varieties did not differ significantly 
irrespective of agro ecological zones. Agro ecological 
zones had a significant effect on pest and disease 
incidence. In LH3-4 (Kaptagat) zone, pest and disease 
incidence was significantly lower with less than 10 % of 
the total plant population being attacked compared to 25-
50% in UM4 (Kitale) zone irrespective of varieties. The 
major pests included cut worms, potato leafhopper, plant 
bugs and blister beetles which were mainly observed in 
narrow leaved sweet lupin varieties. Bacterial wilt and 
root rot diseases were also observed in both bitter and 
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sweet lupin varieties. There was significant interaction 
effect between agro ecological zones and varieties. In 
LH3-4 (Kaptagat) agro ecological zone, L. anguistifolius 
var 28137 and L. anguistifolius var 26974 had 
significant lower incidence of pest and disease incidence 
compared to bitter lupin variety while in UM4 (Kitale) 
agro ecological zone all the sweet lupin varieties had 
significant higher incidence of pest and disease incidence 
compared to bitter lupin variety.

(9 PBB/plant) and PN per plant (51 pods/plant) occurred 
in L. anguistifolius var 28324 while bitter lupin and L. 
anguistifolius var 28137 gave the lowest PBB (6 PBB/
plant) and PN (35 PN/plant) respectively irrespective of 
agro ecological zone. Significant higher number of pod 
bearing branches per plant occurred in LH3-4 (Kaptagat) 
agro ecological zone but pod number per plant did 
not vary significantly between agro ecological zones 
irrespective of the lupin varieties. There was significant 

Narrow leaved sweet lupin varieties were early maturing 
and flowered earlier than bitter lupin variety. All the 
sweet lupin varieties were significantly shorter relative 
to bitter lupin variety (Table 1). Ago ecological zone had 
a significant effect on height. At flowering stage, lupin 
varieties were significantly taller in UM4 (Kitale) agro 
ecological zone compared to LH3-4 (Kaptagat) agro 
ecological zone. Table 3 present the pod bearing branches 
(PBB) and pod number (PN) in bitter and sweet lupin 
varieties in LH3-4 and UM4 agro ecological zones. The 
numbers of pod bearing branches and pods per plant 
were comparable for all the lupin varieties irrespective 
of the agro ecological zone. The highest PBB per plant 

Table 1. Ranking of pest and disease incidence and lodging effect
Fixed criteria   Scores
    1  2   3  4  5
Pest and disease incidence Very high  High    Average  Low   Very low  
     (100%)    (75% affected)   (50%)   (25%)   (<10%)
Lodging   Very high  High   Average  Low   Very low  
     (100%)  (75% affected)   (50%)   (25%)   (<10%)

Table 2. Height, pest and disease incidence and lodging effect in bitter and sweet lupin varieties in UM4 and LH3-4 
agro ecological zones
   Height  Pest and diseases     Lodging
    Sites
   Kaptagat  Kitale  Mean Kaptagat  Kitale  Mean Kaptagat     Kitale     Mean
Varieties  (LH3-4) (UM4)  (LH3-4) (UM4)   (LH3-4)     (UM4)
Bitter lupin  70.8  89.3 80.0 4.50  4.0 4.3 5.0        5.0  5.0
Var 28137  60.0  72.0 66.0 5.00  3.0 4.0 5.0        4.8  4.9
Var 28324  60.5  61.0 60.8 4.75  3.0 3.9 5.0        4.8  4.9
Var 26974  63.0  71.8 67.4 5.00  3.0 4.0 5.0        4.3  4.6
Kiev mutant  60.8  62.8 61.8 4.50  3.8 4.1 5.0        4.5  4.8
Mean   63  71.4 7 4.8  3.4 4.1 5.0        4.7  4.84
SED varieties  6.082    Ns    ns
SEDsites  3.847    0.105    0.098
SED varieties*sites Ns    0.235    ns
P (0.05) varieties 0.028    Ns    ns
P (0.05) sites  0.039    <0.0001   0.001
P (0.05) varieties*sites Ns    <0.0001   ns

interaction effect between agro ecological zone and 
varieties. In UM4 (Kitale) agro ecological zone, bitter 
lupin significantly increased pod number per plant above 
Kiev mutant while in LH3-4 (Kaptagat) agro ecological 
zone , L. anguistifolius var 28324 and Kiev mutant 
significantly increased pod number per plant above L. 
anguistifolius var 28137. 

Grain yield of bitter and sweet lupin varieties in three 
agro ecological zones
Grain yield from bitter and sweet lupin varieties in 
three (LH3-4, UM4 and UH3) agro ecological zones 
is presented in Fig 1. Lupin grain yield differed 
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Table 3. Number of pods and pod bearing branches per plant for bitter and sweet lupin varieties in LH3-4 (Kaptagat) 
and UM4 (Kitale) agro ecological zones
Varieties   Pod bearing branches/plant   Pod number/plant
    Site       Site
   Kaptagat LH3-4   Kitale UM4 Mean  Kaptagat LH3-4   Kitale UM4 Mean
Bitter lupin   6  7 7  39  50  44
Var 28137   7  7 7  26  43  35
Var 28324   10  8 9  62  40  51
Var 26974   8  7 7  40  37  39
Kiev mutant   10  3 7  73  19  46
Mean    8  6 7  48  38  43
SED varieties   Ns     ns
SEDsites   0.85     ns
SED varieties*sites  Ns     18.26
P (0.05) varieties  0.339     0.636
P (0.05)sites   0.021     0.191
P (0.05) varieties*sites  0.08     0.053

significantly between the varieties in UH3 (Nyandarua) 
agro ecological zones while in LH3-4 and UM4 agro 
ecological zones, grain yield from bitter and sweet 
lupin varieties were comparable. In UH3 (Nyandarua) 
agro ecological zone, var. 28324 and var 26974 gave 
significant lower yield compared to the bitter lupin 
variety while var. 28137, Kiev mutant and bitter 
Lupin gave comparable yields. LH3-4 (Kaptagat) agro 
ecological zone produced significant higher lupin grain 
yield compared to UM4 (Kitale) and UH3 (Nyandarua) 
agro ecological zones which gave comparable grain yield 

irrespective of the varieties. Lupin grain yield from all 
the varieties ranged from between 1.37 to 2.16 t/ha, 1.61 
to 3.64 and 0.61 to 2.56 t/ha in UM4 (Kitale), LH3-4 
(Kaptagat) and UH3 (Nyadarua) agro ecological zones. 
Among the sweet lupin varieties, L. anguistifolius var 
26974 produced the highest grain yield in UM4 and 
LH3-4 agro ecological zones which was 87% and 128% 
respectively of the grain yield obtained from commonly 
used bitter lupin variey. In UH3 (Nyandarua) agro 
ecological zone, L. anguistifolius var 28137 gave the 
highest grain yield which was 87% of yield obtained from 
bitter lupin variety. 

Fig 1: Lupin grain yield (t ha-1) from bitter and sweet lupin varieties during year 2012 in UM4 (Kitale), LH3-4 (Kaptagat) and UH3 
(Nyandarua) agro ecological zones
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Biomass yield of bitter and sweet lupin varieties in 
UM4 and LH3-4 agro ecological zones
Figure 2 presents biomass yield from bitter and sweet 
lupin varieties in UM4 (Kitale) and LH3-4 (Kaptagat) 
agro ecological zones. Both bitter and sweet lupin 
varieties gave comparable biomass yield irrespective of 
agro ecological zones and only agro ecological zones 
had a significant effect on biomass production. Lupinus. 
anguistifolius var 26974 and L. anguistifolius var 28137 
produced the highest yields in LH3-4 (Kaptagat) and 
UM4 (Kitale) agro ecological zones respectively which 
was 92 and 75% respectively of biomass yields obtained 
from bitter lupin variety. Significant high biomass yield 
was obtained in UM4 (Kitale) agro ecological zone which 
was twofold biomass yield produced in LH3-4 (Kaptagat) 
agro ecological zone. 

and UH3 agro ecological zones. This possibly is because 
LH3-4 agro ecological zone is wetter compared to UM4 
and UH3 agro ecological zones which favored the growth 
of lupin. Further, pest and disease incidence were less 
prominent in LH3-4 agro ecological zone although water 
logging was observed during the wet period. This support 
the results obtained by Heath et al. (1975) and Muyekho 
(1987) who reported that lupines performed very well in 
high altitude and cool weather. Low lupin grain yield in 
UM4 agro ecological zone was attributed to two factors; 
i) lupin varieties produced high biomass at the expense 
of grain yield and ii) immediately after germination, 
sweet lupin varieties suffered from root rot while at 
maturity bacterial wilt and pests adversely affected the 
lupin varieties. In LH3-4 and UM4 agro ecological zones, 
grain yield from bitter and sweet lupin varieties were 

Production potential of sweet lupin varieties in three agro ecological zones of North Rift and Central Kenya

Fig 2. Lupin trash yield (t/ha) from bitter and sweet lupin varieties during year 2012 in UM4 and LH3-4 agro ecological zones

Discussion
Results showed that although bitter lupin was a high 
yielder, sweet lupin varieties were early maturing and 
relatively shorter in height compared to bitter lupin. The 
most promising sweet lupin varieties took on average 
4 months to mature while bitter lupin variety took on 
average 5-6 months to mature. The study area has one 
and long cropping season and this implies that sweet 
lupin varieties can be grown twice annually with minimal 
risk of crop failure due to drought.
 
The high altitude region (LH3-4) was shown to be the 
most promising agro ecological zone for growing both 
the bitter and sweet lupin varieties compared to UM4 

comparable. This means that there is great potential for 
the utilization of sweet lupin varieties as a livestock feed 
supplement in these agro ecological zones. 

Conclusion
The most promising lupin variety among the improved 
varieties was L. anguistifolia 26974 in LH3-4 and UM4 
agro ecological zones and L. anguistifolia 28137 in 
UH3 agro ecological zone. LH3-4 agro ecological zone 
provided the most favorable environment for the growth 
of both bitter and sweet lupin varieties which gave 
comparable grain yields. This work is however ongoing 
to validate the first season results and determine the 
chemical composition and biological N fixing potential of 
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the tested lupin varieties.
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Abstract
Use of legumes to supplement cattle diets and at the same time improve soil nitrogen (N) levels in the soil has 
continued to receive attention from livestock scientists, particularly in the tropics where low quality roughages form 
the bulk of the feed. However, fodder legume yields are on decline due to low inherent soil infertility in many Kenyan 
soils. Several studies have reported increased yield and biological N fixation upon inoculation and phosphorus 
(P) applications but limited information on lupin exist in Kenya. The effects of P fertilizer and Bradyrhizobium 
inoculation on nodulation and yield of two sweet lupins were investigated in field trials in a lower highland (LH), 
Upper highland (UH) and upper midland (UM) zones of Kenya. The trial was laid in a split plot design with two 
varieties (broad leaved Lupinus albus L. Var. Kiev mutant and narrow leaved L. angustifolius ) as main plot and the 
soil fertility management strategies (negative control, rhizobia inoculation (Biofix®), triple super phosphate (TSP) 
and TSP + Biofix®) as sub plots replicated four times. In the LH site (with no background Bradyrhizobium lupini 
population), rhizobia inoculation increased (p≤0.05) nodulation in the narrow leaved but not in the broad leaved 
–variety. Inoculated treatments had between 78-100% effective nodules in narrow leaved compared to between 33 to 
47% effectiveness in broad leaved variety. Phosphorus response to grain yield was noted in the low P site at the UM 
zone in the narrow leaved variety but no significant response to P application occurred in the broad leaved variety. 
Grain yields from both varieties were twice higher in the LH and UH zones compared to the UM zone, showing that 
the cooler zones would be more suitable for lupin production. Generally, broad leaved lupin was found to be more P 
efficient and promiscuous than the narrow leaved. For farmers with low resource endowment, broad leaved variety 
would be a cheaper alternative. More work need to be done to assess the contribution of lupin to soil N and P balances 
in these N and P deficient soils. 

Introduction
Pasture and crop legumes for animal production have 
been grown extensively in diverse soils of Kenya. 
However most of these agricultural soils are mainly 
constrained by their ability to sustain productive farming 
systems due to factors associated with low soil fertility 
and acidity, with nitrogen (N) and phosphorus (P) 
being the most limiting elements.  These factors can 
have negative impacts on legume-rhizobium symbiotic 
relationship, reducing the ability of rhizobia to form 
nodules with optimal N2-fixing capacity, thus impeding 
the important contribution of legumes to productivity of 
integrated crop-livestock agricultural systems.  These 
variation in soil conditions results to considerable 
variation in the soil populations of Rhizobium spp, with 
the range varying from less than 10 to in excess of 106 
 bacteria g/m soil (Slattery and Pearce, 2002). Lupinus 
angustifolius L. (narrow leafed lupin) and L. albus 
(broad leafed lupin) are important pasture legumes in 
agricultural land use systems (Römer, 2007). Due to 
its biological N2 fixing (BNF) ability, high phosphate 
mobilizing efficiency (Dinkelaker et al., 1989) and deep 

root system, lupin has been reported to improve soil 
fertility (Römer, 2007). Lupin seeds are good animal 
feeds due to their high protein and contents compared 
to other forage grain legumes (Merbach, 1985; Römer, 
2007), but the yield of lupin is generally low due to low 
soil N and P levels in most Kenyan soils. 

To realize optimal yields, optimization of the BNF ability 
of lupin is essential, since N acts as a basic nutrient of 
seed protein and therefore affects the yield amounts 
and quality. Lupin is nodulated by Bradyrhizobium 
lupini and forms effective nodules, capable of fixing 
nitrogen.  However, where Rhizobium populations are 
low, the introduction of new strains by seed inoculation is 
normally successful. On the other hand, inoculation into 
soils where naturalized rhizobial populations are high, 
can be difficult and often unsuccessful (Brockwell et al., 
1995; Muyekho, 1987). Comparative studies to assess 
the efficiency of lupin varieties to BNF in diverse soil 
conditions and to ascertain the promiscuity of the sweet 
lupin varieties have not been conducted in Kenyan soils.  
Symbiotic N2 fixation has a high P demands because 
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the process consumes large amounts of energy (Schulze 
et al., 1999) and energy generating metabolism strongly 
depends upon availability of P (Plaxton, 2004). 

Though several workers have shown the ability of lupin 
(especially broad leafed lupin) to mobilize P in sparingly 
soluble rock phosphates and P deficient soils (Lamont, 
2003; Neumann et al., 1999), other studies have reported 
contradictory results. For instance, Kusewa et al. (1980) 
reported high nodulation but no response to P in a study 
with different rates of P fertilizer and inoculation of lupin. 
A study by Weisskopf et al., (2009) in western Kenya 
showed no improvement of soil N and P but proposed 
that positive effect of lupin on pools of available N 
and P could be obtained in a longer term or in N and P 
poor soils.  Despite variable results in this area, most 
studies have shown that a certain internal threshold 
of P concentration in lupin plants is required for lupin 
plants to continue optimal N2 fixation and physiological 
function (Schulze et al., 2006).  This study aimed at 
evaluating the effect of TSP and rhizobia inoculation on 
nodulation, and yield of broad and narrow leafed lupin 
varieties in three agro-ecological zones of Kenya.  

Materials and methods
The study was conducted in North Rift and Central 
Kenya in three agro ecological zones: upper midland 4 
-UM4 (maize-sunflower zone), lower highland -LH3-4 
(wheat-maize-barley zone) and upper highland- UH2 
(pyrethrum-wheat zone) located in KARI-Kitale (Trans 
Nzoia County), Kaptagat (Uasin Gishu County) and 
Oljororok (Nyandarua County), respectively. The trials 
were researcher managed in both on-station (KARI 
–Kitale and KARI-Oljororok) and on farm (Uasin Gishu).  
The trial was laid in a split plot design consisting of two 
varieties (Lupinus albus L. var Kiev mutant-  broad leafed 
and L. anguistifolius Var 28137- a narrow leafed variety) 
in the main plot and soil fertility management strategies 
in sub plot. The four soil fertility strategies were: (1) 
Negative control (no fertilizer or rhizobial inoculation) 
(ii) Rhizobial inoculation with Biofix®- containing 
Bradyrhizobium lupini (iii) TSP at 13 kg P2O5/ha (iv) TSP 
at 13 kg P2O5/ha and inoculation with Biofix® (MEA, 
Kenya Ltd.).

Treatments were fully randomized in each site and 
replicated four times in plot sizes of 4.5 m x 5 m. Lupin 
seeds were sown at 50 cm x 30 cm spacing in which three 
seeds were sown per hole and later thinned to one seed. 
All the agronomic practices were employed throughout 

the growing season. Nodule assessment was done at 
50% podding. The sampling was done in 0.5 m2 section 
starting from a random corner within the net plot. After 
carefully digging out the roots, nodules were enumerated 
and assessed for pigmentation of effective nodules (pink 
coloration) on the crown and lateral roots (Slattery and 
Pearce, 2002).  At harvest, biomass and grain yields were 
determined in the net plot (16 m2) for calculation of grain 
production per ha. The generated data was subjected 
to analysis of variance (ANOVA) of split plot designs 
using a mixed linear model (SAS, 2006). Means were 
separeated using the standard error of difference (SED).

Results
Nodulation
Fig 1 shows the effect of P fertilizer and Biofix® 
inoculation on nodule effectiveness in KARI-Oljororok, 
KARI- Kitale and Kaptagat. The highest nodule 
effectiveness occurred in KARI-Oljororok. Generally, 
significant responses (p≤0.05) to inoculation were noted 
in Kaptagat, but no Biofix effect was recorded in either 
KARI-Oljororok or Kitale. In Kaptagat, nodulation was 
significantly higher (p≤0.05) in treatments where Biofix® 
was inoculated on narrow leafed lupin. A 100% of narrow 
leafed lupin nodules in inoculated treatments showed 
effectiveness in BNF (p≤0.05). However, regardless of 
the treatments, all broad leafed lupin plots nodulated and 
had only 24-47% nodule effectiveness. No significant 
P fertilizer effect on nodulation was noted regardless 
of the varieties probably because the Kaptagat site had 
sufficient P but was more deficient in N.

Plant growth and development
No difference (p>0.05) in growth was noted in the broad 
leafed lupin regardless of P application in the cooler 
Kaptagat site. Narrow leafed lupin produced more leaves, 
flowered earlier and had higher number of pods and pod 
bearing branches in TSP plots with or without inoculation 
(Table 1) especially in the Kitale site. 

Discoloration and necrosis appeared on the older leaves 
of narrow leafed lupin plants in KARI-Kitale and 
Kaptagat on plots receiving no P and without Biofix® 
inoculation. These symptoms were similar to those of N 
and P deficiency as described by Snowball and Robson 
(1986). None of these symptoms were noted in broad 
leafed lupin plots with or without inoculation and TSP 
application. Narrow leafed lupin plants with TSP and 
inoculation had high growth vigor with no symptoms of 
N and P deficiency. 

NDUNG’U-MAGIROI, NYAMBATI, KOECH, AYAKO, WANYAMA  AND LUSWETI
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Where: ns- no significant difference SED- standard error 
of difference
High pest and disease incidences were prevalent in the 
warmer KARI-Kitale site but none was noted in the 
cooler Kaptagat and KARI-Oljororok sites. Narrow 
leafed lupin plants in KARI-Kitale were mainly prone 
to cut worms, potato leafhopper, plant bugs and blister 
beetles at different stages of growth. Bacterial wilt was 
the main disease noted and it caused economic yield 
losses in narrow leafed lupin. Due to the high rainfall 
incidences experienced during the cropping season, some 
plots were waterlogged leading to stunted growth and 
very low yields. 

Biomass and grain yield parameters
In KARI-Kitale, the number of pods per plant was 
significantly higher (p=0.05) in narrow leafed lupin than 
in broad leafed lupin varieties (Table 1). No significant 
(p=0.193) inoculation effect was noted in both varieties 
but generally addition of  TSP together with Biofix® 
produced six times more narrow leafed lupin pods 
than the control. Significantly higher (p ≤0.05) number 
of broad leafed lupin pods/plant (Table 1) and grain 
yields (Fig. 2) were noted in the Kaptagat compared 

to KARI-Kitale (Table 1). In KARI-Kitale, number of 
pods per plant and branches bearing pods did not differ 
significantly according to varieties, P application or 
rhizobium inoculation.

The highest lupin grain yields occurred in TSP plots but 
no significant (p=0.817) inoculation effect was noted in 
KARI-Kitale (Fig 2). This site had previous history of 
lupin production therefore; there may have been natural 
populations of Bradyrhizobium sp. which were more 
competitive than the introduced strains from commercial 
Biofix® inoculant. In this site, narrow leafed lupin 
was more P dependent than broad leafed lupin. The 
application of TSP in narrow leafed lupin gave five times 
more grain yields but an increment of only 300 kg/ha in 
broad leafed lupin compared to the control. The same 
trend was noted in the biomass yields. 

Discussion
Generally, the rate of plant development was faster for 
narrow leafed lupin when P was applied than in control 
and sole Biofix® plots in the three sites. In Kaptagat, 
large to very large nodules, located mainly in the lateral 
roots were noted in the broad leafed lupin even in 

lupin 
(Lupinus 
albus var 
Kiev mutant)

lupin (Lupinus 
anguistifolius 
var 28137)

Table 1. Effect of TSP and Rhizobium inoculation on the yield parameters of broad leafed and narrow leafed lupin varieties in 
KARI-Kitale and Kaptagat during the 2012 season
Variety 
     KARI-Kitale   Kaptagat
               Treatment         No. of pods     No. of branches    Biomass            No. of pods        No. of branches     Biomass
              / plant bearing pods    yield (t/ha)             / plant       bearing pods     yield (t/ha)
Broad leafed       Control                  9          3  3.9  30  5  1.0 
              13 kg/P/ha TSP     17  3  1.8  29  6  1.6 
  Biofix®              11  2  1.7  27  5  2.9
              13 kg/P/ha TSP     12  3  1.7  24  6  2.2
               +Biofix®
  Mean Variety        12.2  2.7  2.3  27.7  5.4  2.0
Narrow leafed  Control  7  2.4  0.7  7  7  0.7
  13 kg P/haTSP 25  15.7  2.0  25  7  0.8
  Biofix®  6  1.7  1.1  6  7  0.6
  13 kg P/haTSP  42  7.6  3.1  42  6  1.5
   +Biofix®
  Mean Variety 20.2  6.8  1.7  20.2  6.7  0.9
   Mean  15.7  4.56  2.03  24.4  6.0  1.5
  SED (variety) 2.422  Ns  ns  ns  Ns  ns
  SED (Pfertilizer) 2.422  2.288  ns  ns  Ns  ns
  SED (Inoculation)  ns  Ns  ns  ns  Ns            0.3417
  P(0.05)Variety  0.045  0.167  0.563  0.721  0.4132              0.203
   P(0.05)Pfertilizer 0.0001  0.050  0.675  0.918  0.9179             0.558
   P(0.05)inoculation 0.193  0.306  0.811  0.541  0.5889              0.050

Nodulation and yield response of selected sweet lupin varieties to phosphorus and Bradyrhizobium inoculation in Kenya
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plots without inoculation. This shows the presence of 
indigenous Bradyrhizobium sp. populations in this soil 
that were able to nodulate this variety, despite having no 
prior cultivation of lupin in this site. It can therefore be 
inferred that this variety could be promiscuous (Singleton 
et al., 1992), but more work needs to be undertaken to 
ascertain the rhizobia strains inoculating this variety in 
different soils. Although high infection rates were noted, 
the broad leafed lupin did not respond to inoculation, 
with only <50% of the nodules showing effectiveness.  In 
Kaptagat, narrow leafed lupin variety had small to large 
nodules that were located mainly in the crown (main) root 
in the inoculated plots, while control and TSP plots had 
no nodules. This shows that this variety could be more 
specific in nodulation and requires external inoculation 
for N nutrition requirements of the plants. Inoculation 
studies have shown that mild P stress does not affect 
nodule growth and N fixation (Schulze et al., 2006) 
and that depending on field history, soil characteristics 
and presence of host plant, there could be background 
Bradyrhizobium lupini able to infect promiscuous legume 
varieties (Slattery and Pearce, 2002). Due to continuous 
lupin production in the KARI-Oljororok site, high 
effectiveness of both narrow and broad leafed lupin were 
noted regardless of the treatments, while in the KARI-
Kitale site with a longer fallow period between the lupin 
crops, the effectiveness was lower. 

Grain and biomass yield increases of up to five times 

the uninoculated control were noted due to inoculation 
with Biofix® in the Kaptagat. Yield increases were 
due to changes in pod number or seed weight. This 
concurs with Ayisi et al. (1992) who showed that 
Bradyrhizobium inoculation increased seed yield two 
to five fold compared to non-inoculated control.  Yield 
increases of up to 60% have been reported elsewhere due 
to inoculation of seed with specific N fixing bacteria for 
lupin (Bradyrhizobium lupini) on fields not previously 
planted with lupin (Ayisi et al., 1992; Putnam et al., 
1989).

Conclusions and Recommendations
The effects of TSP and rhizobia inoculation depended 
on the soil nutrient status, site and the varieties tested. 
Higher number of pods per plant, number of branches 
bearing pods and grain yields were noted in the Kaptagat 
(LH3-4) than the Kitale (UM4) site. In the Kaptagat site 
with moderate P but no history of lupin production, 
inoculation of Biofix® gave the highest grain yields. 
However in the Kitale site, the Broad leafed lupin 
variety was noted to have higher P efficiency than the 
narrow leafed lupin variety. Generally, broad leafed 
lupin was found to be more P efficient and promiscuous 
than narrow leafed lupin. For farmers with low resource 
endowment, broad leafed lupin variety would therefore 
be a cheaper alternative. More work need to be done to 
assess the indigenous rhizobia strains nodulating lupin 
varieties and the contribution of lupin to soil nitrogen (N) 

Fig. 2. Phosphorus and inoculation effect on grain yields at Kaptagat (LH3-4 zone), KARI-Kitale (UM4 zone) and KARI Oljororok (UH2)
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and P balances in these N and P deficient soils.
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Identification of alternative forage legumes for push-pull technology in coastal lowlands 
Kenya
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Abstract 
The coastal region of Kenya has great potential for dairy development, being stimulated by an unsatisfied demand 
for fresh milk and other dairy products from a rapidly growing urban and rural population. Push-pull technology 
has been identified as an effective method of stem-borer moths’ control. It involves intercropping maize with 
desmodium (Desmodium uncinatum) with Napier grass, (Pennisetum purpureum) planted as border around this 
intercrop. However, the recommended forage legumes for coastal lowlands are Clitoria ternatea L., Macroptillium 
atropurpureum (siratro), Lablab purpureus var. Rongai and Mucuna pruriens (Velvet bean). Multi-location on-station 
trials were established at three sites to investigate the effectiveness of the four forage legume species in influencing 
the incidence and severity of stem borers’ infestation on maize and assess forage production from the push-pull 
technology cropping systems. The treatments were sole culture maize with or without pesticide application and maize/ 
different forage legume species. None vs. pesticide application on sole maize plots gave mean number of larvae (4 
vs. 1), mean number of exit holes on maize plant stem (1 vs. 0) and mean tunnel length (43.8 vs. 4.1 mm). Sole maize 
with no pesticide versus maize/forage legumes intercropping systems, with the legume intercropping: mean number of 
exit holes (3 vs. 2) and mean tunnel length (43.8 vs. 20.6 mm). Amongst the four legumes, the intercropping clitoria 
and dolichos with maize resulted in reduced number of larvae, exit holes and tunnel length, an indication of their 
potential use in push-pull technology in coastal lowlands. 

Introduction
Alongside other parts of coastal lowlands in East 
Africa, the coastal region of Kenya has potential for 
dairy development, due to demand for fresh milk and 
other dairy products from a rapidly growing urban and 
rural population. Since 1980, Government of Kenya 
working with community based organizations, and other 
stakeholders have encouraged smallholder farmers 
in the region to keep dairy cows and cultivate fodder. 
The recommended fodder crops include grasses such 
as Pennisetum purpureum (Napier grass) var. Bana 
and Panicum maximum (Guinea grass); tree legumes 
Gliricidia sepium  and Leucaena leucocephala cv. 
K28; herbaceous legumes such as Clitoria ternatea, 
Macroptilium atropurpureum cv. Siratro, Stylosanthes 
spp., Mucuna pruriens and Lablab purpureus cv. 
Rongai (Njunie et al., 1996; Saha et al., 1997).  Despite 
the efforts, adoption of forage legume technology has 
been low (Ramadhan, et al. 2008). Milk production 
in smallholder dairy production systems remains low, 
average 5 kg per cow-1day-1 (Thorpe et al. 1993). This 
is a result of low nutrition status of livestock in the 
region due to inadequate feeds and feeding (Muinga 
et al., 1999). Acreage under cultivated fodder crops is 
low in coastal lowlands Kenya (Ramadhan et al, 2008) 
and natural vegetation are the main source of livestock 
feed. With increased human population and therefore 
clearing of more land for food crops production, a decline 

in availability of natural vegetation as dairy cattle feed 
mainly during the dry season has been reported (Muinga 
et al., 1999). The seasonal feed shortages and inadequate 
nutrient concentrations to support dairy animal 
production could be reversed through integration of food 
and fodder crops farming as in push-pull technology. 
The push-pull technology involves combined use of a 
forage legume intercropped with maize as an expeller 
of stem borer moth (push) and bordering fodder grass 
as an attractant of the moth (pull) (Khan et al, 2007) . 
Plants that have been identified as effective in the stem-
borer control for maize and sorghum are all livestock 
fodder and include Napier grass, Sorghum sudanense 
(Sudan grass) Melinis minutiflora (molasses grass), and 
Desmodium sp. (D. uncinatum and D. intortum) (Khan 
and Pickett, 2004). The fodder crops in the push-pull 
technology contribute to the production of feed of high 
quality, suitable for dairy production. 

Stem borers seriously affect production of maize, Zea 
mays L., in coastal lowland Kenya. The mean grain 
yield of 2.9 t/ha in an infested area, compared to 5.4 
t/ha in protected plots has been recorded in the region, 
representing a yield loss of 53% (Mugo et al., 2006). 
The recommended method for stem borers control is 
application of Beta-Cyfluthrin 0.5g/kg pesticide. The 
pesticide is applied as a pinch into the whorl of the 
plant, which though effective is expensive especially 
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to coastal farmers where the poverty index is high. The 
push-pull technology is an effective method for maize 
stem-borer moths’ control in areas where Desmodium 
grows well (Khan et al., 2005; Njihia et al., 2008)). 
Considering that the recommended herbaceous legumes 
for coastal lowlands dairy production systems do not 
include Desmodium, trials were established to investigate 
the effectiveness of the four productive forage legume 
species in influencing the incidence and severity of stem 
borers’ infestation on maize.

Materials and M ethods
The experiment was conducted for three-seasons in 2011 
and 2012 at Kenya agricultural Research Centers at 
Mtwapa (3o36’S, 39o44’E), Msabaha (3o16’S, 40o03’E) 
and Matuga (4°10’S, 39°34’E). The soils are well 
drained, deep, low in available nutrients, and have low to 
moderate moisture storage capacity. The topsoil texture 
is sandy loam to sandy clay loam with low organic 
matter content. The rainfall pattern in the area is bimodal 
with a long rain season from April to June and a short 
rain season from October to December. The daily mean 
temperatures range from a minimum of 24 - 27oC in May 
to July to a maximum of 30 - 32oC during January to 
April. 

A randomized complete block design (RCBD) was used 
with six treatments: push using four forage legumes 
(clitoria, siratro, mucuna or dolichos), application of 
pesticide (Bulldock: Beta-Cyfluthrin 0.5g/kg) and 
Control, replicated three times.

On-station trials were planted during the long rain (May 
to June) and short rain (October to December) seasons 
of 2011 and 2012 at Mtwapa, Msabaha and Matuga.  
Nine rows of maize variety PH4 were planted in all the 
plots at the spacing of 75 cm between rows and 50 cm 
between plants. The length of the rows was 5m giving 11 
hills of 2 plants per hill. Weed Control was by hand hoe 
at 2-3 weeks after germination and 5-6 weeks later. The 
pesticide application was done in the plot where it was a 
treatment.  Di-ammonium phosphate (DAP) fertilizer was 
applied at 1-2 weeks after germination in holes of 5 cm 
depth and 5 cm away from the plant. Calcium ammonium 
nitrate (CAN) fertilizer was applied in similar way 
but three and six weeks after germination. The control 
treatment had neither legume nor pesticide. 

Mucuna, Dolichos, Siratro and Clitoria were intercropped 
in single rows between two rows of the maize crop. 

Seven legume rows were planted between the maize 
rows for the treatments with a legume. Mucuna and 
Dolichos were planted at an intra-row spacing of 25 
cm between hills as recommended by Saha and Muli, 
2006. As recommended by Ali et al., 1999, planting of 
perennial legumes clitoria and siratro was carried out 
in furrows about 2 cm deep made using a pointed stick. 
Phosphorus was applied at a rate of 20 kg P/ha as triple 
super phosphate (TSP 46% P2O5) before planting. Seeds 
of Clitoria or Siratro were then drilled along the furrows 
at a rate of 7 kg/ha and covered lightly with soil.

Napier grass var. Bana was established at the onset of the 
long rains, using cane cuttings measuring about 30 cm 
long. These were pushed into the soil at an angle of 45o 
to the ground burying two nodes and leaving one above 
the ground, with the nodes pointing upwards. These were 
planted in rows 1 m apart and within row spacing of 50 
cm. Gapping was done as necessary using rooted splits 
removed from intact older plants and placed in holes 
measuring 15 to 20 cm deep. Nitrogen was applied at a 
rate of 26 kg N/ha in the form CAN after the first harvest 
during the long rain season. At least five rows of Napier 
grass were planted around the maize plots so that the two 
outer rows were guard rows.

Data collection
Maize. There was a fortnightly visual observation of 
stalk borer damage on the net plot. The methodology 
used for assessing pest damage was adapted from Mugo 
et al., 2006. The visual damage was rated at the scale 
of 1-9 (clean to the most severe attack or dead heart). 
Destructive sampling was carried out on nine plants 
randomly selected from the six rows on the flank of the 
middle three rows. The borer count of larvae and pupa 
was done regardless of whether it was Busseola fusca 
or Chilo partellus. The number of holes and cumulative 
tunnel length made by the borers in the stems was 
measured until after flowering and when maize was at 
milk stage. At harvest, cob count per net plot was done. 
Field weight of the cobs was also recorded. Shelling 
fraction was determined for every plot and field moisture 
content of the grain recorded to compute the grain yield 
per plot at the accepted 13.5% moisture. 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.
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Napier grass. The frequency of visual scoring and 
destructive sampling for Napier grass was similar to that 
described for the maize crop above. Biomass production 
of the Napier grass was determined by cutting the foliage 
15 cm above the soil surface from net plot dimensions 
of 5 m by 4.5 m at maize crop harvesting stage. All the 
foliage cut from the harvested area was weighed. To 
determine the foliage dry matter, a sample (about 200 g) 
was taken and oven dried at 105oC for at least 48 hr, or to 
constant weight. The foliage fresh weight and foliage dry 
weight were later used to calculate the biomass yield in 
t/ha.

Forage legumes. Data collection of the forage legume 
was carried out at the time of harvest of the maize crop. 
Legume biomass yield was determined by cutting the 
foliage 10 cm above the soil surface from an area 4.7 m 
long by 3 m wide. The procedure for legume foliage dry 
matter determination was similar to that described for 
Napier grass above.

Data analysis
To establish the effectiveness of the legume in pushing 
stem borer, the damage on maize or Napier grass plants 
data were used as dependent variable against the effects 
of site and treatments as independent variables. Yield data 
for maize, legume and Napier grass for each cropping 
system were also analyzed. The general linear procedure 
(SAS, 1997) was used and means separated using least 
significant difference. 

Results and discussion
Visual damage score 
The stem borer infestations on maize and Napier grass 

in the three sites were light (visual score 2). There was 
significant interaction between the crop and the site as 
the maize crop showed higher stem borer infestation (3) 
than Napier grass (2) at Mtwapa and Matuga but not at 
Msabaha (Fig. 1).

The lowest mean damage scores across all sites (2) were 
recorded for treatment where sole maize was planted 
and pesticide used for stem borer control (Table 1). The 
mean damage score was significantly different (P < 
0.05) from the score obtained for the sole maize with no 
pesticide control treatment (3).  It was also observed that 
the presence of the forage legumes Clitoria, Dolichos, 
Mucuna or Siratro as an intercrop with maize resulted in 
reduced damage of maize by the stem borer. There were 
no significant difference (P<0.05) between two of the 
legumes (Clitoria and Siratro) and bulldock application 
in their effectiveness in reducing stem-borer damage on 
maize. 

Destructive samples scores
The maize crop had higher counts of larvae, pupae, 
exit holes and tunnel length measurements than Napier 
grass (Table 1). None vs. pesticide application on sole 
maize plots gave mean number of larvae (4 vs. 1), mean 
number of exit holes on maize plant stem (3 vs. 0) and 
mean tunnel length (43.8 mm vs. 4.1 mm). Compared 
to no pesticide, forage legume intercropping with maize 
led to 13%, 50%, and 53% reduced numbers of larvae, 
exit holes and tunnel lengths, respectively. However, 
there were differences in the legumes’ effectiveness on 
reducing numbers of larvae, exit holes and tunnel lengths.
Intercropping of maize with Clitoria reduced numbers 
of larvae, exit holes and tunnel lengths of 25%, 67% and 
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72%, respectively. Dolichos reduced numbers of larvae, 
exit holes and tunnel lengths by 25%, 67% and 56%.  
Mucuna and Siratro appeared less effective in reducing 
stem borer damage, as the number of larvae, and exit 
holes and tunnel length were reduced by 0%, 33% and 
42%. The number of larvae, exit holes and tunnel length 
were indicators of the influence of different treatments 
on stem borer infestation. Stem borer damage greatly 
reduced maize yield, with tunnel lengths greater than 
20 cm causing a 40 % reduction of yield (Moraa et al., 
2001). There was a 33% yield loss in plants with more 
than one stem borer exit hole. Destructive sampling 
results confirmed that visual observations that indicated 
that the forage legumes tested can be used in reducing 
stem borer infestation.

Yields of Napier grass, maize and forage legumes
The main products from the push-pull technology 
systems were Napier grass and herbaceous legumes 
forage, maize grain and maize stover. The yields of the 
products were influence by different rainfall regimes 
and soils. During the 2011 long rain season, Napier 
grass yields were similar for Mtwapa and Msabaha sites 
(P>0.05) but low at Matuga site (Table 2). However, 
subsequent harvests showed over 100% more Napier 
grass dry matter yields at Mtwapa, compared to the other 
sites. As observed by Njunie and Wagger, 2003, the 
annual and perennial forage legumes intercropped with 
maize exhibited different growth rates. 

Though not measured, field observations showed that 
dolichos and mucuna had high crop vigour after the 

Table 1. Visual pest damage scores destructive sample observations and measurements on maize and or Napier grass 
during 2011 long rain seasons
Pest control method Visual damage score (2011 only)  Mean No.  Mean No.    Mean No.   Mean tunnel  
   (1=light;9=dead heart)    of pupa      of larvae of exit holes length (mm)
Treatment     
Maize /clitoria intercrop    2.3    0  3  1 12.4
Sole maize none   2.8    0  4  3 43.8
Sole maize with bulldock   2.1    0  1  0 4.1
Maize/ dolichos intercrop      2.5    0  3  1 19.2
Maize/ mucuna intercrop      2.4    0  4  2 23.0
Maize/ siratro intercrop            2.3    0  4  2 27.7
Crop effect      
Maize    2.5    0.1  5.8  2.7 42.6
Napier grass   2.3    0  0.4  0.1 0.8
LSD    0.19    0.07  1  1 11.8

Table 2. Forage, maize grain, maize stover yields harvested from push-pull technology trials in coastal lowlands 
during 2011 and 2012 LR and SR seasons
    Legume      Maize stover     Maize grain      Napier grass
 Long rain 2011
Mtwapa   0.7  1.7  2.0  2.9
Msabaha   1.5  1.6  0.7  3.1
Matuga    0.7  0.7  0.3  1.2
LSD    0.39  0.28  0.34  1.00
 Short rains 2011
Mtwapa   0.5  -  -  4.8
Msabaha   0.6  -  -  1.7
Matuga    1.4  -  -  1.6
LSD    0.25  -  -  0.93
 Long rain 2012
Mtwapa   1.0  1.4  0.6  3.5
Msabaha   0.2  0.4  0.2  1.7
Matuga    0.5  0.3  0.3  0.7
LSD    0.2  0.24  0.11  1.21
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planting Past work in the region (Njunie and Wagger, 
2003) showed that establishing maize in the already 
established perennial legume clitoria resulted in 30% 
reduction in maize annual grain yield due to competition 
for moisture by clitoria with the newly established maize 
crop.
Though the perennial legume/maize system would result 
in increased forage for livestock feeding, the reduced 
maize grain yield especially due to Clitoria could deter 
maize farmers from adapting push-pull technology. 

Conclusion
The intercropping of clitoria and dolichos with maize 
with Napier grass planted around the intercrop  resulted 
in most reduced stem-borer damage on maize plants. 
The main products of the push-pull technology cropping 
system included grain maize and maize stover, and forage 
from Napier grass and the legumes, that would contribute 
to provision of quality feed during the cropping season. 

Recommendations
The forage legumes clitoria and dolichos can be 
recommended for maize stem-borer control in coastal 
lowlands. The growing of maize, napier grass and 
forage legume in push-pull technology cropping system 
is recommended to provide grain maize, stover and  
fodder. A study to fine-tune the push-pull technology by 
minimizing competition between the legumes and maize 
is suggested . Farmer field days could be organized at 
the on-station experimental sites as an initial step in 
disseminating the results to stakeholders in the region.
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Abstract
This study was conducted in Koga irrigation Scheme of Mecha district, Ethiopia in 2011 and 2012, since the inception 
of EAAP project.  In this study three varieties of oat, vetch and Napier were evaluated under on-farm condition with 
the objective of evaluating and demonstrating suitable forage species and assessing farmers’ perception on improved 
forage production and utilization. Twelve farmers were selected for this study. Samples of Napier grass were collected 
and analyzed for chemical composition. Oat variety-CI-8235(1041t/ha), Vetch variety-Vicia Dasycarpa (5.14 t/ha) 
and Napier grass accession number-16791(9.09 t/ha) were found be the best in terms of Dry matter Yield (DMY). 
Farmers selected Vicia vilosa from vetch variety and 1786 from Napier grass variety based on their own criteria during 
participatory variety selection. CI-8235, Vicia Vilosa and Accession 16786 were recommended for further scaling up.

Introduction
Ethiopia is believed to have the largest livestock 
population in Africa. The sector has been contributing 
considerable portion to its economy, and still promising 
to rally round its economic development. Amhara Region 
has a total population of 13,766,923 million heads of 
cattle, 8,825,061 million sheep, 5,102,580 million goats, 
2.25 million equines, 0.05 million camels, over 12.36 
million chicken. The sector contributes about 33% of the 
region’s GDP and 15% of its agricultural GDP (CSA, 
2008).

One of the bottlenecks of livestock production in Amhara 
National Regional State (ANRS) is feed shortage in 
quantity and quality. Animals hardly get their nutritional 
requirements and livestock productivity, in terms of meat 
and milk and draft power from oxen. Seasonal variation 
in feed quality and quantity is the main limitation to 
animal production in the region. Crop residues from 
cereals and pasture roughages are the main source of 
forage but these are low in crude protein and have poor 
digestibility. Therefore production of adequate quantities 
of good quality dry season forages to supplement crop 
residues and pasture roughages is the way to overcome 
the dry season constraints affecting livestock production 
in Ethiopia (Alemayehu, 2004).

In this regard, development of improved forages to 
improve animal productivity is crucial.  It is therefore 
with this background that this study was initiated 
in EAAPP project areas with the following specific 
objectives:
• To evaluate and demonstrate suitable forage species that 
do perform well under various biophysical niches

• To assess farmers perception on improved forage 
production and utilization

Materials and Methods
This study was conducted in Koga irrigation Scheme of 
Mecha district, Ethiopia under rain-fed conditions.  In 
this study three varieties of oat, vetch and Napier grass 
were evaluated under on-farm condition. The experiment 
was carried out on 12 farmers’ fields for each forage crop. 
The plot size was 4 × 5 m. The space between blocks 
was 1.5m and between row and plots 1m. For Napier 
grass planting the space between plants were 0.5 m. Row 
planting was used for Napier grass, while, broadcasting 
was done for oat and vetch. The design used was 
randomized complete block design (RCBD) with four 
replications. The treatments consisted of three oat (CI-
8251, CI-8235 and Jassary), three vetches (Vicia villosa, 
Vicia dasycarpa, Vicia atropurpurea) and Napier grass 
varieties and (14984, 16786 and 16791). The seeding rate 
of oats and vetches were 100 and 25 kg/ha, respectively.  
DAP and urea fertilizer were applied at the rate of 100 
kg/ha. Urea was applied for oats in split application at 
planting and after establishment.

Harvesting was done at 50% flowering for oats and vetch. 
Half plot was harvested and sample of one kilogramme 
was taken for DMY determination. Forage samples were 
taken from half part of the plot harvested at maturity 
at 10 cm above the ground and air dried for dry matter 
determination. Chemical composition analysis was only 
done for Napier grass varieties as there are similar works 
for oat and vetch forage crops.  The data were analyzed 
using SAS computer software (1999).
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Field day was conducted to demonstrate the performance 
of the planted improved forage verities under farmers’ 
condition for this purpose about 60 farmers and other 
stake holders from office of Agriculture and EAAPP 
extension office were involved in the demonstration.  
During the technology demonstration, farmer and other 
stakeholders evaluated visually the performance of 
planted annual and perennial forage plants.  

Results
Dry Matter Yield per hectare
The dry matter yield analysis of fodder oat varieties, 
CI-8251 and CI-8235 showed significantly (P < 0. 05) 
higher dry matter yield compared to Jassarri (table 1). 
The summary of analysis of variance for the performance 
of different fodder oat varieties on DM yield is given in 
Table 1. In contrast, there was no significant difference 
(P<0.05) between the height of the three oat varieties.

contrast, at Woreta location lower yield was reported than 
the present study under rain fed conditions. Analysis of 
variance for herbage DMY of Napier grass accessions 
is given in Table 3. In 2011 unlike for the second year, 
higher total herbage dry matter yield was recorded for 
16791(9.09 t/ha) followed by 16786 (7.00t/ha) which also 
had the highest leaf to stem ratio (2.15). In the first year, 
16786 score the highest tiller number (17). In the second 
year, 14984 was found to be the best in tiller number 
(110) followed by 16786 (107 tillers) even though there 
was no significant difference between accessions.

Chemical Composition of Napier grass
The Analysis of Variance for the chemical composition of 
samples collected for respective accessions are presented 
in Table 4. There was no significance difference in 
DM, Ash, Om, CP and DOM content of the respective 
accessions.  The only difference was with 16786 which 
had the lowest ADF (43.3) and lignin fraction (3.83).

Participatory Variety Selection
Farmers selected CI-8235 from oat, Vicia Vilosa from 
vetch and 16786 from Napier grass based on their 
observation.

Discussion
Dry matter yield per hectare of introduce forage species
CI-8251and CI-8235 were high yielders with a dry matter 
yield of 9.82, and 8.71 t /ha, respectively, under rain fed 
conditions (AARC,2002). The highest result in this study 
might be due to the variation in soil fertility, geographical 
location and entry point as this experiment was planted in 
back yard fields where farmers used to manure.

The total herbage dry matter yield in this study was lower 
than the findings of Tessema (2005) who obtained 12.24 
t/ha, 10.30 t/ha, 14.29 t/ha for 14984, 16786, 16791, 
respectively.  Mwendia et al., (2010) also reported 
higher dry matter yield in Kenya for 16791(68.3t/ha) 
and 16786(85.35 t/ha). Unlike the previous study, 16786 
ranked second in terms of dry matter yield in this study. 
But similar to this study, Mwendia et al.,(2010) in his 
study reported 1786 ranked first. The result of this study 
in terms of leaf to stem ratio was similar to the findings 
of Tesemma (2005) for the three cultivars in red soils of 
north western Ethiopia. In his study, the average leaf to 
stem ratio for 14984, 16786, 16791, were 3.2, 3.4, and 
1.2.  In a similar fashion, the current study also showed 
the highest leaf to stem ratio for accession number 16786 
followed by accession number 16791.

The summary of analysis of variance for the performance 
of different forage vetch varieties on DMY is given in 
Table 2. The highest DM yield was recorded for Vicia 
dasycarpa (5.14 t/ha) followed by Vicia vilosa (4.32t/ha) 
and Vicia atropurpurea(3.36 t/ha). Similarly total DMY 
for dasycarpa and villosa were significantly (P<0.01) 
higher for atropurpuria.

According to AARC (2002), forage vetch selection 
studies done for three years (1987-1989) at Adet showed 
that Vicia villosa (10.04 t/ha) perform similarly. I 

Table 1. Yields for oat varieties evaluated at Mecha 
District 2011
Treatments DMY (t/ha)  Height (cm)
CI-8251 10.16a   162.47a
CI-8235 10.43a   158.80 a
Jassarri  8.53b   153.20 a
Mean  9.71   158.16
LSD (0.05) 1.29   0.055
CV (%)  7.70   6.75
Columns with means with the same superscript are not 
significantly different

Table 2. Yields for oat varieties evaluated at Mecha 
District 2011
Treatments   DMY (t/ha)
Vicia Villosa   4.32a
Vicia dasycarpa   5.14a
Vicia atropurpurea  3.36b
Mean    4.28
CV    8.1
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The CP compositions for the three accessions were 
comparable highest in this study than what was recorded 
by Nyambati et al., (2010). In this study accession 
number 16786 was found to have the lowest lignin 
number as it is leafier and greenier, while the highest 
was recorded for accession number 14984. Considering 
the existing result, there was no significance difference 
between Napier grass 16791 and 16786 despite numerical 
differences. The lowest lignin content also renders and 
preference by the farmers lets us to select the later for 
further expansion. 

Most of the participants selected CI-8235, Vicia villosa 
and 16786 as the best performer compared to oat, 
vetch and Napier grass. The overall assessments of the 
farmers were also concurrent with the experimental 

results. Since the inception of EAAPP about 100 farmers 
have cultivated Napier grass, and they are exchanging 
Napier grass germplasm. Besides, these farmers are also 
becoming a source of Napier grass germplasm with cash 
for those Research centers working for EAAPP project. 
Farmers have also adapted to the practice of developing 
the annual forage species using irrigation during the dry 
season.

Conclusions
This study showed that fodder oat and vetch varieties 
Napier grass accessions gave optimum DM yield, so that 
they are a potentially useful source of animal feed during 
dry season under proper management. The introduced 
forage crops are suitable to the area and are highly 
accepted by farmers. In this regard, it can be inferred that 

Table 3. Chemical composition air dried Napier grass accessions samples planted on red soil at Mecha district, Bahir 
Dar milk shed
Accession No.  %
   DM    Ash       OM   NDF     ADF  HC   Lignin      CP      DOMD
14984   93.91a    15.28 a     85.65 a 75.03     55.91a 20.72 a    4.67 a      9.59 a   54.56 a
16786   93.64 a    14.35 a     84.71 a 64.02     43.30b 17.55 a    3.83 b      9.11 a    51.93 a
16791   93.83a    15.20 a     84.79 a 73.46     54.31a 20.72 a    4.16 a       9.59 a   54.23 a
LSD(0.05)  0.96    0.51        0.51 0.23      0.05  0.74     0.01       0.69        0.69
CV   6.56    6.71       1.17  8.94      6.75  27.72   11.73       19.33     7.44

Table 4. Yields for Napier grass accessions evaluated in 2011 and 2012
Treatment 2011DMY 2012DMY Total DMY (t/ha)    2011 L:S 2011 Tiller No.  2012 Tiller No.
14984  1.81a  4.03b  5.70b   0.94b  15a  110a
16786  1.88a  5.18ab  7.00b   2.15a  17a  107a
16791  2.21a  6.71a  9.09a   1.19b  15a  99a
Mean  1.97  5.29  7.26   1.43  18  105
LSD (0.05) 0.88  2.10  1.95   0.83  2  30
CV (%)  25.72  24.79  16.75   33.49  9  18

Table 5. Participatory variety selection of forage crops by stakeholders
No.  Variety Rank   Observed biology
Oat
1  CI8235 1   broader leaf, high biomass and higher growth rate
2  CI8251 2   Mild wilt problem and moderate n performance
3  Jassary 3   Low germination, low adaptation, lower biomass
Vetch
4  Vicia Vilosa   1  Leafy, dense and smooth texture, high biomass, higher height
5  Vicia Dasycarpa  2  Moderate growth
6  Vicia Atropurpuria  3  Slow growth rate, wilt problem, low germination
Napier grass
7  14984    3   Very stemy, less biomass
8  16786    1   Green, smooth texture, higher biomass and leafy
9  16791    2   Stemy , highest in biomass
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the objective of this study was met.

Recommendation
The scaling up operation should be expanded further. 
There is also a need to undertake dairy feeding trials 
using these forage species and appraise the economic 
feasibility of these forage crops. Besides development 
of dairy feeding package using the introduced improved 
forages and other feed resources in the area is also 
indispensible.
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Abstract
The major constraints to smallholder dairy production along the dairy value chain include inadequate quantity and 
quality feed resources for different agroecological zones. Forage legumes are the main alternatives to the costly 
commercial concentrates and soil improving amendment for smallholder crop-livestock mixed farms. Use of forage 
legumes particularly for animal production is still limited. Lupin (Lupinus spp.) can provide cheap source of protein 
supplement for dairy cattle. Lupin crop was introduced in different production, processing and marketing niches 
through targeted intervention programs since 1960s. However, no follow-up work has been done to establish its 
uptake, utilisation, perceptions, attitudes and preferences by farmers and other stakeholders along the agricultural 
product value chains. The purpose of this work is to asses the level of lupin integration in the farming systems, 
utilisation and awareness/perception among farmers and other stakeholders along the dairy product value chain. 
A longitudinal survey using a structured questionnaire was conducted to identify the weak links along the dairy 
value chain, assess stakeholder perception and the market demand of lupins. A multi-stage sampling technique was 
utilised where four counties, 30 divisions, 50 location and 100 villages were randomly selected. In each location, the 
nearest major input and out market were selected. Traders were then randomly selected and interviewed. A sample 
frame for households, stockists and agricultural related institutions were established. A randomly selected sample 
size of 307 households was selected and interviewed using a semi-structured questionnaire. Three seed companies, 
four processors and four o extension officers were selected and interviewed using a checklist. Institutional survey 
results revealed that no feed processor was using lupin as an ingredient in feed formulation. No seed company was 
selling any certified seed. Household survey showed that about 49% of respondents were aware of lupins, however 
access to viable certified seed and adoption of other technological components like processing was a problem. Lupin 
information sources were mainly through field days, neighbors, extension agents and research. This implies there is 
still a lot of potential impact if concerted efforts from all the stakeholders along the lupin value sub-chain are actively 
involved in production, processing, and promotion on utilization of lupins.

Introduction
Despite significant contribution of dairy production in 
Kenya, its productivity is low because of poor quality 
feed (Ouma et al., 2007; Republic of Kenya 2008). 
Livestock feeds in Kenya account for between 60-80 
percent of the production costs in livestock farming, 
depending on the intensity of production (Republic of 
Kenya 2008). Limited quantity and quality of livestock 
feeds particularly lack of crude protein limit dairy 
production in smallholder farms. Forage legumes are 
used as alternatives to the expensive and sometimes 
unavailable commercial feed supplements. However, 
across all production systems, the use of herbaceous 
legumes in animal production is limited. Lupin (Lupinus 
spp.) has potential of providing cheap source of protein 
supplement for dairy cattle. The main constraints in the 
utilization of lupins as feed has been the widespread 
occurrence of bitter alkaloids in the seeds that and 
low production due to low soil fertility and other crop 
management factors. Increasing the levels of lupin in the 

diets of dairy cattle, result in reduced intake due to bitter 
taste, and also bitter taste in milk. Mixing of lupins with 
cereal grains reduces the bitterness. Processing methods 
such as boiling or roasting can also reduce the alkaloid 
content, but this may not be easily done at farm level. 
These factors tend to hinder its adoption by smallholder 
farmers and calls for the introduction, selection and 
evaluation of new cultivars that are low in alkaloids.
Lupin (Lupinus spp.) is a plant belonging to the legume 
family whose seeds have been used as a food source for 
humans and animals alike for over 2000 years (Sipsas 
2008). Consumption had been limited by high levels of 
toxic alkaloids within the bean, necessitating laborious 
processing techniques to render it safe to eat. Through the 
processes of selective breeding and genetic engineering 
(hybridization), strains of lupin have been cultivated for 
human and animal consumption that require little or no 
processing as they are low in toxic alkaloids. 

Sweet Lupin (ASL) (Lupinus angustifolius) is now a 
major crop in Western Australia (Hall and Johnson 2005). 
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Until recently virtually all of the grain has been sold for 
use in intensive animal industries, with 15,000 t being 
used for human consumption underutilized (Hall and 
Johnson 2005). There are case examples from around 
the world where separate initiatives including research 
have been taken to introduce varying types of foods 
using lupin grain (Gulliver 2010). The success of any 
such initiative will depend on many factors, attitudes, 
perceptions and level of awareness. Currently, there are 
a number of challenges affecting lupin industry in Kenya 
and the world at large including processing. 

When Lupins were introduced in Kenya, there was a 
weak chain along the lupin sub-chain of the dairy value 
chain that assumed there was an immediate need for 
lupin in the market. Most research was concentrated on 
use of lupins as source of feed and food. In addition seed 
development and rejuvenation in Kenya was limited. 
Subsequently the market for utilization the grain and its 
derived products were weak. Research has continued 
to maintain some limited germplasm and dissemination 
of the same to demanding customers. In addition there 
is limited information on disease pressure and specific 
niches for production, utilization and markets. The 
successful introduction of lupin derived food into the 
human food market should not be expected to occur 
quickly. It will depend on the positive outcome from 
the ever dynamic relationship between the processing 
technologies, each individual market demand, the price of 
the raw lupin grain and the processors ability to add value 
to the derived products.

Based on previous work done on lupins, there is need 
to identify gaps on management of bitter lupins, farm 
level processing, commercial seed production and 
marketing and its inclusion in commercial feeds. The 
goal of the project was to establish baselines on the 
status, perception and constraints of utilizing legumes as 
protein supplements for milk production at farm level. 
The specific objectives were to; assess stakeholder (e.g. 
farmer) awareness and perceptions of utilizing legumes 
(lupins) as protein supplements for milk production at 
farm level; identify weak lupin areas along the APVC for 
improvement as food/feed for the successful continuation 
of the Lupin production, processing and utilisation 
studies.

Methodology
 Study site
The study was undertaken in Elgeyo-Marakwet, Uasin 

Gishu and Trans-Nzoia Counties in North Rift and 
Nyandarua County in Central Province. Crop and 
livestock production are the main sources of household 
livelihoods in these areas of Kenya. Most farmers 
practice mixed farming, integrating crops (fodder, food 
and commercial crops) and diverse livestock species, 
including dairy cattle. The farm sizes range from 0.25 ha 
to about 500 ha depending on wealth status o farmers. A 
significant proportion of farms are under arable land with 
limited available for pasture production. Previous studies 
have shown that the most prominent livestock activity 
is the dairy production mainly on both subsistence and 
commercial basis. Farmers also keep some sheep, goats, 
poultry and donkeys. Additional household economic 
activities include salaried employment, small and micro 
enterprises, firewood gathering and selling, charcoal 
burning and selling, quarrying and sand harvesting. 
The scales of agricultural practices are relatively varied 
depending on the agro-ecological systems under review. 

Survey plan
The study utilized secondary data and primary data. 
Primary data was collected through a survey. The study 
was conducted in June/July 2012. A random sample 
size of 302 farmers interviewed using a semi-structured 
questionnaire. The study focused on production, 
marketing and utilization of Lupin. Stakeholder 
perception on Lupin was also sort. The constraints were 
also identified. Using a developed checklist focus group 
discussion was utilized to construct a value chain map 
during the stakeholders’ workshop.

Sampling and data collection
Both primary and secondary data were collected and 
utilized in the study. Secondary data were obtained from 
the Kenya Bureau of Statistics (KBS) and the ministry, on 
crop and livestock statistics including the agro-ecology 
by county. Primary data was collected through the 
household survey which was conducted in four counties 
Elgeyo-Marakwet, Uasin Gishu and Trans Nzoia counties 
in North rift and Nyandarua County in Central provinces.
A longitudinal survey using a structured questionnaire 
was conducted to identify the week links and also 
characterize production systems along the dairy value 
chain, assess stakeholder perception and the market 
demand of lupins. A multi-stage sampling technique was 
utilized to sample the survey units where four counties, 
30 divisions, 50 location and 100 villages were randomly 
selected. The counties were selected because the lupin 
technology had been introduced and up-scaled in the 
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regions.

In each selected location, the nearest major input and out 
market was selected. A sample frame for households, 
stockists and agricultural related institutions were 
established by listing all survey units in each location 
and market. For household a randomly selected sample 
size of 307 selected and interviewed using a developed 
semi-structured questionnaire. In addition three seed 
companies, four processors and four o extension offices 
both from agriculture and livestock department were 
selected and interviewed using a checklist.

The targeted survey units were all livestock producing 
households. The questionnaire was structured as 
Section 1: general information, section 2: General farm 
characteristics and farm activities, section 3, Livestock 
inventory section 4: Forage legumes types cultivated, 
section 5: Local forages/fodder types cultivated, section 
6, Informal forages/fodder seed supply, and section 
7 Non-adoption households. The enumeration team 
consisted of Technical staff from KARI and ministry of 
Agriculture Livestock Development and Fisheries. Prior 
to data collection thirty questionnaires were pre-tested. 

Analytical techniques
The data were analyzed using descriptive and inferential 
statistics. The descriptive statistics utilized include; 
means, percentage and frequency tables were used 
to analyze the socio–economic characteristics of the 
respondents; and lupin production, marketing and 
utilization while inferential statistics such as regression 
analysis.

feed manufacturing. However ADC feed mill had lupin 
listed as an option as an ingredient in feed formulation 
but had never used it. They even had a formula for 
mixing. The regulatory body visited was KEPHIS, 
however, it was found out that no certified seed was 
available on the market. The challenge was to follow the 
seed certification process to come up with certified lupin 
seed. Another challenge identified was the disease effect 
on lupin crop particularly on young plant.

Household survey 
Demographic characterization of households. The mean 
age of respondents who were aware and not aware 
of Lupin was about 49 years. Equally the average 
family size of the two categories was 6 members. The 
average distance to the nearest market centre for those 
respondents aware (8 km) of lupins was less those who 
were not aware (4 km) of lupins while the distance to the 
nearest tarmac road for those aware of lupin was 5 km 
while those not aware of lupin was 10 km. The different 
if farm size between those respondents who were aware 
of lupin and those not aware of it was about 0.6 acres 
with an overall mean being 5.0 acres. The difference in 
area under the homestead was 0.2 with overall mean of 
0.7 acres. The mean crop area was 2.1 acres for those 
who were aware lupin while that for those who were 
aware was 2.2 acres. The difference in average area 
under improved fodder production and natural pasture 
was about 0.8 acres for who were aware of lupins while 
that for those who were aware was about 1.9 acres. The 
overall area under improve fodder was 0.7 while that 
under natural pasture was 2 acres. The mean number of 
dairy cattle for those aware of lupin was four while those 
not aware was three. The total number of shoats was 
seven for those aware of lupins while those not aware 
were 10. 

Livestock ownership
The average number of cattle for those respondents who 
were aware of lupin crop was 4.3 while those not aware 
were 2.7 with average number of 3.9 (Table 2). The 
number of sheep and goats for those aware of lupin was 
3.4 and 3.7 respectively while those not aware were for 
goats and sheep was 5.7 and 4.5 respectively. The over 
mean was about 1.4 (goats) and 3.9 (sheep). This may 
imply higher preference for cattle than sheep and goats.

Decision-making in the household
Household decision making is an important aspect on sale 
of farm products. Among the members of the household 

Results and discussion
Institutional survey
The institutions visited included seed companies (Kenya 
Seed and Western Seed Company), feed processors 
(Kitale Industries, Capital Feeds - Mois Bridge and ADC 
feed millers-Kitale). Of the seed companies, Kenya seed 
had made an effort to multiply the lupin seed. Of the 
processors none was using lupin seed as an ingredient in 

Table 1. Lupin survey sample size distribution of 
household by County
County   Frequency Percent
Elgeyo marakwet 61  19.9
Uasin gishu  32  10.4
Nyandarua  195  63.5
Trans Nzoia  19  6.2
Total   307  100.0
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majority who made farm operation decisions were 
husbands (52%) followed by wives (29%). The majority 
of household members who made livestock management 
decision were also husbands (62%) followed by wives 
(24%) in both groups.

Knowledge, Awareness, attitude and perception of 
local people about lupin crop
Technology awareness and attitudes is key to adoption 
(Rogers 2003). Farmers were asked about their 
knowledge and perception on lupin crop. Out of 
173 farmers interviewed 56% and 40% in the north 

and central region of them were aware of lupin. The 
intercropping practice among farmers is an important 
aspect given the declining farm sizes. The results 
showed that from both regions majority of farmers were 
practicing mono-crop.

Those who practiced who indicated that they practiced 
intercrop in central were 22% while those in the north 
rift were 22% with an overall proportion of 22%. The 
relatively low lupin adoption could attributed to a number 
of factors including availability of seeds and processing 
as shown by other studies elsewhere (Marsh et al., 2013).

Table 2. Livestock numbers owned by households in by respondents
     Awareness of Lupin (n=96) Not aware of Lupin (n=156)  All
     Mean SE   mean SE   Mean SE
Number of cattle per household  4.3 0.4   2.7 0.4   3.9 0.3
Number of sheep per household  3.4 2.0   5.7 1.3   7.6 1.4
Number of goats per household  3.7 0.7   4.5 1.3   3.9 0.6

Table 1. General socioeconomic characteristics of farmers interviewed (N=302)
Variable name      Awareness of   Not aware of  All
        Lupin (n=96)  Lupin (n=156)
       mean SE  mean SE  Mean SE
age of household head     48.6 1.2  48.5 1.3  48.6 0.9
how many people are in your household   5.6 0.2  5.6 0.3  
distance in kilometer to the nearest trading center 7.5 3.4  4.3 0.3  5.9 1.8
distance in kilometer to the nearest tarmac road  5.1 0.9  10.0 4.0  7.5 2.0
total area of the farm in acres    4.8 0.5  5.3 0.7  5.0 0.5
area of home stead in acres    0.6 0.1  0.8 0.3  0.7 0.2
area under crop acres     2.1 0.2  2.2 0.4  2.1 0.2
area cultivated for improved fodder production  0.8 0.1  0.6 0.1  0.7 0.1
area under natural vegetation in acres   1.6 0.3  2.5 0.7  2.0 0.3
number of cattle     4.3 0.4  2.7 0.4  3.9 0.3
number of sheep     3.4 2.0  5.7 1.3  7.6 1.4
number of goats      3.7 0.7  4.5 1.3  3.9 0.6
 type of household       
% male headed      81.6    82.0    81.8  
% female headed     14.3    14.7    14.5  
% male headed, single or widower   1.4    2.7    2.0  
% female headed, single widow or divorced  2.0        1.0  
% female headed husband away         0.7    0.3  
% child headed      0.7         0.3  
level of education      
None       6.2    3.4    4.8  
Primary       38.6    34.2    36.4  
Secondary      41.4    57.5    49.5  
Tertiary       9.0    3.4    6.2  
University      4.1    1.4    2.7
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Table 3. Decision making process on the farm (N=307)
       Response (%)
Decision maker   Awareness of lupin (n=96) Not aware of lupin (n=156)  All
On sale of farm products
Wife     27.1    30.0    28.6
Husband    55.6    49.3    52.4
Son     1.4        0.7
Daughter        0.7    0.3
Mother     4.9    1.3    3.1
father/mother in- law   1.4    2.0    1.7
house helper/farm labourer  0.7        0.3
hired manager    0.7    2.0    1.4
wife and husband   8.3    14.7    11.6
On livestock management
Wife     23.4    24.5    24.0
Husband    62.8    60.9    61.8
Son     0.7        0.3
Daughter    0.7    0.7    0.7
Mother     4.1    1.3    2.7
father/mother in- law   0.7    2.0    1.4
house helper/farm labourer  0.7        0.3
hired manager    0.7    1.3    1.0
wife and husband   6.2    9.3    7.8
On soil fertility replenishment
Wife     25.7    27.2    26.4
Husband    58.3    56.3    57.3
Son         1.4    0.7
Daughter    0.7        0.3
Mother     4.2    2.0    3.1
father/mother in- law   0.7    1.3    1.0
house helper/farm labourer  0.7        0.3
hired manager    0.7    1.3    1.0
wife and husband   8.3    11.3    9.8
On planting ages
Wife     22.4    25.0    23.7
Husband    63.6    59.7    61.7
Son     0.7    0.7    0.7
Daughter    0.7    0.7    0.7
Mother     4.9    2.8    3.8
father/mother in- law       1.4    0.7
house helper/farm labourer  0.7        0.3
hired manager    0.7    1.4    1.0
wife and husband   6.3    8.3    7.3

Usefulness and benefits of lupin
Farmers were asked to rate the benefits/usefulness of 
lupin and the results are shown in Figure 1. Most of 
the farmers rated it as good and/or very good. This 
implies that farmers have positive perceptions about 
lupin technology and therefore need encouragement for 

enhanced adoption and use.

Lupin Utilization and disposal
Luplin has several uses including feed and food (Brand 
et al., 1992). Farmers were asked whether they had ever 
utilized lupin on the farms. They indicated about 43% 
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Table 4. Percentage of farmers on lupin utilization
       % response by region n= 
     Central  North Rift all
 Utilize lupin on the farm  42.5  50.0  43.6
Do not utilize lupin on their farms 57.5  50.0  56.4

and 50% of the respondents had utilized lupin and lupin 
products on their farms respectively. This implies that 
there is need to upgrade the lupin technologies along the 
lupin value chain. 

Information sources on lupin technology
Access to information has been identified as the key to 
technology adoption and successful farming (Amudavi 
2008; Amudavi 2009). The major lupin technology 

Table 5. Percentage Inter-cropping pattern and awareness of lupin at farm level
Intercropping pattern     % response by region      
       Central   North Rift All
monoculture/pure strand     66.48   71.95  68.20
Intercropping      22.35   21.95  22.22
Hedge       9.50   4.88  8.05
Aware of the existence of lupin as a legume crop No 44   60  49
      yes 56   40  51

information sources were other farmers (27%) followed 
by government extension agents (27%) and farmer 
field days (17%). Other key sources included radio and 
research institutions. The use of multiple dissemination 
pathways depending on target population may be key 
as indicated by Amudavi et al (2009). These demands 
for concerted efforts using multiple approaches to 
disseminate lupin technologies in Kenya.
Willingness to adopt lupin technology
Despite the low adoption of th lupin technolgy in the 
study region, majority of farmers were willing to try the 
lupin technology with majority (85%) of them being in 
the north rift (88%). This means that if farmers are given 
opportnities on lupin technology like the seed, then the 
adoption can be enhanced.

Conclusions and recommendations
The results of the institutional approach study revealed 
that no feed processor was using lupin as an ingredient 
in feed formulation. No seed company was selling any 
certified seed. Household survey showed that about 49% 
of respondents were aware of lupin however access to 
viable certified seed and adoption of other technological 
components like processing was a problem. Lupin 
information sources were mainly through field days, 
neighbours, extension agents and research. This implies 
there is still a lot of potential impact if efforts from all the 
stakeholders along the lupin value sub-chain are actively 
involved in promotion of all technological components 
of lupin. KARI needs to play a lead role in identifying 
varieties that do not require tedious processing, 
developing certified lupin seed, fine-tune the feeding 
packages and collaborating with other stakeholders to 
catalyze technology dissemination and adoption.
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Abstract
Napier grass fodder contributes 60-80% of the forages fed to dairy cattle in smallholder dairy systems in Eastern 
and Central Africa. However, Napier grass production is threatened by the emergence of Napier stunt disease (NSD) 
leading to a reduction in dry matter yield of 40 to 100%.  The Regional Dairy Centre of Excellence (RDCoE) in Kenya 
screened and promoted Napier grass accessions that are tolerant to NSD. A study was therefore conducted at the 
National Crops Resources Research Institute, Namulonge in Central Uganda to screen accessions found to be tolerant 
to NSD in Kenya under the Uganda conditions. Twenty-two Napier grass accessions from the RDCoE were planted 
in a Randomized Complete Block Design replicated three times. The plots had spreader rows of diseased plants to 
subject the plants to equal disease pressure. Data was collected at an interval of 8 weeks on disease incidence, dry 
matter yield (DMY) and nutritive quality. Results of 7 harvests showed significant (P<0.05) differences in DMY and 
tolerance to NSD. Kakamega 1 and Kakamega 2 produced the highest yields DMY of 40 to 42.0 kg/ha. Accessions 
105, 112, 16702, 16789, 16805, 16815, 19, 75, Kakamega 1, and Kakamega 2 did not show disease symptoms up 
to fourth harvest.  All the accessions gave a relatively high NDF ranging between 55% and 60% and low crude 
protein content (6.8% and 9.2%). In conclusion accessions Kakamega 1, Kakamega 2, 112, 16702 and 16805 are 
good candidates for further studies to assess the effects of different agronomic practices (types and levels of manure 
application and cutting intervals) on severity of Napier stunt disease in different agro-ecological zones. 

Introduction
It is estimated that 12 to 14% of the world population, 
or 750 to 900 million people live on dairy farms or 
within dairy farming households and production of 1 
million litres of milk per year on small-scale dairy farms 
creates approximately 200 on-farm jobs (FAO 2010). 
Smallholder dairy cattle production in Eastern and 
Central Africa (ECA) improves food security of milk-
producing households, creates numerous employment 
opportunities to many resource poor people throughout 
the dairy value chain and provides manure for crop 
production (Njarui et al., 2012). 

The success of the smallholder dairy sector in ECA 
region depends on Napier grass (Pennisetum purpureum), 
commonly known as elephant grass (Kabirizi et al., 2006; 
Orodho, 2006). The grass, whose herbage dry matter 
yield ranges between 16 and 30 t/ha/year is the main 
fodder source grown by over 80% of smallholder farmers 
in ECA and contributes 60-80% of the forages fed (Jones 
et al., 2007).  Some farmers earn cash incomes from 
selling Napier grass fodder to dairy farmers who have 
insufficient land to grow their own feed. 

The major threat to the use of Napier grass fodder is the 
Napier stunt disease (NSD) caused by 16SrXI Group 
phytoplasma (Candidatus Phytoplasma oryzae) (Nielsen 
et al., 2007; Mulaa et al., 2010). Studies conducted in 
Uganda have shown that all Napier grass accessions 
are susceptible to NSD (Kabirizi et al., 2010). Affected 
shoots become pale yellow in colour and seriously 
dwarfed. Often the whole stool is affected, with yield 
reductions of 40-100% and eventual death of the plants 
(Nielsen et al., 2007). This has led to increased price of 
Napier grass in worst affected districts, insufficient feed 
for cows and selling off of animals by some farmers. 

Efforts to identify resistant/tolerant Napier grass 
accessions to NSD have intensified in the last 5 years 
through the Regional Dairy Centre of Excellence 
(RDCoE) at Kenya Agricultural Research Institute 
(KARI) and the International Centre for Insect 
Physiology and Ecology (ICIPE) in Kenya (Mulaa et al., 
2010).  Some resistant accessions have been recorded 
(Mwendia et al., 2006) and Mulaa et al., 2010). These 
accessions would be evaluated and if found suitable, 
disseminated to farmers.  
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Adoption of genetically diverse, high yielding and 
climatically adapted Napier grass accessions tolerant to 
NSD will improve the performance of the dairy sector, 
alleviate the current shortages and environmental crises 
associated with NSD and climate change and create 
employment opportunities. This will contribute to food 
and nutritional security, social and gender protection, 
improved incomes, poverty alleviation, environmental 
sustainability and sustainable natural resource use in the 
region, with direct links to the Millennium Development 
Goals. The objective of the study therefore was to 
evaluate Napier grass accessions for dry matter yield, 
nutritive quality and tolerance to NSD.

Materials and methods
Description of study site
The study was conducted at the National Crops Resources 
Research Institute (NaCRRI).  Namulonge located in 
Central Uganda. Namulonge is located about 100 km 
from the equator in Uganda, on latitude 005’ North and 
longitude 320 61’East. The area lies at an altitude between 
900 and 1340 m above sea level. Namulonge lies in the 
sub-humid Uganda with a mean annual rainfall of  1270 
mm per year which is bimodal with peaks in March to 
May and September to November ), while the dry months 
are January to February and July to August (Fig. 1). The 
study site has a tropical wet and mild dry climate with 
slightly humid conditions (average 65%). Mean annual 

purpureum and Panicum maximum.
Experimental procedure
Twenty two Napier grass accessions acquired from 
Alupe Research Centre in Kenya were planted in plots 
measuring 3 x 3 m with intra and inter row spacing 
of 1.5m at NaCRRI in September 2011. The plots 
were arranged in a randomized complete block design 
replicated three times. The experimental plots were 
surrounded with stunt-disease infected Napier grass 
plants to facilitate transmissibility of the disease to the 
healthy Napier grass accessions. 

Data collection
Data collection started two months after planting and the 
subsequent sampling was done at 8 weeks intervals.

Disease incidence. At each harvest, scoring for disease 
incidence was done  based on visual observations on 
disease incidence per plot and carried out just before 
harvesting, using a scale of 1- 5 where 1 = no symptoms, 
2 = very mild symptoms, 3 = medium mild symptoms, 4 
= severe symptoms and 5 = very severe symptoms.

Herbage biomass yield. Herbage biomass yield was 
estimated by cutting fodder at ground level from the 
whole plot and weighed. At each time of data collection, 
the grass was cut back to 5 cm above ground and left to 
allow regrowth.

Fig. 1. Monthly rainfall totals for NaCRRI in 2012

temperature is 22.20C (mean maximum temperature 
=28.40C and mean minimum temperature = 15.90C). 
NaCRRI has ferraltic soils (red sandy clay loam) with a 
soil pH of 4.9-5.0). The vegetation is wooded savannah 
with tall trees and tall grasses dominated by Pennisetum 

Chemical composition. Sub-samples of about 0.3 kg 
of Napier grass fodder were randomly taken and oven 
dried at 600C for 72 hours to constant weight. The dried 
samples were used for dry matter (DM) estimation 
and chemical analysis. Samples were analysed for 
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crude protein (CP), neutral detergent fibre (NDF), acid 
detergent fibre (ADF) Calcium (Ca) and Phosphorus (P) 
contents using methods described by AOAC (2001).

Data analysis
Analysis of Variance (ANOVA) was carried out using 
Genstat statistical package 14th edition and significantly 
different means separated using Least Significant 
difference (LSD) at 5% level of significance.

Results
Effect of Napier stunt disease on herbage dry matter 
yield
Mean herbage dry matter (DM) yield for 7 harvests 
ranged between 16 and 43 t/ha (Table 1 and Fig. 2).  
Based on total accumulated herbage dry matter yield 

Table 1. Effect of Napier grass accessions on herbage 
biomass yield and tolerance to stunting disease in Uganda
Variety    Mean herbage biomass   
    yield for 8 harvests (t/ha)
Kakamega 1 (ILRI 16791) 41.95b
Kakamega 2 (ILRI 16798) 40.4b
Napier 112   39.46b
Napier 16702   36.81b
Napier 97   35.3b
Napier 16805   32.3ab
Napier 41   29.1a
Napier 75   28.0a
Napier 105   26.87a
Napier 103   26.41a
Napier 16814   26.3a
Napier 76   26.05a
Kakamega 3 (ILRI 16786) 26.05a
Napier 16815   25.75a
Napier 79   25.5a
Napier 19   24.4a
Napier 117   23.52a
Napier 16789   23.5a
Alupe Napier Field  22.85a
79Sugarcane+Napier  21.2a
Napier 104   17.92a 
River Bank   17.05a
SEM    4.66
LSD    13.15
Mean with different superscript in the same column 
are significantly different at P<0.05; SEM = Standard 
Error of the Means;  Score 1 = no symptoms, 2 = very 
mild symptoms, 3 = medium mild symptoms, 4 = severe 
symptoms and 5 = very severe symptoms

of 7 harvests, Kakamega 1 and Kakamega 2 produced 
the highest yields compared to all other accessions. The 
lowest yielding accession was 104, River bank (RBN).

Napier stunt disease severity among Napier grass 
accessions
Napier stunt disease scoring results showed that Napier 
grass accessions significantly differed in severity and the 
period taken to succumb to the disease (Fig. 3). 
Some accessions succumbed to the disease as early 
as after second harvest while others showed tolerance 
up to the fourth harvest. At the first harvest, all the 
accessions showed no disease symptoms. The most 
susceptible accessions were 104, 117, 76, and 79 SN 
which succumbed to the disease with medium mild 
symptoms at the second harvest representing 18.2% of 
the total number of accessions. At the 3rd harvest, up to 8 
(36.3%) of the accessions succumbed to the disease with 
accessions 104 and 117 showing medium mild symptoms 
while accessions 76, 41, 79, 79SN, 103, and River Bank 
Napier showed very mild symptoms (Fig. 3 and Table 
1). However by the fourth harvest, up to 54.5% of the 
accessions had succumbed to the disease with variety 97 
which was among the high yielding promising accessions  
showing very severe symptoms (score=4).  Ten 
accessions (105, 112, 16702, 16789, 16805, 16815, 19, 
75, Kakamega 1, and Kakamega 2) did not show disease 
symptoms up to seventh harvest. On the contrary, the 
accessions which had more disease build-up, on average 
had higher biomass (t/ha).

Nutrient composition of Napier grass accessions
The nutrient composition of the Napier accessions 
differed significantly (P<0.05). All the accessions had 
NDF content ranging between 55.5 and 62.8% (Table 2). 
The percentage of crude protein was low (6% to 9%). The 
percentage ash content ranged between 13.4 and 15.1%. 
All accessions had very high dry matter content of 89.9-
90.6%.

Discussion
Effect of Napier stunt disease on Napier grass dry 
matter yield
The significant differences in dry matter yield (DMY) 
of Napier accessions could be attributed to genetic 
differences (Muyekho et al., 2008; Snijders et al., 2011) 
and severity of NSD of the accessions. The sharp decline 
in DMY for the 2nd harvest might could have been 
due to the effect of the dry season since the first and 
second harvests were done in November and February, 
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Fig. 2. Mean herbage dry matter yield of introduced Napier grass accessions 
Fig. 2. Mean herbage dry matter yield of introduced Napier grass accessions

respectively (Fig. 2). The low DM yields recorded in 
this study could also be attributed to poor soils since no 
fertilizers were applied throughout the study time. Total 
dry matter yield of Napier grass-legume intercrops or 
Napier grass grown alone significantly increases when 60 
kg di-ammonium phosphate per hectare or 5 t FYM per 
hectare +30 kg di-ammonium phosphate per hectare is 
used.

Napier stunt disease severity
There were significant differences in severity of NSD 
among Napier accessions at different stages of harvest 
(Fig.  4). The results on tolerance of Kakamega 1 
differed from the findings of (Muyekho et al., 2008) 
who reported that the accessions succumbed to NSD 

after the 3rd  harvest in Kenya with very mild symptoms. 
Kakamega 3 succumbed to NSD by the fourth harvest 
which results differ from the findings of (Muyekho et al., 
2008) who reported the same accessions to succumb to 
the disease after the first harvest in Kenya. The difference 
in the findings could have been a result of variation in 
soil fertility as Napier growing on fertile soils tends to 
be more tolerant to Napier stunt disease (Mulaa et al., 
2007). Field observations have shown good management 
practices such as manure application reduce NSD severity 
on affected fields and (Kabirizi et al.; 2007; Mulaa et al., 
2007).

There was an increasing trend in incidence and severity 
of NSD with number of harvests (Fig. 3), with the first 

 

Fig. 3. Napier stunt disease progress on some of the Napier accessions Fig. 3. Napier stunt disease progress on some of the Napier accessions
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Table 2. Nutrient content of different Napier grass 
accessions 
Accessions  CP  DM  NDF 
103   6.78 90.4 62.5
104   6.8 90.1 60.2
105   8.3 90.4 59.2
112   7.7 90.5 58.2
117   7.6 90.1 58.9
16702   7.4 90.2 58.6
16789   7.7 90.3 60.4
16805   8.0 90.3 60.1
16814   8.5 90.2 58.4
16815   8.4 90.1 58.0
19   7.3 90.4 61.2
41   8.4 90.4 58.2
75   7.4 90.4 61.8
76   6.7 90.3 62.3
79   8.5 90.6 58.5
79SN   9.2 90.0 55.5
97   7.3 90.1 59.0
ANF   6.4 90.3 62.8
Kakamega 1  7.3 89.9 58.8
Kakamega 2  7.3 90.3 59.7
Kakamega 3  7.1 90.3 61.2
RBN   8.9 90.3 56.0
LSD   1.1 0.4 2.1

mild symptoms appearing at the 2nd harvest concurring 
with findings of Mulaa et al. (2007) who reported that 
NSD affects plots that have been cut more than twice. 
The reason for the increase in incidence and severity 
with increased number of harvests could be that when 
the fodder grass is harvested, the leaf hoppers that spread 
NSD tend to move to other plants for survival. When the 
plants are regenerating, the leaf hoppers then move back 
to the young soft and juicier plants thus spreading the 
disease.

Nutrient composition of Napier grass accessions
The results on nutritive quality showed that the protein 
content of Napier grass accessions was low (6.7-9.2%). 
The CP levels were below the minimum recommended 
levels (16%) for production and maintenance of a 
dairy cow (NRC, 2001). Forage yield and nutritional 
qualities of pastures are influenced by numerous 
factors representing genetic, ecological conditions and 
management practices (Sarwat et al., 2002; Lanyasunya 
et al., 2006). Those factors include frequency of cutting, 
species composition, stage of maturity of plants, climatic 
conditions, soil fertility status and season of harvesting. 

Sarwat et al. (2002) reported that crude protein content 
of grasses deceased with maturity of plants. They further 
reported that highest CP (7-9.6%) was found to be at 
vegetative stage and the maximum decrease in CP was 
found to be between the flowering and mature stage. 
The low CP reported in this study could therefore have 
been partly caused by poor soils since there was no 
fertiliser application throughout the study period. Rafiqul 
et al. (2010) reported that application of approximately 
70 kg of biogas slurry N per hectare will improve the 
production of biomass and nutrient content in maize 
fodder. The high NDF observed in this study could have 
been caused by maturity of the plants. Nutritive value 
of forages is greatly influenced by the growth stage of 
the forage when harvested. With advancing maturity, 
the plant contains low protein and high fibre content 
(Mahala et al., 2012). In addition, as the plant matures, 
the plant cell wall of the stem becomes lignified and 
fibre becomes less digestible (Van Soest, 1994). Orodha 
(2006) reported that in East Africa, dry and wet season 
influence the dry matter yield and quality of Napier grass 
fed to dairy cattle. Van Soest (1994) noted that  second 
cuttings has lower digestibility than first cuttings of the 
same chronological and physiological age, because plant 
growth begins at relatively high temperatures, usually 
after cutting or when rains ends a dry spell. DePeters 
and Kesler (1985) also observed that nutritive quality 
of forage reduced at the second and third cuttings of 
permanent pasture harvested as dried forage. Ash content 
represents the composition of minerals in the grass which 
is essential for the proper growth of an animal. 
 
Conclusions and recommendations
This study has shown that Napier stunt disease tolerance 
exhibited by the accessions such as 105, 16789, 16825, 
19 and 75 despite having relatively low yields suggest 
that these accessions can be very useful candidates in 
breeding programmes for resistance against Napier grass 
stunt disease. Napier grass accessions differ in tolerance 
to NSD with some accessions succumbing early while 
others remain tolerant up to the 7th harvest. Accessions 
Kakamega 2, 16702, 112 and Kakamega 1 were among 
the accessions with the highest DMY and were tolerant 
to NSD up to the 7th harvest; therefore the accessions 
can be grown in NSD “hot spot” areas as a way to 
improve feed availability and NSD in an environmentally 
friendly and cheaper means. Farmers should be taught 
and encouraged to carry out specific agronomic 
management practices such as; manure application to 
improve soil fertility, weed control, proper cutting height 
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and frequency and use of disease free planting materials 
that reduce the severity of NSD for such accessions 
to be disseminated. Studies on the effect of different 
locations, wider range of soils, rainfall, and temperature 
combinations; types of manure application and cutting 
intervals on severity of Napier stunt disease are proposed. 
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Abstract
Napier grass is a major livestock feed, especially for dairy cows constituting between 40 and 80% of forages used 
by farmers. However, Napier grass forage yield in the farmers fields has declined due Napier grass stunt and smut 
diseases resulting in shortage of feed for livestock. Screening studies have identified tolerant Napier grass accessions. 
However, the fact that the two diseases are transmitted through planting materials, there is need to develop a rapid 
micro-propagation through tissues culture of disease free planting materials of the tolerant/resistant Napier grass 
accessions. Ten non infected accessions Napier grass accessions, six which of (K75, K33, K38, K62, K72 and K82) 
from KARI Alupe, two accessions (Ouma 3 and South Africa L3) from KARI Kakamega and two (Kakamega 1 
and Kakamega 2) tolerant to smut disease from KARI Muguga South were used to validated a protocol on mass 
production through tissue culture both in the growth chamber and screen house. There was a strong influence of the 
genotype on the in vitro development of plantlets both in the growth chamber and in the screen house. The accession 
Ouma followed by South Africa L3 had the highest multiplication rate and shoot formation per explants. Among the 
accessions tolerant to smut both KK 1 and KK 2 produced similar number of shoots in the growth chamber but when 
planted in the screen house KK1 had more shoots than KK2. The accessions tolerant to stunt disease collected from 
KARI Alupe produced the lowest number of shoots in the growth room but all except K33 failed to produce shoots in 
the screen house.

Introduction
Napier grass (Pennisetum purpureum Schumach.) is 
the major feed for the cut-and-carry zero and semi-zero 
grazing dairy systems in the region where it constitutes 
between 40 to 80% of the forage for the smallholder 
dairy farms (Staal et al., 1997). However, Napier stunt 
and smut diseases, caused by phytoplasma and Ustilago 
kameruniensis, respectively, have in the recent years 
caused forage yield reduction of up to 90% (Mulaa et al., 
2004, Mulaa, 2010), and are currently the biggest threats 
to forage production and hence dairy sector in the region. 
Both diseases have been recorded in Kenya, Tanzania, 
Uganda, Ethiopia and Rwanda, and are suspected to 
have spread to Burundi with cross boarder movement of 
livestock and people. 

Efforts to identify resistant/tolerant Napier grass varieties 
to stunt and smut diseases have intensified in the last 10 
years through KARI, ICIPE and ILRI. Some resistant 
accessions have been recorded especially for Napier head 
smut, where the varieties Kakamega 1 and Kakamega 2 
were identified through artificial inoculation studies to be 
resistant to the disease (Farrell, (1998) and Mwendia et 
al. (2006). Field studies by Mulaa et al. (2010) identified 
accessions that were tolerant to stunt disease. They and 
other new collections were screened through confined 
artificial inoculation and Nested Polymerase Chain 

Reaction (nPCR) analysis by ICIPE (Khan, unpublished 
reports) were accessions showing resistance/tolerance to 
Napier stunt disease were identified.

The spread of stunt and smut diseases is extremely fast 
through movement and exchange of planting materials. 
In order to minimize the spread of the diseases there is 
need to develop Napier tissue culture protocol to establish 
highly regenerative cell and tissue culture systems in 
Napier grass and rapidly multiply them in the field 
for dissemination and transfer to other countries. The 
objective of this study was to develop a Napier grass 
tissue culture protocol and micro-propagate disease 
tolerant planting materials. The protocol involved 
stages of culturing the material in growth room and 
acclimatization of the plantlets in screen house. Data 
were taken on number of shoots surviving, contaminated 
or dead.

Materials and methods
Napier grass accessions identified to be tolerant to stunt 
and smut diseases were collected and established in a 
screen house at KARI biotechnology. The accessions 
included six non infected accessions (K75, K33, K38, 
K62, K72 and K82) from KARI Alupe that had been 
identified to be tolerant to stunt disease through field 
screening, two accessions (Ouma 3 and South Africa 
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L3) from KARI Kakamega that had been identified to be 
tolerant to stunt disease through confined field screening 
at ICIPE; and two (Kakamega 1 and Kakamega 2) 
tolerant to smut disease from KARI Muguga South.

Culture medium and condition
The culture media comprised of Murashige and Skoog 
Medium (MS) powder supplemented with vitamins 
(Murashige et al., 1962), 20 g/litre of sucrose and 2 
mg/l BAP and dissolved in distilled water and at pH 5.7, 
3gms of phytagel was added per liter of medium, boiled, 
and then dispensed into universal bottles of Kilner jars. 
The medium was sterilized by autoclaving at 121oC. 
The medium was then allowed to solidify and stored at 
room temperature until it was required for use. Several 
young, green and non-woody auxiliary shoots of the 
desired Napier grass accessions from the greenhouse 
were excised with single edged razor blade and subjected 
to a protocol for surface sterilization procedure (Miller 
et al., 1976). The leaves were cut off and the stems cut 
to about 5 mm of the shoot – auxiliary explants (nodal 
sections) closer to the base, where the stem still has a 
ridged cross-section. Twenty to twenty five nodal sections 
were placed into each 500 ml conical flask. The explants 
were then washed in running tap water to get rid of large 
debris followed by washing in sterile distilled water with 
few drops. The prepared nodal sections were then soaked 
in broad spectrum fungicide solution for 30 min and 
transferred into a laminar flow cabinet. For sterilization, 
a solution of 1.5% sodium hypochlorite was added to 
the explants, left for 20 min and later drained out of the 
flask. The explants were then soaked in 80% ethanol for 
5 min and washed with sterile distilled water 3 times 
to get rid of all the chemicals. Using sterile tweezers 
and a large, sterile scalpel blade, dead bleached tissues 
were aseptically cut off. Explants were gently pressed 
onto each nutrient MS medium bottle either in universal 
bottles or Kilner jars. The Kilner jars and Universal 
bottles were capped tightly and sealed with parafilm. 
The cultured explants are transferred into growth room, 
with controlled light, alternating 16 hrs light and 8 hours 
darkness with a temperature of 27°C. Contaminated 
cultures were discarded. The non-contaminated plants 
that sprouted were multiplied through the process of 
micro-propagation following the method described by 
Pongtongkam et al. (2006). A series of sub-culturing 
of any shoots that sprouted was done in fresh media 
to multiply and root. Data was taken on the number of 
shoots surviving, contaminated or dead.

Acclimatization and transfer of plantlets to soil
Emerging micro-propagated plants were transferred to 
the greenhouse. The process followed here included 
filling pots with vermiculite, removing the parafilm from 
the culture vessels and the lids. Using fingers the gel 
was gently broken with care being taken not to damage 
any roots. The cultures were then taken to sink; fingers 
were spread over the top of the plants and warm water 
run over the media so that the gel floated on top of the 
water. The gel was poured out. Warm water was run 
onto any gel remaining allowing it to be broken up and 
washed off the plant roots by the force of the water from 
the tap. Plantlets were then returned to potting bench 
and transferred to the vermiculite containing pots. The 
plants were watered thoroughly until water run out of 
the bottom of the pots. Pots were placed in seed trays, 
covered with good fitting humidity bags to maintain 
moisture and placed on the bench in green house. The 
humidity bags were sprayed with fungicide in order to 
control possible attacks of fungus gnats. One week after 
potting the humidity papers was split on one side to start 
to acclimatize the plants to the green house conditions. 
After a further one week the humidity paper was removed 
totally. After a further three days plants were scooped 
out with the adhering vermiculite and transferred to pots 
containing sterile soil. Fungicide was sprayed on the 
sterile soil during acclimatization and fertilizer was to 
be added every two days in a week. These were watered 
till they become fully acclimatized to the green house 
conditions.

Results and discussion
Figures 1-3 shows the regeneration of plantlets in the 
growth room. After 6 weeks, an average of 71% of the 
cultured auxiliary shoots explants developed to plantlets. 
Irrespective of the variety and subculture, the average 
multiplication rate was 4 per single cultured explant, thus 
allowing the production of 256 plantlets per each initial 
explant, after five subcultures. The average contamination 
rate was 9.46 %, losses by other factors were 8.44% 
and shoot formation was 82.1%. There was a strong 
influence of the genotype on the in vitro development of 
plantlets both in the growth chamber and in the screen 
house. Figure 4 shows acclimatization of plantlets in the 
screen house. The accession Ouma followed by South 
Africa L3 had the highest multiplication rate and shoot 
formation per explants in the growth room and in the 
screen house (Table 1). Among the accessions tolerant 
to smut both KK 1 and KK 2 produced similar number 
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of tillers in the growth chamber but when planted in the 
screen house KK1 had more shoots than KK2 (Table 1). 
The accessions tolerant to stunt disease collected from 
KARI-Alupe produced the lowest number of shoots in 
the growth room and except for KK33 all the accessions 
failed to produce shoots in the screen house. This was 
due to high contamination rates during culturing. The 

Table 1. The number of Napier shoots both in the growth room and greenhouse
Napier accession No. of plants  No. of shoots developed     No. of shoots  No. of dead  No. of
   Cultured  from the cultures     contaminated  shoots  plantlets
      Growth room    greenhouse
KK 1   12  1     3  6  25
KK 2   12  1     4  7  7
K 75   12  3    6  12  0
K 33   12  6    5  1  7
K 38   12  4    7  12  0
K 62   12  3    8  12  0
K 72   12  4    8  12  0
K 82   12  3    9  12  0
Ouma   12  10    2  0  354
South Africa L3  12  9    3  0  54

Fig 1. Explants in the growth room Fig 2. Multiple shoots

Fig 4. Hardened plantlets ready for fieldFig 3. Acclimatisation in the green house

contamination was systemic and became impossible to 
clean through surface sterilization. The mother plants 
from KARI-Alupe also showed signs stunting disease in 
the screen house. Similar observations were made in the 
field at Alupe. This study suggests that the number of 
shoots developed from explants depends on the genotype 
and level of contamination.

Effects of Napier accessions in the validation of tissue culture protocol for mass production of disease free planting materials
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Conclusion
The study shows that mass propagation of tissue culture 
Napier grass is possible in order to sustain the currents 
demands of farmer’s of tolerant/resistant varieties/
accessions.
In order to get high number of plants, the mother plants 
should be free from diseases

Recommendations
More studies are encouraged in order to understand the 
epidemiology so as to curb the spread of the diseases 
affecting Napier grass.
More validation studies on mass propagation of tissue 
culture plantlets are required to confirm whether the 
numbers of emerging shoots are genetically determined 
or depends on other factors.
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Abstract
Host plant resistance tactic is one of the highly sought after technique currently to mitigate several pathogens of 
concern, due to its ease of implementation and cost effectiveness. The technique relies on genetic resistance to 
merit its use as a tool in the management of pathogens. One such pathogen is Ustilago kamerunensis which causes 
Napier grass grass head smut disease. In the mitigation efforts of the disease resistant accessions have been selected 
by relying on visual smutting symptom to select resistant accessions that do not smut.  However, once a selection 
of resistant accessions is achieved, the evaluation of their resistance’s efficacy and its magnitude in suppressing 
the pathogen is a challenge. The above scenario is coupled by the hemibiotrophic nature of the pathogen where it 
remains latent in the initial stages of infection in an accession leading to limited visual symptoms that can be used in 
estimation of severity proportions. Moreover, the tillering nature of the grass makes the estimation less accurate due 
to the tiller sampling for one to measure any parameter, thus introducing chance errors. This information on resistance 
efficacy and magnitude is crucial in breeding and effective management strategies of the disease. Therefore, this 
study was conducted with an objective being to determine the efficacy and magnitude of the selected accessions’ 
resistance capacity in suppressing the pathogen. Two completely randomized experiments in design were set up 
with the first trial being to select asymptomatic accessions from the study sample without cutting back. A second 
factorial experiment was used to evaluate the resistance of purposively sampled asymptomatic accessions from the 
total selected pool with cutting back. Factors explored were; accessions, watering pattern and number of inoculations. 
At the end of the 8th and 16th weeks harvest points data viz. fresh weight and efficacy levels in each accession was 
determined to aid in generation of efficacy magnitudes. The obtained data was analyzed using statistical analysis 
software version 9.1. The accessions had significant (P < 0.05) differences on their biomass yield with various 
efficacy and magnitude levels. Thus, the form of resistance among the accessions seemingly is quantitative resistance. 
Therefore, screening of accessions can further be enhanced if this method of magnitude estimation can be used to 
develop a scale of Napier grass grass screening and elucidate the efficacy of the accessions at field level.

Introduction
Genetic resistance is classified into two forms viz. 
quantitative and qualitative resistance (Parry, 1990). The 
qualitative resistance is encoded by a few or single gene 
and it is expressed by plants against a certain specific 
strain of a pathogen (Keane 2012). The quantitative 
resistance is influenced by several multiple genes that 
are generally involved in the general growth of the plant. 
This resistance is expressed by plants against all strains 
of a particular pathogen though influenced by certain 
environmental factors (Pratt et al., 2003). 

Therefore, genetic resistance regardless of the form 
has been sought through host plant resistance approach 
to try and manage many crop diseases due to its cost 
effectiveness and ease of implementation (Parry, 1990).  
One such disease is Napier grass head smut caused 
by Ustilago kamerunensis (Farrell et al., 2000). The 
pathogen is hemibiotrophic; a characteristic of many 

smuts (NAFIS, 2012; Piepenbring, 2003). As a result 
of this characteristic, its growth within the Napier grass 
grass hosts usually goes unnoticed morphologicaly once 
established in a susceptible host until the host sporulates 
for its presence to be elucidated (Freeman and Beattie, 
2008). Therefore, because of this scenario the estimation 
using visual symptoms of the efficacy levels of respective 
accessions especially the non-smutting accessions using 
severity proportions as reported by Parry (1990) has been 
a challenge. Therefore, this study sought to establish the 
efficacy and the magnitude of the accessions resistance 
against U. kamerunensis exclusive of their optimal 
growth efficiency under disease free conditions.

Materials and methods
Experiment one; asymptomatic accessions’ 
identification 
This study was conducted at the KARI-Muguga 
glasshouses using molecularly characterized accessions 
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which had been grouped into six neighbour joining 
groups (Table 1) basing on their genomes similarity by 
Lowe et al. (2003). The accessions were acquired from 
Ethiopia’s ILRI gene bank and multiplied at Muguga 
South centre for experimentation purposes. 

The selection of asymptomatic accessions was 
determined through screening of the Napier grass 
accessions. The methodology used was the one described 
by Farrell (1998) but as modified by Mwendia et al. 
(2006). The treatments comprised of the 56 ex-ILRI 
Napier grass accessions with 4 cultivars; Kakamega I and 
Kakamega II being used as negative checks and Farmer 
bana and Clone 13 being used as positive checks.

Experimental design
Napier grass planting materials and preparation of 
the innoculum was done as described by Mwendia et 
al. (2006).  The innoculum of Ustilago kamerunensis 
ustilospores was prepared and standardized (Kinyua, 
2004). Fungal inoculation was by dipping method as 
described by Mwendia et al. (2006) and Farrell (1998). 
The inoculated canes were then planted in plastic pots of 
between 27 cm diameter filled with potting mixture. The 
canes were planted at an angle with one third of the cane 
above the soil (Boonman, 1993). The potting mixture 
comprised of non-sterile soil, gravel and cattle manure at 
a ratio of 4: 1: 0.75 respectively. The watering was once 
a day with daily examinations conducted from the 8th 
week. Fresh and dry sample weights of the accessions 
that had not smutted were determined by selecting 
randomly two tillers from each stool of the two canes 
planted per pot, and then measured their percentage dry 
matter as described by AOAC (1994). Experiment two: 
Asymptomatic accessions’ evaluation

This was a factorial experiment testing three factors 
namely; the asymptomatic accessions, pattern of watering 
(regular and irregular) and round of inoculation (once, 
twice and non) in a completely randomized design. The 
respective treatment combinations were replicated thrice 
with two canes planted per pot to give a total of six data 
points per accession’s treatments. Therefore, fresh canes 
of the asymptomatic accessions purposively sampled 
in experiment 1 above, were established along with 
Kakamega 1 and Clone 13 as a resistant and a susceptible 
check respectively.
 
However, in this second experiment non-inoculated 
controls dipped in only distilled water without the 

ustilospores were introduced and replicated in the same 
way. The canes acquired from asymptomatic accessions 
of experiment 1 were re inoculated and planted. The 
plants were watered once in the evenings at 6 p.m in 
a one day interval, whereas the remaining half of the 
freshly inoculated and non-inoculated samples under 
irregular pattern were watered transiently after planting 
at intervals of 4 days, then 2 days and 3 days in that 
order in the first one month of growth before a shift to 2 
weeks, then 1 week and 4 days cycle in the subsequent 
months of experimentation to allow the accessions attain 
some significant growth under the irregular watering 
regime. The accessions were harvested on week 8 and 
16 as ratoons and analysis of variance performed on the 
biomass yield in readiness for efficacy and its magnitude 
estimation.

Accessions’ efficacy (E) in resisting the pathogen’s 
virulence
Total fresh biomass weight of an accession being a 
component of cumulative input of growth mechanisms 
and being affected significantly by the disease. The two 
values (inoculated and non-inoculated control) of ratoon’s 
one and two were then subjected to a modified formula 
I of epiphytotic establishment dynamics as explained by 
(Parry, 1990; Andrivon et al., 2006), to estimate each 
accession’s efficacy threshold values relative to their 
non-inoculated controls. These values were useful in 
estimating the efficacy of the resistance of respective 
accessions in confronting the disease. Hence, they 
complimented the assessment of the resistance levels of 
the accessions in suppressing effectively the pathogen’s 
surge.

Where: (Tfw2) is the proportion of a respective 
accession’s total fresh biomass weight of the inoculated 
treatment over its non-inoculated control’s biomass after 
a certain time (T2) in days from the time of the first 
reading (T1). Whereas (Tfw1) is the proportion of the 
accession’s total fresh biomass weight over its control’s 
biomass after time (T1) in days from the planting time. 
And ln is the natural logarithm of the involved parameters 
division.

Accessions resistance magnitude (EM) 
The efficacy indices generated were used to determine the 
magnitude of the resistance thresholds of the respective 

(I)
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 Accession Species description Neighbour-joining 
group 

Source/Origin 

18662 Pure species Unknown Unknown 
18438 Pure species Unknown Unknown 
14982 Hybrid Hybrid Unknown 
14983 Pure species East Africa Unknown 
14984 Pure species USA 1 Unknown 
15357 Hybrid USA 1 Unknown 
15743 Pure species USA 2 Cultivar Mott 
16621 Pure species Miscellaneous Namibia 
16782 Pure species East Africa Tanzania 
16783 Pure species Miscellaneous Tanzania 
16785 Pure species Southern Africa Tanzania 
16786 Pure species Southern Africa Swaziland 
16787 Pure species Southern Africa Swaziland 
16788 Pure species East Africa Swaziland 
16789 Pure species Southern Africa Swaziland 
16790 Pure species USA 2 Swaziland 
16791 Pure species South Africa Swaziland 
16792 Pure species Southern Africa Mozambique 
16793 Pure species Miscellaneous Cuba 
16794 Pure species East Africa Mozambique 
16795 Pure species Southern Africa Zimbabwe 
16796 Pure species East Africa Zimbabwe 
16797 Pure species East Africa Zimbabwe 
16798 Pure species Southern Africa Zimbabwe 
16799 Pure species Miscellaneous Zimbabwe 
16800 Pure species Southern Africa Zimbabwe 
16801 Pure species Southern Africa Zimbabwe 
16802 Pure species East Africa Zimbabwe 
16803 Pure species Southern Africa Zimbabwe 
16804 Pure species Southern Africa USA 
16805 Pure species USA 2 USA 
16806 Pure species Southern Africa USA 
16807 Pure species USA 2 USA 
16808 Pure species East Africa USA 
16809 Pure species East Africa USA 
16810 Pure species East Africa USA 
16811 Pure species USA 1 USA 
16812 Pure species USA 2 USA 
16813 Pure species USA 1 USA 
16814 Pure species USA 2 USA 
16815 Pure species USA 1 USA 
16816 Pure species USA 2 USA 
16817 Pure species USA 2 USA 
16818 Pure species USA 2 USA 
1026 Pure species unknown Unknown 
16821 Pure species USA 2 Zimbabwe 
16822 Pure species East Africa Malawi 

 

 

16834 Hybrid Hybrid Unknown 
16835 Hybrid Hybrid Unknown 
16836 Pure species Southern Africa Unknown 
16837 Hybrid Miscellaneous Unknown 
16838 Hybrid H Hybrid Unknown 
16839 Pure species USA 2 Unknown 
16840 Hybrid Hybrid Unknown 
16902 Hybrid Hybrid Unknown 
18448 Unknown Unknown Tanzania 
Source: Lowe et al. (2003)   

Table �. EX-ILRI accessions
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8�

accession per treatment. The magnitude was estimated 
relative to the least performed accession’s efficacy per 
treatment while taking advantage of the natural constancy 
that exists in values as reported by Parry (1990). 
Therefore, subjecting the accessions to the formula II 
the magnitude of an accession efficacy was generated. 
However, the magnitude of the accession with the least 
efficacy index (EIie) which was used as a reference point 
of relative performance had to be generated by exploiting 
the direct proportions strategy.

(II)

 Where: (EIsa) is the efficacy index of a respective 
accession proportions in yield performance between its 
former and latter ratoons as explained above without 
dividing it by the time involved between the ratoons in 
a respective treatment, with a superior index, whereas 
(EIie) is the efficacy index of the least efficient accession 
in the treatment between its former and latter ratoons as 
explained above without dividing it by the time between 
the respective ratoons. The value 0.2718 is a constant that 
exists between non-integer values and (e) is the natural 
constant between integers.

Results and discussion
A heterogeneous pattern on the responses of the 
accessions after their screening against the head smut 
disease challenge within each neighbour joining 
group was observed, as illustrated on Figure 1. All the 
neighbours joining group had some of their accessions 
succumb to the disease and some remained asymptomatic 
(non-smutted). The USA 2 and USA 1 had the most 

 

Fig. 1. Percentage of Napier grass grass accessions that smutted versus the non-smutted 
per neighbour joining group (dendogram of jacard’s similarity estimates) after level one 
of screening without cutting back exhibiting their observed heterogeneity in symptom 

expression 

smutted accessions at 90.9% and 80% respectively. The 
Southern Africa group had the least smutted accessions 
at 57.1% and the most non-smutted (asymptomatic) at 
42.9%. Therefore, this lack of a homogeneous response 
(uniform response) across the neighbour joining groups 
under the diseases challenge, especially when each 
was constituted of accessions similar in molecular 
characteristics could be attributed to the quantitative 
nature of the resistance in the accessions. This 
quantitative resistance is controlled by multiple minor 
genes that are involved in various processes of growth 
as influenced by the virulence of the pathogen (Keane, 
2012). 

Sampling of asymptomatic accessions for further 
evaluation
The resistant accessions marked by the asterisks on 
Table 2 had the highest percentage dry matter in their 
respective neighbour joining groups. Hence, they were 
purposively sampled for evaluation in experiment two 
along with Kakamega 1 and Clone 13 as negative and 
positive checks of the disease respectively. Accession 
16808 which had exceptionally low dry matter of 19.88% 
after the 24th week period without cutting back was also 
selected based on the observation for evaluation.

Selected accessions efficacy (e) to generally cope with 
the pathogen’s surge
The efficacy indices (e) of the accessions to cope with 
this U. kamerunensis using a modified van der Plank 
formula targeting their fresh biomass yield was estimated 
relative to the quantitative performance of their controls 
when significant differences (df =7, F= 8.33, P ≤ 0.001) 
and (df =7, F= 13.44, P ≤ 0.001) were observed on 

Fig. 1. Percentage of Napier grass grass accessions that smutted versus the non-smutted per neighbour joining group (dendogram of jacard’s similarity estimates) 
after level one of screening without cutting back exhibiting their observed heterogeneity in symptom expression
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biomass yield in the respective ratoons. The accessions; 
16805 and 16785 under regular watering regime ranked 
first and second with efficacy indices of 0.0119 and 
0.0077 respectively. On the other hand, Clone 13 and 
accession 16902 ranked last with indices of -0.0077 and 
-0.0103 respectively as shown on Table 3. Under the 
irregular watering regime; accessions 16902 and 16811 
ranked first and second with efficacy indices of 0.0166 
and 0.0022 respectively. Accession 16808 and 16785 with 
efficacy indices -0.0028 and -0.0077 respectively ranked 
the least as summarized on Table 4. The efficacy indices 
of accessions’ 16808 and 16785 being the least under 
the irregular watering regime clearly gave indications of 
accessions under immense pathogen pressure as observed 
even through their unique smutting Figure 2. This could 
be attributed to the unpredictable effects from the  
environment that influences the accessions growth and 
consequently their quantitative resistance (Pratt et al., 
2003).

Table 5.  This affirmed the consistency of the formula 
in estimating efficacy levels as accession 16805 ranked 
well under regular watering regime despite the number 
of inoculations. This is scenario could be attributed to 
the genetic mechanisms of the accessions and how they 
are adapted to deal with the increased severity levels 
and inoculums levels as other factors that influence 
quantitative resistance besides other abiotic factors 
(Keane; 2012).

Finally, high levels of biomass output were observed in 
ratoon two (Tables 3, 4 and 5) unlike in ratoon one. This 
could be attributed to the high tillering levels and already 
good rooting system in place associated with Napier 
grass in their second regrowth. Moreover, the availability 
of suitable environmental conditions which are not 
limiting viz, optimal manure and water amidst an already 
established rooting system led to the observed high 
performance in ratoon two (Barnes et al., 2007; Yanxian 

Table 2. Selected asymptomatic accessions from experiment one
Napier grass accessions   Neighbour joining groups Number of tillers Dry matter %
16797     East Africa   42   21.14%
16808     East Africa   28   19.88%*
16902     Hybrid    26   24.10%*
16836     Southern Africa   25   21.08%
16805     USA 2    25   22.61% *
16787     Southern Africa   23   21.69%
16785     Southern Africa   21   27.85%*
Kakamega 2    Unknown   18   23.93%
Farmer Bana    Unknown   17   22.76%
16806     Southern Africa   17   20.08%
16783     Miscellaneous   15   23.83%*
18448     Unknown   15   23.33%
16782     East Africa   14   22.31%
Kakamega 1    Unknown   14   22.36%*
16796     East Africa   14   21.67%
16789     Southern Africa   12   23.78%
16811     USA 1    12   24.68%*
16800     Southern Africa   11   20.51%
16786     Southern Africa   10   22.76%
16793     Miscellaneous   10   20.56%
16835     Hybrid    8   22.23%

Among the re-inoculated accessions under regular 
watering regime accessions 16805 and 16783 ranked 
first and second with efficacy indices of 0.0117 and 
0.0097 respectively. Accession 16902 and Kakamega 
1 ranked the least in the treatment with indices of -
0.0117 and -0.0160 respectively as summarized on 

et al., 2008).
 
Magnitude of the purposively sampled accessions’ 
efficacy 
The magnitudes of the accessions’ resistance exclusive of 
their optimal growth levels under disease free conditions 
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Table 3. Efficacy indices based on fresh biomass yield of the accessions under regular watering regime
Regularly watered    Inoculated once Non-inoculated control 
  Total yield fresh weight (g)  Total yield fresh weight (grams)
Accessions Ratoon 1 Ratoon 2 Ratoon 1 Ratoon 2 Efficacy indices (e) Rank
16805  584.4  1266.3  922.3  1028.9  0.0119   1
16785  574.6  1188.1  886.2  1194.2  0.0077   2
16808  470.0  1098.7  276.0  563.0  0.0024   3
16811  973.9  1491.0  770.1  1053.6  0.0020   4
16783  684.9  975.2  567.8  734.8  0.0017   5
Kakamega 1 820.3  1742.3  565.6  1698.5  -0.0062   6
Clone 13 212.3  301.0  229.3  501.0  -0.0077   7
16902  698.8  1179.7  208.6  628.7  -0.0103   8

Table 4. Efficacy indices based on fresh biomass yield
Irregularly watered  Inoculated once  Non-inoculated control  
  Total yield fresh weight (g) Total yield fresh weight (grams)  
Accessions Ratoon 1 Ratoon 2 Ratoon 1 Ratoon 2 Efficacy indices (e) Rank
16902  85.0  249.6  285.7  331.5  0.0166   1
16811  291.2  533.0  316.3  511.2  0.0022   2
Kakamega 1 364.2  435.6  321.1  370.6  0.0006   3
16805  134.0  377.0  170.7  486.8  -0.0002   4
Clone 13 102.7  114.3  299.6  338.4  -0.0003   5
16783  319.1  423.0  243.4  350.5  -0.0015   6
16808  387.6  466.2  203.2  286.4  -0.0028   7
16785  448.3  489.6  172.1  281.0  -0.0072   8

revealed a heightened performance of the accessions 
under regular watering regime compared to irregular 
watering regime (Table 6). This could be attributed to the 
water availability under regular watering regime which 
enhances Napier grass grass performance (Barnes et al., 
2007; Yanxian et al., 2008). 

Moreover, under re-inoculation in regular watering 
regime the accession exhibited heightened performance 
compared to those inoculated once under the same 
watering regime with exception of Kakamega 1 and 

accession 16785 as indicated on Table 6. This could be 
attributed to heightened physiological processes of the 
accessions as dictated by their genotypic variations to 
limit another round of infection under re-inoculation 
in quantitative resistance scenario (Roy and Kirchner, 
2000). Further, Clone 13 performance was better than 
some asymptomatic accessions, a scenario that could 
be attributed to hemibiotrophic nature of the pathogen 
(NAFIS, 2012) where in the early stages of growth the 
pathogen behaves latent giving susceptible accessions 
ability to perform.

Table 5. Efficacy indices based on fresh biomass yield of the accessions under regular watering regime reinoculated
Accessions Total yield fresh weight (grams) 
   Ratoon 1 Ratoon 2 Efficacy indices (e)  Rank 
16805   289.9  621.6  0.0117   1
16783   525.7  1173.6  0.0097   2
16811   479.6  735.7  0.0020   3
16808   531.8  1000.9  -0.0014   4
16785   519.8  550.4  -0.0043   5
16902   829.7  1301.3  -0.0117   6
Kakamega 1  712.7  871.8  -0.0160   7
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Conclusion
• The form of resistance involved seemingly is 

quantitative resistance basing on the heterogeneous 
response pattern among the neighbour joining groups 
and smutting of asymptomatic accessions 16785 and 
16808 under irregular watering regime.

• The novel technique can estimate the magnitude of the 
accessions efficacies basing on the generated values, 
hence can be used to develop a scale of screening 
resistance.

Recommendations
• Real time PCR as an example of available techniques 
should be used to validate the efficacy of the 
respective accessions’ host plant resistances.

• In addition, there is need for field trials to be 
conducted at different agro-ecological zones to 
validate the efficacy and magnitude formulas under 

Table 6. The efficacy magnitudes of the accessions exclusive of their growth capacity
Efficacy magnitudes of the accessions across the treatments
Accession Efficacy Magnitude under  Efficacy Magnitude under  Efficacy magnitude under 
  Irregular watering regime regular watering regime  regular watering 
  inoculated once   inoculated once   regime re-inoculated
16902   13.3   0.2    2.5
16811   5.3   6.9    10.1
Kakamega 1  4.4   2.3    0.3
16805   3.9   12.4    15.5
Clone 13  3.8   1.5    NOT TESTED (DRIED)
16783   3.2   6.8    14.4
16808   2.4   7.2    8.2
16785   0.1   10.1    6.6

field conditions before the accessions are released to 
farmers.
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Abstract
Napier head smut affects Napier grass (Pennisetum purpureum Schum.) production in Central Kenya causing 
significant herbage yield losses. This constraint has risen significantly along with the demand for feed by the growing 
dairy sector. A virulent strain of the pathogen is presumed to have emerged which has affected the development of 
resistant varieties to this disease. This scenario usually is preceded by a phase when the pathogen’s virulence imposes 
the selection of the resistance in the host first in their natural habitat. Therefore, the objective of this study was to 
determine whether the selected resistant accessions exhibited any indications of selection bias to origin as may 
be imposed by pathogen pressure. An experiment in completely randomized design was set up at KARI-Muguga 
south glasshouses to evaluate the resistance trend among the screened accessions. The number of smutted tillers 
was determined to generate proportions of smutting and evaluation of the neighbor joining groups. The accessions 
exhibited predominant differences in their smutting proportions ranging from 0% to 90.22%. These differences 
were further manifested in their respective neighbour joining groups in terms of smutting vis-à-vis non-smutting 
proportions. The results indicate that differences in napier accessions response to head smut disease challenge exist 
and those asymptomatic accessions exhibit a seemingly imposed response through the process of co-evolution. 
Therefore, effective mitigation of the head smut disease using host plant resistance tactic is possible if a farmimg 
system strategy which emphasizes on planting varieties of mixed resistance levels in farms in an integrated pest 
management approach is encouraged to slow the likely selection of the pathogen to a more virulent strain due to high 
resistance pressure from the accessions. 

Introduction
Napier grass is a fodder crop of paramount importance 
in Kenya, grown by over 70% of the smallholder dairy 
farmers (Staal et al., 1998; Martha et al., 2004; Anitha et 
al., 2006). The growing of the fodder crop has been on 
the rise in tandem with the growth of the dairy industry 
(Farrell et al., 2002; Orodho, 2006; ASARECA, 2010). 
Further, the crop has emerged as an important trap crop 
in the push-pull technology used to control maize stem 
borers (Midega et al., 2008; Khan et al., 2010), besides 
its use as an energy crop due to its high biomass (Hanna 
et al., 1999). Despite these multiple uses the crop exhibits 
a weighty production constraint which is the napier head 
smut disease caused by Ustilago kamerunensis (Farrell 
et al., 2002; Orodho, 2006). In Kenya it is widespread 
in Central region causing significant biomass losses of 
between 25-46% (Farrell et al., 2000; Orodho, 2006). 
Moreover, of concern is its continual spread to other parts 
of the country for instance, the Rift-valley and lower 
Eastern (Lukuyu et al., 2012). 

Coupling the above spread of the disease to new areas 
there has been a worrying presumption that the strain of 

the pathogen in Central Kenya is the most virulent in East 
Africa basing on the high herbage yield losses witnessed 
(Kung’u and Waller, 2001; Farrell et al., 2002). In such 
a scenario where a virulent strain of a pathogen exists 
in a region, it is attributable to certain environmental 
pressures, top of the list being the intensity of resistance 
subjected to the pathogen by the host plants (Rausher, 
2001). Therefore, if whatsoever the presumption holds 
according to Rausher (2001) and Friedman and Baker 
(2007), the scenario of a plant’s resistance forcing the 
pathogen to evolve into a virulent strain is preceded by 
an initial phase, when the pathogen itself forces the plant 
to develop resistance against it first, through natural 
selection to limit overexploitation. Therefore, this study 
sought to establish whether the proportions of selected 
resistant accessions to head smut disease exhibited 
any indications selection using napier accessions from 
various parts of the world. Since, the disease has never 
been reported anywhere else in world other than African 
(Farrell, 1998).

Materials and methods
This study was conducted at the National Agricultural 
Research Centre (KARI-Muguga South) glasshouses. 
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The napier grass accessions molecularly characterized 
into clusters of molecular similarity (Neighbour joining 
groups) by Lowe et al. (2003) were used. The accessions 
from various regions of the world had been acquired from 
ILRI gene bank and bulked at KARI Muguga South for 
experimentation (Table 1). 

Asymptomatic accessions’ identification through 
screening 
The selection of asymptomatic accessions was 
determined through screening of the Napier accessions. 
The methodology used was as described by Farrell (1998) 
but as modified by Mwendia et al. (2006). The treatments 
comprised of the 56 ex-ILRI napier accessions (Table 1) 
with 4 cultivars; Kakamega 1 and Kakamega 2 (being 
used as negative checks against the disease since they 
have been validated as resistant (Mwendia, 2007)) and 
Farmer bana and Clone 13 (being used as positive checks 
against the disease due to their observed susceptibility 
(Farrell, 1998)).

Experimental design
Six canes per accession were cut at three internode length 
and sheaths removed to expose two live buds at the nodes 
in all canes (Farrell, 1998). Two inoculated canes were 
planted in each of the three pots per accession giving six 
data points per accession for measurement.

Napier planting materials and preparation of the 
innoculum was done following the procedure described 
by Mwendia et al. (2006). The innoculum of Ustilago 
kamerunensis ustilospores was prepared and standardized 
using haemocytometric techniques as per (Kinyua, 2004). 
The concentration target was 5×106 spores/ml as used 
previously in the screening of Kakamega 1 (Farrell, 
1998). Accessions inoculation was by dipping method as 
described by Mwendia et al. (2006) and Farrell, (1998). 
The inoculated canes were then planted in plastic pots of 
between 27 cm diameter filled with potting mixture. The 
canes were planted at an angle with one third of the cane 
above the soil (Boonman, 1993). The potting mixture 
comprised of non-sterile soil, gravel and cattle manure at 
a ratio of 4: 1: 0.75 respectively. The watering was once 
a day with daily examination being conducted from the 
8th week. Fresh and dry sample weights of the accessions 
that had not smutted were determined by selecting 
randomly two tillers from each stool of the two canes 
planted per pot, and their percentage dry matter measured 
as described by AOAC (1994).

Results and discussion
Identification of the asymptomatic accessions to head 
smut disease
The screening experiment revealed the existence of 
predominant differences in the levels of smutting as 
indicated on table 3. A total of 38  accessions smutted 
within the first 24 weeks without cutting back with a 
mean smutting level of 51.61% ± 20.7%. The smutting 
was 3.13% to 90.22% for the least and most smutted 
accessions 16838 and 14984 of the hybrid and USA 
1 neighbour joining groups respectively. However, 
differences were observed in another group of 18 ex-
ILRI accessions on table 2 which included the three local 
Napier grass variety checks (Kakamega 1, Kakamega 2 
and Farmer Bana) which did not smut at all by the end 
of the 24 week screening period. The scenario of non-
smutting by some accessions (Table 2 )and the continuum 
nature of smutting observed among the symptomatic 
accessions (Table 3), amidst the removal of physical 
barriers like leaves and bud scales from all the accessions 
before they were inoculated and still the differences 
emerged, could be attributed to their varying capacities 
of internal resistance mechanisms of controlled by their 
genomes with varying levels of expression in resisting 
the Ustilago kamerunensis establishment in vivo. These 
genotypic variations have been reported by Lowe et al. 
(2003) and Anitha et al. (2006) among the Napier grass 
accessions.

General observation of the response patterns across the 
neighbour joining groups, one striking feature was the 
fewer asymptomatic accessions selected compared to 
the symptomatic ones (Tables 2 and 3). The USA 2 and 
USA 1 had the most smutted accessions at 90.9% and 
80% respectively. In addition, these region had the lowest 
numbers of resistant accessions selected (Fig. 2). groups 
had the least non-smutted (asymptomatic) accessions 
at 9.1% and 20% respectively. The Southern Africa 
group had the least smutted accessions at 57.1% and the 
most non-smutted (asymptomatic) at 42.9%. Further, 
as observed on Table 3, the top four most smutted 
accessions came from the USA 2 and 1 neighbour joining 
groups. Whereas of the least smutted four accessions 
(Table 3) no USA 1 and 2 neighbour joining groups’ 
accessions were observed. This could be attributed to 
the effects of co-evolution where the pathogen being an 
African disease has led to development of resistance in 
the accessions over time in a bid to co-exist and limit 
pathogen damage of the accessions (Rausher, 2001; 
Friedman and Baker, 2007). 
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Accession Species description Neighbour-joining 
group 

Source/Origin 

18662 Pure species Unknown Unknown 
18438 Pure species Unknown Unknown 
14982 Hybrid Hybrid Unknown 
14983 Pure species East Africa Unknown 
14984 Pure species USA 1 Unknown 
15357 Hybrid USA 1 Unknown 
15743 Pure species USA 2 Cultivar Mott 
16621 Pure species Miscellaneous Namibia 
16782 Pure species East Africa Tanzania 
16783 Pure species Miscellaneous Tanzania 
16785 Pure species Southern Africa Tanzania 
16786 Pure species Southern Africa Swaziland 
16787 Pure species Southern Africa Swaziland 
16788 Pure species East Africa Swaziland 
16789 Pure species Southern Africa Swaziland 
16790 Pure species USA 2 Swaziland 
16791 Pure species South Africa Swaziland 
16792 Pure species Southern Africa Mozambique 
16793 Pure species Miscellaneous Cuba 
16794 Pure species East Africa Mozambique 
16795 Pure species Southern Africa Zimbabwe 
16796 Pure species East Africa Zimbabwe 
16797 Pure species East Africa Zimbabwe 
16798 Pure species Southern Africa Zimbabwe 
16799 Pure species Miscellaneous Zimbabwe 
16800 Pure species Southern Africa Zimbabwe 
16801 Pure species Southern Africa Zimbabwe 
16802 Pure species East Africa Zimbabwe 
16803 Pure species Southern Africa Zimbabwe 
16804 Pure species Southern Africa USA 
16805 Pure species USA 2 USA 
16806 Pure species Southern Africa USA 
16807 Pure species USA 2 USA 
16808 Pure species East Africa USA 
16809 Pure species East Africa USA 
16810 Pure species East Africa USA 
16811 Pure species USA 1 USA 
16812 Pure species USA 2 USA 
16813 Pure species USA 1 USA 
16814 Pure species USA 2 USA 
16815 Pure species USA 1 USA 
16816 Pure species USA 2 USA 
16817 Pure species USA 2 USA 
16818 Pure species USA 2 USA 
1026 Pure species unknown Unknown 
16821 Pure species USA 2 Zimbabwe 
16822 Pure species East Africa Malawi 

 

 

16834 Hybrid Hybrid Unknown 
16835 Hybrid Hybrid Unknown 
16836 Pure species Southern Africa Unknown 
16837 Hybrid Miscellaneous Unknown 
16838 Hybrid H Hybrid Unknown 
16839 Pure species USA 2 Unknown 
16840 Hybrid Hybrid Unknown 
16902 Hybrid Hybrid Unknown 
18448 Unknown Unknown Tanzania 
Source: Lowe et al. (2003)   

Table �: Ex-ILRI accessions
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Table 2. Selected asymptomatic (non-smutted) accessions from experiment one
Napier accessions Neighbour joining groups Number of tillers Dry matter%
16797   East Africa `  42   21.14%
16808   East Africa   28   19.88% 
16902   Hybrid    26   24.10% 
16836   Southern Africa   25   21.08%
16805   USA 2    25   22.61% 
16787   Southern Africa   23   21.69%
16785   Southern Africa   21   27.85% 
Kakamega 2  Unknown   18   23.93%
Farmer Bana  Unknown   17   22.76%
16806   Southern Africa   17   20.08%
16783   Miscellaneous   15   23.83% 
18448   Unknown   15   23.33%
16782   East Africa   14   22.31%
Kakamega 1  Unknown   14   22.36% 
16796   East Africa   14   21.67%
16789   Southern Africa   12   23.78%
16811   USA 1    12   24.68% 
16800   Southern Africa   11   20.51%
16786   Southern Africa   10   22.76%
16793   Miscellaneous   10   20.56%
16835   Hybrid    8   22.23%

Coupling the above observations, majority of all the 
selected asymptomatic (non-smutted) accessions 
accounting for 55.56% during the screening had their 
origin from Africa as shown in Figure 1. This was 
followed at a far second by those from outside the 
African continent that accounted for 27.77% proportion. 
Moreover, a further analysis of the accessions neighbour 

joining groups, a selection bias was observed. The 
Southern Africa neighbour joining group had majority 
of its member accessions selected as asymptomatic 
against the disease at 35.29% of the total asymptomatic 
accessions selected. The South Africa group was followed 
by East Africa group at 23.53% and the USA 1 and 2 
groups exhibited the least asymptomatic accessions 

Fig. 1. Potential effects of co-evolution on the selected asymptomatic (resistant) Napier grass accessions in a region biased selec-
tion scenario during screening for resistant accessions
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Napier 
accessions 

Neighbour 
joining 
groups 

Total 
number of 

tillers 
Number of 

smutted tillers 
Proportion of 

smutting Rank 
14984 USA 1 92 83 90.22% 1 
16821 USA 2 55 47 85.45% 2 
15743 USA 2 90 73 81.11% 3 
16807 USA 2 103 83 80.58% 4 
16621 Miscellaneous 51 39 76.47% 5 
16798 S. Africa 44 33 75.00% 6 
16818 USA 2 44 32 72.73% 7 
16810 East Africa 72 52 72.22% 8 
14983 East Africa 47 33 70.21% 9 
15357 USA 1 52 36 69.23% 10 
18662 Unknown 27 18 66.67% 11 
16834 Hybrid 43 28 65.12% 12 
18438 Unknown 31 20 64.52% 13 
16801 S. Africa 58 36 62.07% 14 
16804 S. Africa 74 45 60.81% 15 
16794 East Africa 40 24 60.00% 16 
16840 Hybrid 28 16 57.14% 17 
16813 USA 1 27 15 55.56% 18 
16822 East Africa 63 33 52.38% 19 
16788 East Africa 41 20 48.78% 20 
16792 S. Africa 35 17 48.57% 21 
16790 USA 2 25 12 48.00% 22 
16802 East Africa 29 13 44.83% 23 
16814 USA 2 39 17 43.59% 24 
16815 USA 1 41 17 41.46% 25 
16839 USA 2 33 13 39.39% 26 
16817 USA 2 28 11 39.29% 27 
14982 Hybrid 34 13 38.24% 28 

Clone 13 Unknown 42 16 38.10% 29 
16812 USA 2 29 11 37.93% 30 
16799 Miscellaneous 22 8 36.36% 31 
16791 S. Africa 42 14 33.33% 32 
16809 East Africa 19 6 31.58% 33 
16803 S. Africa 29 9 31.03% 34 
16816 USA 2 33 10 30.30% 35 
1026 Unknown 54 16 29.63% 36 
16795 S. Africa 18 3 16.67% 37 
16837 Miscellaneous 33 5 15.15% 38 
16838 Hybrid 32 1 3.13% 39 

selected at 5.88% each as illustrated on Figure 2. 
Moreover, within each neighbor joining group still the 
Southern Africa group exhibited the highest proportions 
of asymptomatic accessions at 42.9% as shown on Figure 
3, whereas the USA 1 and 2 had the highest proportions 
of smutted accessions within their neighbor joining 
groups (Fig. 3). This affirms further the seemingly co-

evolution effect whose intensity seems to concentrate 
towards the Zambezi valley (Fig. 4) where Napier grass 
traces its origin (Boonman, 1993). This concentration 
is explained by the East Africa neighbour joining group 
that came second after the Southern Africa, whereas USA 
1 and 2 which are far away from the Zambezi Such a 
scenario is worrying as this can lead to evolution of the 

Table 3: Smutting proportions of the various screened susceptible accessions

Napier grass head smut disease - challenges and implications of imposed resistance on selected accessions
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Fig. 2. Proportions of asymptomatic accessions out of the total selected per neighbour joining group showing the selection orientation towards 
some groups in having the largest number of accessions expressing resistance selected against the head smut disease

Fig. 3. Proportions of asymptomatic versus symptomatic accessions selected within each neighbour joining group
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pathogen (U. kamerunensis) into a more virulent form in 
a second phase’s selection pressure from the widespread 
use of selected resistant accessions against the pathogen 
(Rausher, 2001). 

Conclusions
• Co-evolution process seemingly plays a role in the 

resistance development in the napier grass accessions, 
basing on the fact that the pathogen has not been 
reported elsewhere in the world and the napier grass is 
indigenous to the Zambezi valley in the South Africa 
region.

• The ability of Napier grass’ to resist the pathogen 
varies basing on the continuous nature of smutting 
observed that ranged from 3.13% to 90.22%. 
Moreover, the selection of the accessions that did not 
smut at all (0% proportion of smutting) after the 24 
weeks of screening affirmed these variations.

Recommendations
•  There is need for farmers to adopt a farmimg system 

strategy with varieties of mixed resistance in their 
farms in an integrated pest management approach. 
This is to abate a likely selection of the Ustilago 
kamerunensis into a more virulent strain due to 
resistance pressure in cases where only highly 
resistant accessions are taken up by farmers. 

• There is need for field trials to be conducted at 

different agro-ecological zones for the selected 
asymptomatic accessions to further their assessment 
under field conditions and regular cutting frequency 
before their release to farmers. 
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Abstract
Napier grass (Pennisetum purpureum Schumach.) is an important forage crop in east Africa especially for stall feeding 
systems. Clones for Napier stunt disease resistance needs to be diverse in order to tap on variation of candidate genes. 
In this study the diversity of Napier grass was assessed in relation to Napier Stunt disease using Simple Sequence 
Repeats. A total of 96 samples out of 116 were studied using 25 selected markers. The mean polymorphic loci 
index was 91.11% with the lowest as Alupe population at 85.19% while Busia and Butere at 94.44% each were the 
highest. Shanon information index was 0.028-0.492 while Nei’s diversity index was 0.021-0.329.Nei genetic distance 
was -0.002-0.047 while identity was 0.954-0.985. Averagely, interpopulation diversity was low as compared to 
intrapopulation diversity which reflected the total diversity of the Napier clones studied.

Introduction
Dairy farming is vital for the livelihoods and food 
security of millions of Kenyans. More than 80% of milk 
produced and sold in Kenya comes from smallholder 
farmers having one or two dairy cows on small plots of 
land (Lekasi, 2000). 

Kenya has over 3 million dairy herds, the largest in 
Sub-Saharan Africa and 75% of which are kept by stall 
feeding (Orodho, 2006). Many of the feeding units are 
found among the poor households in densely populated 
areas of Central, Western, Central Rift Valley and some 
parts of Coast region of Kenya. Stall feeding is also rising 
due to the inevitable spread of aridity by Climate change, 
and shrinking rangelands.

Napier grass is a perennial C4 monocot originating from 
Africa that grows in bamboo-like clumps (Anderson et 
al., 2008),may reach 10 m in height (Boonman, 1997), 
and  is the livestock fodder of preference in all stall 
feeding systems in Kenya. Farmers in western Kenya use 
over 30% of their land for Napier grass (Lekasi, 2000), 
and some are grown on the roadsides. Valued for its high 
biomass, perennial nature, high leaf nutritive value and 
moderate pest resistance (Bhandari et al., 2006), Napier 
grass is cultivated for forage majorly in South America 
and Africa (Hanna et al., 2004).It tolerates a wide range 
of soil conditions, has good drought tolerance, has high 
photosynthesis efficiency and good water use efficiency 
(Anderson et al., 2008). Napier grass also traps cereal 

stem borer insect pest. Many cereal farmers especially in 
western Kenya usually establish a hedge of Napier grass 
around the cereal plots to trap and control the pest in 
push- pull technology (Khan et al. 2001).

It survives aridity and its deep roots and rhizomes prevent 
soil erosion. However, utilization of Napier grass in 
Kenya is threatened by Napier stunting disease caused by 
phytoplasma 16sr XI.
Napier grass stunt disease has been shown to have 
devastating effect on smallholder dairy farmers in Kenya 
(Lusweti et al. 2004).Stunted plants with low biomass are 
unable to sustain feed requirements of dairy cows hence 
farmers are forced to reduce their herd size with related 
reduction in farm income in the absence of alternative 
feeds. Phytoplasma 16sr XI is closely related to those 
that cause Rice Yellow Dwarf, Sorghum grassy shoot, 
Sugarcane white leaf and Sugarcane Yellow leaf (Jones et 
al., 2004, 2006) therefore, there is a risk that the disease 
will spread to infect sugarcane, rice, sorghum etc, leading 
to  food insecurity in Kenya.

Farmers have benefited from the management strategy 
measures that have been packaged by researchers and 
other stakeholders through extension offices at various 
levels of administration. Farmer’s management strategies 
are temporary which needs to be supplemented with 
production of tolerant/resistant high yielding clones 
adaptable to these regions. The convenient approach is 
to develop resistant clones from a broad base of genetic 
diverse collections.
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Materials and methods
Plant materials
Napier grass clones were collected from farmers in five 
districts of the western province of Kenya where Napier 
stunting disease is highly prevalent. The collection 
districts were; Busia, Bungoma, Butere, Mumias and 
Alupe in May 2011.These clones were compared to the 
ones collected in 2009 in ASARECA project and similar 
clones were not included in the study.

A total of 215 Napier clones were collected which were 
compared to the already existing live germplasm at 
KARI-Alupe sub-center. Amongst these, a total of 99 
clones were similar to the ones in the live germplasm 
and were excluded from the study though they were 
maintained as duplicates. In total, 116 clones that were 
unique were studied both for molecular diversity. Three 
non chlorotic young leaves were harvested for the 116 
clones using a surgical blade and methylated spirit and 
stored in medical envelopes containing silica gel to 
initiate gradual drying. These samples were stored at 
KARI Kitale Pasture laboratory and later delivered to 
Biosciences East and Central Africa (BeCA) ILRI hub 
Nairobi for diversity studies. 

DNA extraction and quantification
Genomic DNA was extracted from dried young leaves 
using modified cetyl-trimethylammonium bromide 
(CTAB) method (Doyle and Doyle 1987). 300 mg of leaf 
tissue was grounded to fine powder in liquid nitrogen 
using pestle and mortar and was transferred into 1.5 ml 
microfuge tubes.  600µl of hot extraction buffer (2% 
CTAB, 1M Tris HCl pH 8.00.,5M EDTA, 5M NaCl, 
0.1% β- Mercaptoethanol) was added. The CTAB/plant 
extract mixture was gently vortexed to homogeneously 
mix and   incubated at 65°C for one hour. The mixture 
was left to cool down at room temperature after which 
600µl Chloroform: Isoamyl alcohol (24:1) was added 
and mixed gently by inversion. Plant extract mixture 
was centrifuged at 4000rpm for 10 minutes to allow 
spinning down of cell debris. The upper aqueous phase 
was transferred into sterilized 1.5 ml microfuge tubes. To 
the aqueous layer, 600μl ice cold iso propanol was added 
and the tubes inverted slowly several times to precipitate 
the DNA. The samples were stored in the fridge at -200C 
overnight to allow maximum precipitation. Following 
precipitation, centrifugation was done at 14,000rpm for 
30mins and supernatant poured. The precipitated DNA 
was washed by adding 600 µl ice cold 70 % ethanol. The 
pellet was dried at room temp for approximately one hour 

with caution not to allow DNA to over dry. The DNA was 
suspended in 50 μl low salt Tris-EDTA (TE) buffer (10 
mM Tris–HCl pH 7.5, 1 mM EDTA).Removal of total 
RNA was done by addition of 10mg/ml RNase in each 
tube and incubated at 370C for 20 minutes to leave only 
DNA. This was followed by precipitation of DNA in 
absolute ethanol, incubated for 30 min then centrifuged 
at 4000 rpm for 20 min. DNA pellet was washed in 70% 
ethanol twice, air dried and re-suspended in low salt TE 
buffer. The concentration of the DNA was determined 
using Nanodrop which by applying Beer and Lambert 
law, correlates the absorption of light by Nucleic acids to 
the sample concentration at 260 and 280 nm. The purity 
of DNA was determined by the ratio of absorbance at 
260/280nm.For PCR templates, DNA were normalized to 
20ng/μl and stored at -20°C awaiting genotyping.

DNA Amplification with Microsatellite Markers
A total of 85 microsatellite primer pairs were tested in 
Napier grass. These markers were originally identified 
in pearl millet from genomic DNA (Budak et al., 2003; 
Allouis et al., 2001) and expressed sequence tags (Mariac 
et al., 2006). All primer pairs were first tested using 4 
samples each from a different county. Polymerase chain 
reaction was performed in 10 μl reaction volume as 
follows: 1µl of 10xPCR reaction buffer, 1µl each of 0.5 
μM forward and reverse primer, 1.5 mM MgCl2, 0.2µl 
of 10mM dNTPs (Invitrogen), 0.04µl of 5U/µl of Dream 
Taq DNA Polymerase (Promega), 4.76µl of PCR water 
and 2µl of 20ng/µl genomic DNA. Polymerase chain 
reaction was performed on a GeneAmp 9700 thermo 
cycler (Applied Biosystems) with the following profile: 
initial denaturation step at 94°C (5 min) followed by 
35 cycles of 94°C (45 s), primer pair specific annealing 
temperature (45 s), and 72°C (1 min); and a final 
extension cycle for 30 min at 72°C.

Preparation of PCR products for ABI PRISM® 3730 
fragment analyzer
Samples were amplified using primer pairs of which the 
forward were labeled with a capillary based dye: 6FAM 
(Blue), PET (Red), VIC (Green) and NED (Yellow).The 
PCR products were diluted using milliQ water in a ratio 
of 1:4.Internal standards were prepared by adding 10 μl 
of GeneScan. 500 LIZ®   (Orange) standard (stored at 4o 
C) to 1 ml of HiDi® formamide (stored in aliquots of 1 
ml at -20 oC) and mixed by pipetting.

One μl of dilute PCR product was pipette into individual 
wells of the microtitre plate.9 μl of the standard/
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was determined using Principal component analysis and 
Un-weighted Pair Group Method with Arithmetic mean 
(UPGMA) using DARwin 5 software.

Results
Genetic diversity
From the initial 85 primers screened, 25 were able to 
distinguish between inter and intra-population diversity 
sufficiently. The 25 primers generated electro-pherograms 
with high relative fluorescent units without background 
noise and were used in genotyping. SSR fragments 
ranged from 50 to 300 base pairs.

Gene and genotype frequencies for most of the clones 
were within the Hardy-Weinberg limit.80% (20 of 25) of 
the primers in Alupe showed that the gene and genotype 
frequencies would remain the same generation after 
generation.48% (12 of 25) in Bungoma and Butere,36% 
(9 of 25) in Busia and Mumias.

The expected heterozygosity He was high in Mumias 
clones at 0.498 and lowest in Alupe at 0.481.Averagely, 

formamide mix was transferred into individual wells of a 
microtitre plate and mixed by pipetting. Sample sheet was 
prepared and sent to SEGOLI unit via e-mail for fragment 
analysis

The 85 primers were screened for suitability in diversity 
studies using GeneMapper® Software Version 4.0 for 
allele scoring. A total of 25 primers were selected based 
on suitability of the primers to discern appropriately 
between samples.

Data analyses
Primer suitability was determined using GeneMapper® 
Software Version 4.0 and analyzed using Power marker 
v 3.25 software. The ability of primer pairs to distinguish 
the accessions was evaluated by the resolving power 
(Rp) defined by Gilbert et al. (1999) as follows: Rp = 
Σ Ib and Ib = 1– [2 × (0.5– p)] where Ib is the allele 
informativeness and p is the proportion of accessions 
sharing the I allele (Gilbert et al., 1999). Genetic diversity 
and analysis of molecular variance were determined using 
GenAlex software. The relationship between the clones 

Table 1. Expected heterozygosity He, uHe and Shannon 
diversity index I in the five subpopulations 
Population   He uHe I
Alupe Mean  0.481 0.511 0.794
 SE  0.024 0.026 0.045
Bungoma Mean  0.490 0.503 0.846
 SE  0.031 0.032 0.056
Busia Mean  0.494 0.509 0.863
 SE  0.030 0.031 0.054
Butere Mean  0.491 0.506 0.861
 SE  0.031 0.032 0.056
Mumias  Mean  0.498 0.509 0.872
 SE  0.033 0.033 0.057
Total Mean  0.491 0.503 0.847
 SE  0.013 0.014 0.024

Table 2. Polymorphic loci (%) in sub populations 
Population Alupe  Bungoma    Busia     Butere Mumias     Mean     SE
Percentage 85.19%  88.89%      94.44%    94.44% 92.59%     91.11%   1.80

Table 3. F statistics table showing different fixation 
indices
F statistics  Value P (rand>=data)
Fst    0.006 0.090
Fis    0.095 0.001
Fit    0.100 0.001

Genetic diversity of Napier grass in western Kenya
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the expected heterozygosity was 0.491 (Table 1).
Mumias sub population had the highest Shannon index 
value at 0.872 while Alupe had the lowest value at 0.794.
Averagely the primers used in this study had an indices of 
0.847 indicating high heterozygosity and subsequent gene 
diversity in the entire population.

The level of polymorphism (proportion of polymorphic 
loci) in different loci across all the populations ranged 
from 85.19% to 94.44% in Alupe and in Busia and Butere 
respectively. The average polymorphism across all loci in 
the population was 91.11%.

Partitioning of genetic variation
Measures between the mean heterozygosity among the 
sub populations was also determined using F statistics. 
The Mean Fis, Fit, Fst values were 0.095, 0.100 and 
0.006 respectively.

Analysis of molecular variance (AMOVA) comparing 
intrapopulation and interpopulation diversity was 
calculated. Variation within individuals in each of the 
five sub populations accounted for 90% of the total 
variation.9% and 1% of the total variation was observed 
among individuals and among populations respectively. 

Fig 1. Analysis of molecular variance table (AMOVA) for the 5 sub populations

Fig 2. Principal component analysis of the 5 sub populations
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The variance components obtained by AMOVA were 
highly significant (P, 0.001).

Principal component analysis (PCOA) was used to show 
clustering of the clones. The clones clustered into two 
major groups which were not geographically specific.
Genetic distances between and among the 5 Napier grass 
sub-populations were subjected to hierarchical clustering 
by Neighbor joining. This yielded two distinct clusters 
which did not reflect the geographical locations of the 
cultivars with overlapping among cultivars spread across 
different clusters.

Discussion
Transferability of Microsatellite Markers
This work intended to determine the extent to which 
primers designed for the amplification of SSR loci 
in other species close to Napier grass can be used for 
assessing genetic diversity in Napier grass. This was 
to take advantage of the fact that Microsatelites are 
codominant locus specific, highly polymorphic and 
reproducible. Microsatelite however requires prior 
sequence information which is not available for Napier 
grass. This hence leads to a difficulty in designing of SSR 

primers specific to Napier grass. 

Out of the 86 primers used, 25 (29 %) showed 
transferability. This is a clear indicator and confirmation 
of a previous study done by Azevedo et al. 2012 where 
55.5% of the primers used drawn majorly from Pearl 
millet amplified Napier grass clones used. This study 
extended the microsatellite primers used to include 
maize, sorghum and rice and reduced the primers that 
were initially used by Azevedo.

Peakall et al. (1998) reported the rate of cross 
amplification rate of microsatellite markers between 
species of the same genus based on three cacao species to 
vary from 50 to 100%. 

This is thought to be attributed to the fact that most of 
the plant genome sequences are repetitive and that these 
repeat motifs could be similar or closely similar to closely 
related plant species or homologus genomes.

The rate of transferability from rice (Oryza sativa) with a 
small genome to wheat (Triticum aestivum) with a large 
genome ranged from 40% to 50% (Gupta et al., 2003).

Fig 3. Dendograms showing different cluster groups of Napier grass

Genetic diversity of Napier grass in western Kenya
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With successful transferability using primers from varied 
plant species, it clearly indicates that the closer the 
species, the higher the rate of transferability. However 
sequencing should be done to confirm the positions of 
the repeat motifs in the Napier genome as seen by the 
Gene Mapper. This information also shows that the 
genome sequence of Napier grass  can be assembled and 
annotated using primers from other plant species and 
that this could highly assist in the development of primer 
specific  to Napier grass. 

Genetic diversity and population structure
Genetic diversity based on intra-population and inter-
population diversity of the clones studied was expected to 
show a clear distinction of the various collection origins 
in Western Kenya.

Interpopulation diversity (that quantifies differentiation 
between different populations in the regions studied) 
was low and accounted for only 1% of the total diversity. 
This means that the five populations studied cannot be 
differentiated and that this could also have an impact in 
development of a breeding population which basically 
needs a diverse gene pool for future selection and to 
avoid genetic bottlenecks.

Intra-population diversity was relatively high accounting 
for 90% of the total diversity observed. This could be 
attributed to the fact that Napier grass is a clonal plant 
with low seed setting and germination and is spread by 
asexual stem and root reproduction. Due to this, gene 
flow is low and most genetic variation resides within 
rather than between individual clones because vegetative 
propagation rarely leads to creation of variability between 
populations. 

Another probable reason for high intra population 
variation may be caused by Napier grass being a highly 
heterozygous tetraploid species with a rich gene pool and 
wide parental diversity (Azevedo et al. 2012). 
The genotypes investigated did not show clear cut 
clusters and clades to partition the populations according 
to the district of collection. This could also be attributed 
to high asexual reproduction as compared to sexual 
nature of Napier grass pollen grains which then leads 
to distribution of these clones amongst farmers in the 
same district, different districts and beyond. This finding 
supports that by Azevedo and Wanjala (Azevedo et 
al. 2012, Wanjala et al. 2013) using SSR and AFLP 
respectively .Other fodder grasses including Rhodes grass 

(Chloris gayana Kunth) (Ubi et al. 2003) also showed 
similar results.

Conclusion 
Napier grass gene pool studied so far show less diversity 
between populations in the western region which means 
that the entire gene pool in western region are at a risk to 
be wiped by any emerging disease with NSD being the 
main.

Recommendation
The study recommends the following;

• There is need to increase the gene pool through 
introductions of wild type materials and even from 
other countries where there is minimal or no NSD or 
any other disease threat.

• Breeding for resistant Napier clones to NSD will not 
be possible without a proper understanding of Napier 
grass genome. Much research has to be invested in 
understanding chromosome mapping, gene tagging 
and sequencing the entire genome. Most successful 
plants even closely related species like Pennisetum 
glaucum, has been overwhelmingly studied and 
much information is available for easy and targeted 
breeding using Molecular breeding techniques such as 
MAS (Marker Assisted Selection). 

•  Development of a fast and simple platform for simple 
genotyping studies whenever possible to ascertain the 
nature of introduced clones especially from the wild 
types and other countries.

• Identify alternative fodder crops to Napier grass with 
similar or superior qualities. 
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Abstract
Dairy goats are an important source of milk with higher nutritional and health benefits to humans. Besides, they are 
also a source of income for goat keepers through the sale of breeding stock and milk. The major dairy goat breeds in 
Kenya are the Alpine, Toggenburg and Saanen, and their crosses with the local goats. However, the milk productivity 
of the dairy goats in Kenya is lower than their potential. The constraints that face the dairy goat sub-sector in Kenya 
that need to be addressed have not been well documented. Therefore a study was conducted in Kenya, in six sub-
counties within Kericho and Bomet counties in Central Rift Valley region, as a part of a wider study targeting six 
counties. Questionnaires were administered to farmers while key informant interviews were conducted among 
livestock production officers and Dairy Goats Associations officials. The objective was to obtain information on 
the performance, constraints and potential of dairy goats in the counties as part of an effort to identify priorities for 
future research activities on dairy goats. Results indicated that farmers kept about three dairy goats per household 
with average milk production of only 1.2 L/goat/day. Milk was mainly for domestic consumption, with only 12% 
of the farmers reporting incomes from milk sales. About 40% of the farmers however, had incomes from the sale of 
breeding goats. Inadequate quality breeding stock and shortage of forages especially during the dry season were the 
major constraints to dairy goat production. Opportunities and benefits of achieving higher goat milk productivity are 
suggested. 

Introduction
Goats (Capra hircus) are useful as sources of meat, 
milk, skin, manure and for social functions. Goat milk is 
consumed by many communities in the world, and is used 
by more poor people than cow milk (Haenlein, 2004). 
Goat milk has a niche market in the management of 
milk allergy and gastrointestinal disorders, and the milk 
products such as cheese are preferred by the affluent, 
especially in the developed countries due to the unique 
taste and aroma (Haenlein, 2004). 

In Kenya, goat milk is produced by both the exotic and 
indigenous breeds, and their crosses, estimated at 17.5 
million (MoLD, 2011). The exotic dairy breeds include 
the Alpine, Toggenburg, Saanens and Anglo-Nubian 
while the indigenous breeds are mainly the Galla and 
the Small East African goat. However, the term dairy 
goat is more often used, as is the case in this paper, 
to refer to the exotic breeds and their crosses with the 
indigenous goats (CTA, 2007). Dairy goat keeping has 
emerged as an important enterprise due to its ability to 
earn income (Kinyanjui et al., 2008), through the sale 
of breeding stock and milk. The enterprise has further 
gained significance in the highlands due to decreasing 
land sizes that has made keeping of dairy cattle difficult  
(Kinuthia, 1997). Dairy goats were first introduced to 

Kenya in 1950s by the British settler farmers (Shivairo et 
al., 2013). After independence, goat breeding started in 
1970 through Food and Agriculture Organization (FAO) 
and Government of Kenya (GoK) collaboration, with 
the objective of upgrading the local goats for meat and 
milk. Other dairy goat introductions included the Alpine 
goats under the Integrated Small Scale Livestock Project 
(ISSLP) in the 1980s, Toggenburg by Farm Africa (a 
non-Governmental organization (NGO)) in 1994 (Ogola 
et al., 2010), as well as the Saanen by the Heifer Project 
International Kenya (HPIK) in 2005. The Kenya Dual 
Purpose Goat (KDPG) bred by the United States Agency 
for International Development (USAID)-supported Small 
Ruminant Collaborative Research Support Programme 
(SR-CRSP) and KARI in 1980s was able to produce 
between 1.5 and 3 L/day (Ojango et al., 2010b) but 
selection work was discontinued due to inadequate 
funding. The latest statistics indicate that there are about 
251,100 dairy goats in Kenya, of which about 85% are 
kept in the highlands of Central, Eastern and Rift valley, 
under intensive and semi-intensive production systems 
(MoLD, 2010). The increasing numbers of dairy goats 
have resulted from various introductions of the exotic 
dairy breeds and breeding within the country. However, 
milk productivity by goats at the farm level is low, at an 
average of less than one litre per goat per day (RDCoE, 
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2011). The constraints that cause this low productivity 
are scanty. Therefore, this study was an assessment of 
the performance, management and constraints of dairy 
goats in Kericho and Bomet counties, as a part of a wider 
project to determine research priorities on dairy goats in 
Kenya. 

Materials and methods
The study area 
The study was conducted in Kericho and Bomet counties 
in Central Rift Valley region of Kenya. Six sub-counties 
were selected in Kericho (Londiani, Kipkelion, Kericho, 
and Bureti) and Bomet (Bomet, Chepalungu) Counties 
where farmers had some exposure on keeping of dairy 
goats. The study areas had an annual rainfall of 1446-
1618 mm, and mean annual minimum and maximum 
temperature ranges of 7.2-9.6 and 18.4-23.1oC, 
respectively. The areas have altitude range of 1740-
2370 m, longitude of 35-35o40’East, and latitude of 0-
1o10’South (Jaetzold et al., 2006). The cropping systems 
are diverse according to the agro-ecological zone (AEZ) 
(Jaetzold et al., 2006). The study covered five AEZs in 
the upper and lower highlands, and midland zones.

Data collection and analysis
A cross-sectional survey on the dairy goat performance 
and management was conducted in 2013 using formal 
questionnaires and key informant interviews. Stratified 
systematic sampling (Moser and Kalton, 1974) was used 
in selecting the sites and respondents. Sites were selected 
where farmers kept dairy goats. In Kericho County, 
30 farmers were selected for formal questionnaires 
administration, as a part of a total sample of 180 farmers 
that were targeted in six counties. Key informants 
included District Livestock Production Officers (DLPOs) 
and Officials of Dairy Goats Associations. In Bomet 
County, only key informants were interviewed as the 
concentration of dairy goat farmers in groups was low. 
Interviewees included DLPOs, a District Agricultural 
Officer (DAO), a HPIK funded Dairy goat multiplier, 
Officials from Tenwek Community Health and 
Development Programme of Tenwek Mission hospital, 
and farmers. Interviews in both counties were conducted 
by research and extension staff. Information collected 
included farm sizes, goat numbers, sources of dairy 
goats, production system, milk prices, housing types, 
and constraints farmers faced. Data were subjected to the 
analysis of variance (ANOVA), using the General linear 
model (GLM) procedures of Statistical Analysis System 
(SAS, 1997). Means were separated using the least 

Farm size and Livestock kept
The average farm size was four acres per household, 
mainly under freehold land tenure (Table 3). Farmers kept 
an average of three dairy goats per household (Table 4), 
mainly of Alpine breed. Cows kept were mainly crosses 
of Friesian or Ayrshire breeds, while sheep included 
Merino, Corriedale and Hampshire down wool breeds. 
Chicken kept were mainly the indigenous type.

Table 2. Education levels for dairy goat farmers and 
percentage in the respective level in Kericho and Bomet 
Counties
Education level  Frequency Percentage
No formal education 5  16.7
Primary   11  36.7
Secondary  12  40.0
Post-Secondary  2  6.6
Total   30  100

significant difference (LSD).

Results
Respondents
Most farmers were over 45 years of age and almost 
67% were women (Table 1).  About 83% of the farmers 
had formal education, with almost 47% having gone to 
secondary school (Table 2).
Table 1. Age and sex of dairy goat farmers in Kericho and 
Bomet Counties
Respondents age (years)  Frequency (%)
   Male Female Total 
15-25   0 3 3 10.0
26-45   3 7 10 33.3
Over 45   7 10 17 56.7
Total   10 20 30 100

Table 3. Land tenure systems for dairy goat farmers and 
percentage under each in Kericho and Bomet Counties
Tenure system  Percentage
Freehold  92.7a
Leasehold  7.3b
LSD   10.56
LSD = least significant difference between means; Means 
bearing different letters within a column are significantly 
different (P < 0.05)

Sources of dairy goats
Over 90% of the farmers sourced dairy goats from the 
Dairy Goat Association of Kenya (DGAK) between 
2009 and 2011. The departments of Livestock and 
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Table 4. Livestock types and number kept per household 
in Kericho and Bomet Counties
Livestock type  Average number kept
Cattle   2.8a
Dairy goats  3.2a
Sheep   2.1a
Chicken  15.8b
LSD   5.55
LSD = least significant difference between means; 
Means bearing the same letters within a column are not 
significantly different (P > 0.05)

Agriculture under the Ministry of Agriculture, Livestock 
and Fisheries Development (MoAL&FD) were the main 
facilitators in Kericho and Bomet counties, respectively, 
with funds from donors. Other public and private 
organizations, and NGOs also supported dairy goat 
introductions in the counties (Table 5). 

Goat crosses were sourced at KES 6,000-15,000, with 
International Fund for Agricultural Development (IFAD) 
being a major donor. The main aim of providing dairy 
goats was to avail nutritious milk for home consumption. 

Table 5. Sources of dairy goats and organizations facilitating their acquisition in Kericho and Bomet counties
Source    Facilitating Organization    County
          Kericho   Bomet
DGAK    IFAD/FAO/VSF/MOLD collaboration  X 
    NMK Programme of MOA   X   X
    KARI’S ATIRI Programme   X     
    IFAD/SDCP of MOLD collaboration     X
    Action Aid NGO       X
    TCH&DP        X
    WWF NGO        X
HPIK goat multiplier, Bomet HPIK NGO        X
Baraka farm, Molo  Individual farmers    X   X
MGBA    Individual farmers       X
X denotes that the respective organization facilitated goat acquisition in the county; ATIRI = Agricultural Technology 
and Innovation Response Initiative; DGAK = Dairy Goat Association of Kenya; FAO = Food and Agricultural 
Organization; IFAD = International Fund for Agricultural Development; MGBA = Meru Goat Breeders Association; 
MoA = Ministry/department of Agriculture; MoLD = Ministry/department of Livestock Development; NMK = Njaa 
Marufuku Kenya; SDCP = Small holder Dairy Commercialization Project; TCH&DP = Tenwek Community Health 
and Development Programme; VSF = Veterinaire San Frontieres NGO; WWF = World Wide Fund for Nature NGO

Table 6. Forages used to feed dairy goats and farmers (%) using them in Kericho and Bomet Counties
Common name   Botanical name    Farmers (%)
Napier grass   Pennisetum purpureum   89.6a
Weeds         27.8b
Kikuyu grass   Pennisetum clandestinum  26.4bc
Sweet potato vines  Ipomoea batatas   20.4bcd
Calliandra   Calliandra calothyrsus   18.1bcd
Maize    Zea mays    18.1bcd
Avocado leaves   Persea americana   14.9bcd
Leucaena    Leucaena leucocephala   14.2bcd
Sesbania    Sesbania sesban   10.4bcd
Oats    Avena sativa    10.4bcd
Nandi setaria    Setaria sphacelata   3.1cd
Lucerne    Medicago sativa   1.4d
LSD         24.42
LSD = least significant difference between means; Means bearing the same superscript letters (a, b, c, d) within a 
column are not significantly different (P > 0.05)

Towards enhancing the value of dairy goats in Kenya - A case study of Kericho and Bomet Counties KIURA, MUTUNGA, KARIUKI, WAINEINA, TSUMA  AND MUTEMBEI
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In addition, formation of dairy goat farmer groups in 
parts of Kericho County was meant to facilitate the 
healing process for communities that had been involved 
in conflicts.

Feeds and feeding
Types of fodder and sources. The forages used to feed 
dairy goats by farmers are shown in Table 6. Napier grass 
was significantly (P<0.05) the most important forage 
feed, planted in plots or as hedges, with 2 acres being the 
largest fodder area for a farmer. Weeds were the second 
most important source of goat feeds. 

Maize stover crop residue was used as feed, while hay 
from Kikuyu grass (Pennisetum clandestinum), oats 
(Avena sativa), Nandi Setaria (Setaria sphacelata), and 
Rhodes grass (Chloris gayana) was occasionally fed. 
Forages were mainly from own land. However, fodder 
planting material was mainly sourced from neighbours 
(Table 7). 

Information on fodder legumes was mainly obtained from 
the MoAL&FD extension service (Table 8).

Table 8: Sources of fodder legume production 
information and percentage of dairy goat farmers 
obtaining it from the respective sources in Kericho and 
Bomet
Information source  Farmers (%)
MoAL&FD   45.5a
Farmer Groups’ officials 21.2b
DGAK Officers   15.2b
KFA    9.1b
Internet    9.1b
LSD    22.01

grazing systems in the two counties (Table 9).  Farmers 
obtained water for the dairy goats from several sources, 
with water wells within the homestead being the 
commonest source (Table 10). 

Table 7. Sources of fodder planting material and 
percentage of dairy goat farmers obtaining them from 
respective sources in Kericho and Bomet 
Fodder source   Farmers (%)
Neighbours   63.9a
MoAL&FD   14.6b
ADC Farm   8.3b
Agricultural shows  8.3b
Kenya seed Company  2.1b
DGAK seminars  1.4b
KARI    1.4b
LSD    20.58

Feeding system and watering 
Dairy goats were reared under zero- and semi-zero 

Table 9. Dairy goats production systems and percentage 
of farmers practising them in Kericho and Bomet
Production system   Farmers (%)
Zero grazing     52.7a
Semi-zero grazing 
Zero grazing and free grazing or tethering 43.2a
Tethering     4.1b
LSD      31.52

Milk production and marketing
About 63% of the farmers milked one or two dairy 
goats producing an average of 1.2 L/goat/day. The goat 
milk was consumed at home by almost all farmers, 
with only 12% of the farmers selling some. Hospitals, 
neighbours and an NGO in Kericho were reported to be 
the buyers of fresh goat milk, compared to numerous 
buyers of cow milk such as Brookside, Molo Dairy and 
Buseki companies, and Cooperatives. However, goat 
milk fetched better prices, of between KES 40-160/L 
compared to KES 20-45/L for cow milk. 

Family Incomes
The annual income for most of the households with dairy 
goats exceeded KES 20,000 (Table 11). Over 60% of 
the farmers had not received income from the dairy goat 
enterprise, but more farmers earned from live animals 
than from milk.

Goat housing
Over 90% of the farmers had raised slatted floor in 
the goat houses (Table 12). The houses were mainly 
constructed with timber and roofed with iron.

Table 10. Water sources by dairy goat farmers in Kericho 
and Bomet
Water source  Farmers (%)
Well   35.8a
River   27.8ab
Piped   16.7ab
Dam   18.3ab
Tank/Roof  1.4b
LSD   30.72
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Table 11. Income levels of dairy goat farmers and 
percentage of farmers earning these for total income and 
that from dairy goat enterprise from the previous one year 
in Kericho and Bomet
Income level (KES)   Farmers (%)
        Total household      Income from dairy
   income   goat enterprise
    Goat  Breeding
    milk  goats
 >20,000 87.5a  0.0a 5.6a
10,001-20,000 8.3b  2.1a 18.2a
5,001-10,000 2.1b  0.0a 11.1a
1,001-5,000 2.1b  10.0a 5.6a
0  0b  87.9b 59.5b
LSD  15.96  15.23 24.52
KES 84 = 1 USD

Table 12. Goat house floor and roof types for dairy goat 
farmers in Kericho and Bomet 
Parameter   Farmers (%)
Floor type 
Raised    98.6a
Ground    1.4b
LSD    4.07
Raised floor type 
Slatted    94.2a
Non-slatted   5.8b
LSD    9.49
Roof type 
Iron    97.9a
Polythene   2.1b
LSD    6.11
Construction material 
Timber    96.6a
Local wood   2.1b
Bricks    1.3b
LSD    12.32

Discussion
Farmers in the two counties are in their early stages 
of keeping dairy goats, through a comprehensive 
programme supervised by DGAK that started only in 
2009. The dairy goat enterprise has the potential of 
empowering women economically considering that more 
(67%) of them were involved in it. 

In addition to Napier grass, multiple other forages 
including weeds were used to feed goats. This was in 
concurrence with findings by Ogola et al. (2010), that 
dairy goats were fed with a wide range of fodder sources, 

Constraints 
Inadequate quality breeding goats, feed shortage 
especially in the dry season and goat disease incidences 
were the major technical constraints (Table 13). Farmers 
complained that dairy goats acquired were small, low 
in productivity, and bucks were of poor quality, which 
they felt would not have been the case had the goats been 
sourced from Public institutions. 

The specific fodder production constraints are shown in 
Table 14. Lack of  drought tolerant fodders ranked the 
highest among the constraints.

Table 13. Constraints experienced in dairy goat enterprise by dairy goat farmers in Kericho and Bomet 
Constraint         Farmers (%)
Inadequate quality breeding stock      57.7a
Expensive inputs (breeding stock, housing, spraying equipment)    35.3ab
Feed shortage (especially in dry season)      30.0abc
Diseases incidences        22.0bc
Unorganized market for goat milk       22.0bc
Insecurity (theft,  tribal conflicts)      12.0bc
Inadequate goat and fodder management skills     6.2bc
Expensive labour        3.3c
LSD          30.09

Table 14: Fodder production constraints faced by dairy 
goat farmers in Kericho and Bomet Counties, Kenya
Constraint       Farmers (%)
Forages drying in dry season      35.0a
Absence of adapted fodder varieties     26.8ab
Unavailability of fodder seeds      21.7ab
Frost         20.0ab
Pests (rodents/moles)       10.0ab
High cost of fertilizer        9.2ab
Napier smut and rust disease       7.5ab
Inadequate labour for fodder harvesting      2.5b
LSD          28.22
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an indication of a limited range of recommended feeds 
for dairy goats. Napier grass is negatively affected by 
drought and frost, as well as by smut and rust diseases, 
hence there is need for evaluation of more drought 
tolerant and disease resistant Napier varieties, as well as 
alternative basal fodders. A low proportion of farmers 
fed fodder legumes to dairy goats, with only sweet potato 
vines being fed by at least 20% of the farmers. The low 
use of crop residues (18% of farmers fed maize stover) 
and hay, implies the need for farmer capacity building on 
fodder conservation. Fodder planting material was mainly 
obtained from neighbouring farmers. There is need for 
the Government to play a bigger role in availing fodder 
planting material, through the strengthening of linkage 
between Research and Agricultural Training Centres 
(ATCs), and ensuring that services reach the farmer. 
Milk production by dairy goats was low and mainly for 
home consumption. However, a better focus for goat milk 
production is profits through commercialization. The 
observed low productivity of goats of 1.2 L/day shows 
that their potential is not fully realized considering that 
higher levels have been reported before, up to 4 L/day 
(McDonald et al., 1988). Most farmers (93%) also had 
freehold land tenure, and literacy levels of over 80%, 
therefore milk production technologies would be easier 
to adopt, including on establishing a secure source of the 
appropriate fodder. 

Goat milk marketing was not well organized in the two 
counties. Though majority (87%) of the farmers had 
incomes above KES 20,000 per year, much of it was 
from sources other than the dairy goat industry. More 
farmers had income from live goats compared to milk 
(40 vs 12%). Therefore promotion and marketing of 
goat milk is needed to widen its consumption beyond 
the producers, by emphasizing its nutritional and health 
benefits where it enjoys a niche market, to sustain and 
justify its production and higher price compared to cow’s 
milk (Haenelein, 2004). The benefits from goat milk 
arise from the presence in the milk, of agents that: are 
anticarcinogenic (Haenlein, 2004; Bauman et al., 2003), 
offer cardiovascular protective effects (Devendra and 
Burns, 1970), treat hyperacidity (Devendra and Burns, 
1970; Ahmad et al., 2013), and treat clinical disorders 
such as malabsorption syndromes, infant malnutrition, 
and epilepsy (Haenlein, 2004). Collaboration with 
biomedical scientists for stronger evidence of the 
benefits, and for goat milk promotion is needed, as 
production of milk with higher levels of the required 
nutrient components that give milk its unique properties 

is possible (Bauman et al., 2003). Meanwhile, models on 
milk production for marketing that have been successful 
in other parts of Kenya 

The high cost limited the keeping of more dairy goat 
numbers or recruiting new dairy goat farmers, which 
would eventually lower the goat prices. The complaint 
by farmers that the goats they received were of inferior 
quality partly arose from inadequate knowledge on the 
filial generation of the goat crosses received, and that 
farmers had more confidence with public institutions as 
sources of breeding material. There is need to capacity 
build farmers on the dairy goat upgrading process, and 
for the use of artificial insemination (AI) for faster 
goat multiplication. The latter would widen the genetic 
base to avoid inbreeding that may have occurred due to 
prolonged use of the same bucks. Gross margin analysis 
on the production of breeding does is needed since the 
existing high prices may have been influenced by the 
initial agencies that introduced the goats. Facilitating easy 
access of loans from financial institutions can solve the 
constraint on the general high cost of inputs.

Conclusion
Unavailability of breeding bucks, quality does and 
inadequate knowledge on milk production potential of 
the various goat upgrades were identified among the 
constraints to goat productivity. Inadequate forages for 
dry season feeding was also limiting. 

Recommendations and way forward
• Continue with research on goat AI for faster genetic 

gain and breeding stock availability
• Conduct research on drought tolerant fodders, suitable 

Napier varieties and alternative basal feeds
• Strengthen the capacity of agricultural institutions 

to avail fodder and goat germplasm for improved 
availability of goats and feed resource.

• Capacity building farmers on goat upgrading and 
production and milk value addition

• Organize farmers into milk marketing groups and 
identify a goat milk processor

Acknowledgement
The authors thank the Director KARI for permission to 
conduct this work and publish these results. The authors 
are also very grateful to the East African Agricultural 
Productivity Project for providing funds to do the 
work. The Centre Director, KARI Naivasha and the 
Vice Chancellor, University of Nairobi are thanked for 

KIURA, MUTUNGA, KARIUKI, WAINEINA, TSUMA  AND MUTEMBEI



��0

logistic and technical support. Ms W. Gachina, Dr. M. 
Mudeheri and Messrs S. Mailu and J. Muriithi are highly 
appreciated for assisting in questionnaire administration 
in the field. Special thanks to Messrs D. Kago and J. 
Gichengo for data entry into computer software.

References
Ahmad S., Zahoor T. and Huma N. (2013). Fatty acid 

profile of milk of cow, buffalo, sheep, goat and 
camel by Gas Chromatography. Middle-East 
Journal of Scientific Research. 13, 1033-1042. 

Bauman D.E., Perfield II J.W., de Veth M.J. and Lock 
A.L. (2003). New Perspectives on Lipid Digestion 
and Metabolism in Ruminants. Proceedings of 
Cornell Nutrition Conference. pp. 175-189.

CTA. (2007). Centre for Agriculture and Rural 
Cooperation. Rearing Dairy Goats. CTA Practical 
Guide Series, No. 1. ISSN 1873-8206.

Devendra C. and Burns M. (1970). Goat Production in 
the Tropics. Technical Communication No. 19. 
Commonwealth Agricultural Bureaux (CAB), 
England.

Haenlein G. (2004). Goat milk in human nutrition. Small 
Ruminant Research. 51, 155-163.

Jaetzold R., Schmidt H., Hornetz B. and Shisanya C. 
(2006). The farm management handbook of Kenya 
Vol. II/B, Central Kenya, Ministry of Agriculture, 
Kenya and the German Agency for Technical Co-
operation.

Kinuthia M. N. (1997). The productive performance 
of dairy goat crosses on small holdings in central 
Kenya. MSc Thesis, University of Nairobi.

Kinyanjui A., Murage A. and Mbugua D. (2008). Socio-
economic Effects of Dairy goat Production in 
Kenya. KARI-Naivasha.

McDonald P., Edwards R.A., and Greenhalgh J.F.D. 

(1988). Animal Nutrition. 4th Edition.
MoLD. (2006). Ministry of Livestock and Fisheries 

development. Annual Report for 2005, Nairobi, 
Kenya.

MoLD. (2010). Ministry of Livestock and Fisheries 
development. Annual Report for 2009, Nairobi, 
Kenya.

MoLD. (2011). Ministry of Livestock and Fisheries 
development. Annual Report for 2010, Nairobi, 
Kenya.

Moser C. and Kalton G. (1974). Survey methods in 
social investigations. Second edition. Heinemann 
Educational  Books Ltd, London.

Ogola T.D.O., Nguyo W.K. and Kosgey I.S. (2010). Dairy 
goat production practices in Kenya: Implications 
for a breeding programme. Livestock Research for 
Rural Development. 22, (1) pp.

Ojango J.M.K., Ahuya C., Okeyo A.M. and Rege J.E.O. 
(2010a). The FARM-Africa dairy goat improvement 
project in Kenya: A case study. International 
Livestock Research Institute, Nairobi, Kenya.

Ojango J.M.K., Okeyo A.M. and Rege J.E.O. (2010b). 
The Kenya Dual Purpose Goat development project. 
ILRI, Box 30709, Nairobi, Kenya.

RDCoE. (2011). Regional Dairy Centre of Excellence. 
Dairy baseline survey, EAAPP Coordination Unit.

SAS (Statistical Analysis Systems Institute). (1997). 
Guide for personal computers, version 6 Edition. 
Statistical Analysis Systems Institute Inc., Cary, 
NC.

Shivairo R. S., Matofari J., Muleke C.I., Migwi P.K. 
and Lugairi E. (2013). Production Challenges and 
Socio-Economic Impact of Dairy Goat Farming 
amongst Smallholder Farmers in Kenya. Food 
Science and Quality Management. 17, 54-61. http//:
www.iiste.org. 

Towards enhancing the value of dairy goats in Kenya - A case study of Kericho and Bomet Counties



���

Selection criteria and traits preference for improving dairy productivity of indigenous 
cattle through targeted selection and crossbreeding programmes

E.D. Ilatsia1, J.M. Mbuthia1, T.O. K’Oloo1, R.N. Ole Pulei1, S.M. Mbuku1, E. Nyambati1 and D. Indetie
1Kenya Agricultural Research Institute (KAR), P.O. Box 25 Naivasha

2KARI, P.O. Box 3840 Nakuru

Abstract
This study provides some preliminary results of a broad project that aims to improve Zebu cattle for dairy production 
through targeted selection and systematic crossbreeding programs in Eastern Africa region. The study was aimed 
at analysing the existing farmers’ selection criteria for indigenous cattle and their traits preference for purposes of 
milk production through a household survey in Kitui, West Pokot, Busia and Homa Bay counties of Kenya. Logistic 
regressions to compare the importance of traits were carried out using SAS and comparisons done across counties. 
Body frame for bulls and udder size and placement for cows, were the most important traits in selection decisions 
across counties. Other traits considered important in bull selection were; appearance, tail size and scrotal size. Despite 
lack of performance records, performance of relatives was considered important in bulls’ selection. Important traits 
in cow selection included; teat size, tail length and rumen depth. Other traits, including backline and coat colour were 
perceived to be of lower importance. Farmers were asked to state whether they prefer the indigenous to exotic cattle 
and rank the traits that influence the preference. Of the traits provided, drought and disease tolerance ranked equally in 
their preference across the counties. Basically, there was a lower perception of indigenous over exotic cattle traits for 
mature weight, watering frequency and feed requirements. There was no difference in the perception for reproductive 
performance in Busia and West Pokot and watering frequency in the later between indigenous and exotic cattle. 
Improving indigenous cattle productivity for increased contribution will increase the farmers’ options to select and 
develop breeds adapted to existing diversity in production environments.

Introduction
The indigenous cattle breeds in Eastern Africa region are 
diverse with unique genetic attributes such as adaptation 
to heat and drought, tolerance to diseases and utilization 
of low-quality forages. However, the majority of the 
indigenous cattle are the local types considered to be 
of low genetic potential in terms of milk production. 
Livestock plays a significant role in poverty alleviation 
and improving the 

livelihoods of the rural farmers in sub-Saharan Africa 
(Anderson, 2003). The contributions by indigenous cattle 
breeds towards provision of meat, milk, ghee and many 
socio-cultural functions such as marriage, or religious 
ceremonies among pastoralists and agro-pastoralists 
cannot be overlooked. The current commercial dairy 
production trends, which tend to focus on a few breeds is 
unsuitable for the future of the sector as it limits farmers’ 
options to select and develop breeds adapted to existing 
diversity in production environments. Despite the ever 
growing demand for livestock products in developing 
countries and a need for increased productivity, about 
70% of the cattle in the East African region are still 
unimproved. This is because producers are faced by 
technical, institutional and infrastructural constraints 
related to feeding, animal health and genotype (Ouma 

et al. 2005). Non-existence of herd recording, lack 
of efficient breed improvement programmes and non 
availability of proven superior quality breeding animals 
are among the factors that contribute to the slow progress 
in improving the genetic merit of local cattle populations 
(Rege and Wakhungu, 1992). 

Most of the countries in the region are implementing 
crossbreeding programmes to upgrade the local cattle 
population to 75% or more of exotic genotypes. The 
resultant short term increase in productivity from these 
exotic breeds and their crossbreds have often resulted in 
genetic erosion of adaptability traits that allow the very 
existence of these cattle in these harsh environmnets. 
This is largely due to lack of proper organization and 
management of breeding schemes.

This study evaluated different traits and breed preferences 
for indigenous and crossbred cattle in selected ASAL 
counties of  Kenya. The systems are faced with a 
myriad of livestock production constraints such as 
harsh environmental conditions, prevalence of pests and 
diseases, frequent droughts and low input management. 
Understanding the preference of cattle keepers will 
support improvement of indigenous cattle genotypes that 
are well adapted to the environment and capable of dairy 
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production and performing the multiple roles that cattle 
play in these production systems. 

Materials and methods
Study area and sampling 
A household survey was conducted by way of personal 
interviews by a team of trained enumerators in four 
selected counties of Kenya. The counties; Kitui, West 
Pokot, Busia and Homa Bay were selected because of 
the significant proportion of indigenous cattle and are 
a representative of the potential target counties for the 
project implementation. The proximity of West Pokot 
and Busia to Uganda would offer an opportunity for 
future exchange of germplasm through border livestock 
markets.

Household survey
The survey questionnaire was designed to collect 
information on physical environment, cattle production 
systems, herd characteristics, breeding objectives and 
selection criteria, record keeping, reproduction and 
production characteristics, breed adaptation and health 
management, farmers organisations, marketing and prices 
of animals, and constraints to cattle production. For most 
of the questions, optional answers were provided and the 
enumerator ticked against the answer provided by the 

farmer. Where appropriate the farmer was asked to rank 
ordinal responses on a scale of three categories ranging 
from less important (1), important (2) to very important 
(3). For the questions pertaining to traits preference and 
selection criteria, the enumerator went through a list of 
predetermined traits and asked the farmer to rank whether 
he/she considers the particular trait less important, 
important or very important. Other questions were open 
ended and farmers were free to provide the relevant 
answer. 

Data analysis 
Descriptive statistics and Logistic Regression were 
carried out in SAS and results presented in tabulated 
summaries. Logistic regression in terms of trait 
preference and selection criteria was used to compare 
the preference across counties. A cumulative logit 
model was used to analyse the importance of the animal 
characteristics on selection or preference. 

Results and discussion
In ranking the important criteria for cattle section, 
farmers were provided with phenotypic characteristics 
considered important in selection for milk production. 
Tables 1 and 2 presents the odds ratio estimates and 
their 95% confidence intervals from logistic regression 

Table1. Odds Ratio Estimates (and their 95% confidence intervals) from logistic regression for selection criteria for 
bulls in the four counties
Characteristic   Kitui   West Pokot  Busia   Homa Bay
Body framea  Ref   ref   Ref   ref
Scrotal size  1.17 (0.80, 1.69) 1.08 (0.77, 1.52) 1.37 (0.96, 1.95) 1.67 (1.13, 2.47)
Appearance  1.39 (0.96, 2.01) 1.56 (1.12, 2.19) 1.80 (1.28, 2.53) 2.08 (1.41, 3.04)
Tail size   1.18 (0.81, 1.71) 1.27 (0.91, 1.78) 1.69 (1.19, 2.41) 1.73 (1.16, 2.56)
Performance of relatives 1.26 (0.87,1.82) 1.30 (0.93, 1.82) 1.59 (1.13, 2.24) 1.90 (1.30, 2.78)
a Body frame was the reference body characteristic in the model comparison because it was the most frequently 
ranked criteria in bull selection

Table 2. Odds Ratio Estimates (and their 95% confidence intervals) from logistic regression for selection criteria for 
cows in the four counties
Characteristic   Kitui   West Pokot  Busia   Homa Bay
Udder placementb ref   ref    Ref   ref
Tail length  1.32 (0.91, 1.91) 1.35 (0.96, 1.90) 1.18 (0.83, 1.66) 1.18 (0.82, 1.71)
Teat size  1.67 (1.15, 2.43) 1.38 (0.98, 1.93) 1.34 (0.96, 1.87) 1.39 (0.96, 2.01)
Dewlap size  1.44 (0.10, 2.07) 1.39 (0.99, 1.95) 1.30 (0.93, 1.83) 1.26 (0.87 1.83)
Rumen depth  1.63 (1.13, 2.36) 1.49 (1.06, 2.10) 1.26 (0.990, 1.75) 1.28 (0.89, 1.85)
Shape    1.49 (1.02, 2.17)) 1.56 (1.11, 2.20) 1.59 (1.13, 2.24) 1.11 (0.76, 1.61)
Back    1.42 (0.99, 2.01) 1.29 (0.93, 1.80) 1.26 (0.90, 1.77) 1.05 (0.72, 1.52)
Colour    1.12 (0.77, 1.62) 0.91 (0.65, 1.29) 1.05 (0.74, 1.47) 0.99 (0.68, 1.45)
b udder size and placement was the reference body characteristic in the model comparison because it was the most 
frequently ranked criteria in cow selection
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for the ordinal ranks for bull and cow section criteria. 
Essentially, if the odds ratio overlaps one (1) then there 
is no difference in the stated perception of the traits, 
a better perception when greater than one and a lower 
perception when less than one (Bebe et al. 2003). The 
odds ratio is significant when its 95% confidence interval 
excludes one. The odds ratio estimates for bulls represent 
a measure of the relative importance when ranking a 
characteristic relative to body frame.

Body frame ranked highly as criteria for bull selection. 
Bulls provide draught power and majority of farmers 
believe uncastrated bulls grow faster and are stronger 
than bullocks. In crop-livestock systems, good traction 
ability is important since bulls are used for ploughing 
crop fields (Ouma et al. 2005). In the pastoral systems 
where cattle draught power is not used, a big body frame 
is important during sale. Bulls were selected based more 
on their appearance than on performance of relatives and 
phenotypic characteristics such as scrotal and tail size in 
all counties. Despite lack of records, farmers also had a 
high preference for bulls whose lineage and performance 
can be traced. In most of the study areas, all categories 
of livestock are communally grazed, where cows are 
mixed with bulls. Castration of bulls is not common 
and therefore controlled mating becomes difficult to 
implement. This hampers efforts to utilize bulls with 
preferred traits. This form of communal grazing is a 
major hindrance to the traceability of performance of bull 
sibs and relatives.

In Kitui and Homa Bay teat size was ranked as a very 
important trait in cow selection as opposed to West 
Pokot and Busia where body shape took precedence. In 
addition to a well-placed udder, farmers associate big 
teat size to more milk and ease of milking. A rumen with 
big capacity would affect feed intake capacity and live 

weight. Cows with big rumen capacities would tend to eat 
more and probably convert the feed into more milk and 
meat. However, this may be a challenge in areas facing 
frequent droughts. 

In all counties, coat colour was mainly ranked as less 
important in selecting for dairy characteristics. Preference 
for different colours can be attributed to farmer’s socio-
cultural factors or to breed effects. Where crossbreeding 
with exotic breeds has been done, coat colour can be an 
indicator of breed used. The indigenous cattle exhibit 
a wide range of coat colours. In Kitui, light coloured 
animals are dominant probably for adaptation to reflect 
solar radiation. In Busia and Homa Bay counties black 
colour is said to attract tsetse flies and therefore their 
preference was low. These areas are infested with tsetse 
flies which are a nuisance to animals, disrupt feed and 
transmit diseases and therefore preference should be for 
colours that do not attract tsetse flies. 

Tail length, dewlap size and backline seem to have little 
influence when selecting for dairy traits. However, some 
farmers associate a long tail with thick tail brush to more 
milk.

Farmers were asked to state whether they prefer the 
indigenous to exotic cattle. The preference was 48%, 
32%, 43% and 22% in Kitui, Homa Bay, West Pokot 
and Busia respectively. Table 3 presents the odds ratio 
estimates and their 95% confidence intervals from 
logistic regression for the ordinal ranks of farmers’ 
preference for Zebu to exotic genotypes. The odds ratio 
represents a measure of the relative importance when 
ranking characteristics relative to drought tolerance. 
Preliminary results indicated a very close ranking of both 
drought and disease tolerance, traits which make farmers 
prefer zebu to exotic or crossbred cattle.

Table 3. Odds Ratio Estimates (and their 95% confidence intervals) from logistic regression for preference of zebu to 
exotic genotypes in the four counties
Characteristic   Kitui   West Pokot  Busia   Homa Bay
Drought tolerance c Ref.   Ref.   Ref.   Ref.
Mature weight  0.79 (0.55, 1.15) 0.84 (0.57, 1.23) 0.84 (0.54, 1.31) 0.83 (0.56, 1.22)
Watering frequency 0.93 (0.65, 1.34) 1.00 (0.69, 1.44) 0.96 (0.90, 0.58) 0.96 (0.67, 1.37)
Feed requirements 0.71 (0.49, 1.04) 0.87 (0.59, 1.27) 0.90 (0.58, 1.38) 0.85 (0.56, 1.24)
Reproductive   0.91 (0.64, 1.31) 1.00 (0.70, 1.46) 1.00 (0.68, 1.46) 0.97 (0.68, 1.39)
performance
c Drought tolerance was the reference of comparison in the model because it was the most frequently preferred 
characteristic for zebu
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Preference for different indigenous over exotic or 
crossbred cattle traits varied with region. Livestock 
keepers perceive that exotic cattle perform well in 
terms of mature body weight, and unexpectedly, feed 
requirements. From the results, it follows that there was 
no difference in preference for reproductive performance 
in Busia and West Pokot counties and watering frequency 
in the later for indigenous over exotic cattle. In the 
ASALs, rearing of exotic breeds has been low because of 
their lack of drought tolerance, perceived high cost, lack 
of disease tolerance and poor availability (Mwacharo and 
Drucker, 2005). There is need to scientifically validate 
the traits perceptions so as to guide design of sustainable 
genetic improvement programmes under the prevailing 
conditions.
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Abstract
The population of the Kenya Sahiwal cattle breed has been reported to be shrinking and relatively small compared to 
that of other Zebu breeds such as the Small East African Zebu and the Boran. Furthermore, its geographical spread 
has not been published and therefore the extent of its geographical concentration is not known. Since geographical 
concentration alone could represent a considerable risk of extinction to the breed, the objective of this study was 
therefore to explore the geographical distribution of the major herds of the Kenya Sahiwal cattle breed, determine its 
degree of concentration and geographical endangerment status. ArcView GIS 3.2 was used to compute the extent of 
geographical distribution and concentration of the breed in Kenya. The results showed a big variation in herd sizes 
ranging from 21 to 1224 and a mean of 324. This increases the risk of breed endangerment through the high possibility 
of termination of the small herds. The Kenya Sahiwal cattle breed is not geographically endangered since only 1.2% 
of the breed population is located within a radius of 25 km. Considering increased indiscriminate crossbreeding, small 
population size and other survival threats facing the breed, it was concluded that constituting more conservation nuclei 
in many parts of the country would reduce vulnerability of the breed through a wider geographical cover and increased 
herd size. 

Introduction
Concentration of a breed population in a restricted 
geographical area or in a few herds usually places it at 
greater risk to extinction due to the consequences of 
catastrophic events such as disease outbreak, climatic 
and/or political upheavals (Carson et al., 2009). 
Decreased native area is therefore one of the indicators of 
breeds’ endangerment status.   Consequently awareness 
of their geographical distribution is a prerequisite 
for sustainable management of farm animal genetic 
resources. Extinction of Blue Albion cattle in 1967 and 
losing more than 50% of British Milk sheep population in 
2001 through foot and mouth disease (FMD) outbreak in 
UK are some cases of the vulnerability of geographically 
concentrated breeds (Carson et al., 2009). Information 
about a breed’s native area and its geographical 
concentration may therefore be applied to undertake 
primary conservation actions, to predict its probability 
of extinction and to conduct other complementary 
studies for programming conservation (Al-Atiyat, 2008; 
Bennewitz and Meuwissen, 2005; Lacy, 1993).

Pakistan, India and Kenya are the only countries endowed 
with majority of purebred Sahiwal cattle and have been 
involved in breeding and conservation of the breed. In 
Kenya, the purebred Sahiwals are mainly owned by the 
National Sahiwal Stud (NSS) in Naivasha whereas a 
few high grade Sahiwals and their crosses are owned by 
private commercial breeders (Ilatsia et al., 2011) which 
serve as the nucleus herds/conservation nuclei. Kajiado, 

Transmara and Narok are the three districts in Kenya with 
the highest populations of the Sahiwal genetic resources 
i.e. pure and crossbreeds (Ilatsia et al, 2011). Kajiado is 
one of the areas that benefited from the initial stock of 
Sahiwal bulls that were imported from India and Pakistan 
by the British colonial government in the 1930s for 
upgrading the Small East African Zebu (SEAZ) .

In Transmara, Sahiwal bulls were first introduced in 
the late 1980s for upgrading the local SEAZ for both 
milk and growth. This was through a collaborative 
project between the ministry of agriculture and livestock 
development and the Germany International Technical 
Cooperation (Ilatsia, 2011). The NSS has been the 
main source of breeding bulls to farmers in Narok but 
they also acquire breeding bulls from the neighbouring 
Kajiado district. In Kenya, there exists no national 
database showing the breed specific population figures. 
Currently there are at least 18 ranch herds, which host 
approximately 7,000 purebred Sahiwal cattle with about 
1500 breeding cows (KARI, 2004). However, some 
unpublished reports by field livestock extension officers 
in the pastoral areas estimated the Sahiwal population at 
50,000 with about 170,000 Sahiwal x Zebu crossbreds 
(MOLFD, 2006).

The population of the Kenya Sahiwal cattle breed has 
been reported to be shrinking and relatively small 
compared to that of other Zebu breeds such as the SEAZ 
and the Boran (Ilatsia, 2011). Decreasing of population 
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size, breeding herds and locations, indiscriminate 
crossbreeding, low effective population size and presence 
of threatening factors to  survival are indicators of 
imminent danger of breed extinction (Scherf, 1995; 
Simon, 1999). In addition to lack of a national database, 
the Kenya Sahiwal cattle breed has been reported to face 
challenges such as inbreeding, uncontrolled crossbreeding 
and drought (Ilatsia, 2011). This exposes the breed to 
survival risk and low genetic diversity.  . Furthermore, 
its geographical distribution has not been published and 
therefore the extent of its geographical concentration 
is unknown. Since geographical concentration alone 
could represent a considerable risk of extinction to the 
breed, the objective of this study was thus to explore 
the geographical distribution of the major herds of the 
Kenya Sahiwal cattle breed, determine its degree of 
concentration and geographical endangerment status. The 
spatial information from this study is important in making 
decision of conservation and sustainable management of 
the breed.

Methodology
Data were collected in close collaboration with the Kenya 
Stud Book (KSB), for identification of farms and/or 
ranches that hold Sahiwal genetic resources. Another 
review was conducted on field data collection report of 
Ilatsia, (2011). The survey identified a total of fifteen 
herds that form the basis of this study. This was followed 
by a visit to the farms whereby each holding was 
assigned a reference number, their herd size and Global 

Positioning System (GPS) coordinates were recorded in 
Excel database. The survey data is summarized in Table 
1.

Data analysis
Descriptive statistics of the herd sizes were analysed 
using Ms Excel. ArcView GIS 3.2 was used to compute 
the extent of geographical distribution and concentration 
of the breed. A geo-referenced Kenya map divided into 
provinces was loaded into the software. A table of the 
herd identity and their coordinates consisting of an 
easting (X-axis) and northing (Y-axis) was also loaded 
and the herds were mapped in their respective provinces. 
Another geo-referenced map consisting of districts was 
loaded to display the herds in their respective districts. 
The coordinates were then used to calculate the weighted 
mean centre of the breed population following the 
equation below:

Table 1. Global positioning system coordinates of the major farms/ranches that hold Sahiwal cattle breed and their 
herd sizes
Herd name     Herd size X Y District
H1 National Sahiwal Stud   1224  -0.68 36.40 Nakuru
H2 Elkarama ranch    900  0.22 36.90 Laikipia
H3 Ole Sentu ranch    306  -1.33 35.19 Transmara
H4 Ole Naishu/Kamwaki   238  0.27 36.68 Laikipia
H5 Ilkerin Loita    433  -1.47 35.41 Narok
H6 Keiyan farm    450  -1.10 34.48 Transmara
H7 Doleraine Estates   180  -0.19 35.92 Nakuru
H8 Oloodo farm    333  -1.63 36.83 Kajiado
H9 Tunai farm    314  -1.39 35.35 Transmara
H10 KARI Transmara   60  -0.99 34.87 Transmara
H11 KARI Perkerra    90  0.46 35.99 Baringo
H12 KARI Lanet    58  -0.27 36.12 Nakuru
H13 OCC (Olekejuado County Council) 195  -1.82 36.81 Kajiado
H14 Ole Ntutu farms    21  -1.00 35.66 Narok
H15 Narok PTC    58  -1.09 35.88 Narok
X is the easting; Y is the northing

∑
∑=Χ

i

ii
wc

f
Xf

∑
∑=

i

ii
wc

f
Yf

Y

  Whereby:
• f = herd size (number of cattle per herd)
• Wc = weighted centre of population
• X = easting
• Y = northing  (Carson et al., 2009)
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The weighted mean centre was loaded on the districts 
map and the standard distance tool of the software was 
used to draw circles of 25km and 50km radii in order 
to determine how the breed population is concentrated 
around the mean center. The cumulative number of 
cattle within each radius was calculated to determine 
the percentage of the animals from the weighted mean 
centre. A system that applies three criteria (numerical, 
geographical and genetic) was established in the UK 
in 1975 to enable the classification of breeds and their 
categorisation into five degrees of endangerment ranging 
from ‘Critical’ to ‘Transitional’ (Table 2). A breed is 
classified in one of the endangerment categories shown 
in table 2 if 75% or more of its population lies within a 
circle of 25 km radius.

Results and discussion
Herd sizes
The total number of animals considered in the analysis 
was 4860. The study revealed that the number of animals 
per herd is highly variable ranging between 21 and 
1224 animals. Mean herd size was 324 animals. Small 
populations are subjected to genetic drift and are prone 
to losing genetic diversity over time. Therefore the big 
variation in herd sizes requires to be improved since it 
increases the risk of breed endangerment through the high 
possibility of termination of any one herd (particularly 
the small herds).

Small herds face the risk of increased inbreeding thus 
inbreeding depression which affects survival and 
production performance of the breed. Small herds also 
face ease of termination in case of a catastrophic event 
such as disease outbreak. For instance, large numbers 
of pure Sahiwal mainly in the hands of pastoralists and 
smallholder farmers in the Kenyan rangelands have been 
lost to severe and prolonged droughts in the previous 
years. This is not a first time case and might not be 
the last one with the current climatic changes. Crosses 
of pure Sahiwal with exotic breeds were reported to 
outperform pure Sahiwal (Thorpe et al., 1993) and 
therefore uncontrolled introgression may also lead to 
depletion of pure Sahiwal genetic resources in some of 
the herds. Some of the farms identified from KSB e.g. 
Marula Estates in Naivasha no longer keep the Sahiwal 
breed. Others have stopped registration of their animals 
owing to poor recording systems and lack of close 
interactions with the relevant stakeholders like the KSB 
and livestock extension officers.

Geographical distribution and concentration
Geographical distribution of the Kenya Sahiwal cattle 
breed in the fifteen herds at the regional level is shown 
in Figure 1. The major herds are confined within the Rift 
Valley region.

The herds are distributed in six districts with Transmara 
having the largest number (four) of herds but Nakuru 
district has the highest breed population i.e. 1462 animals 
out of which 87% are confined in one herd only. The 
weighted mean center of the breed is located in (-0.7440, 
36.0942) Olorrpil location, Olokurto division within the 
Narok district. The areas circled shows 25 km and 50 
km radii buffer regions (Fig. 2). The map shows that the 
breed is highly dispersed since only 1.2% of the breed 
population is located within a circle of 25 km radius from 
the population mean center. Extending the buffer region 
to 50km radius, only 28.0% of the breed population 
lay within the buffer. Carson et al. (2009) evaluated 
the geographical concentration of twelve commercially 
farmed United Kingdom sheep breed. For ten of the 
twelve breeds analysed, up to 95% of each breed’s 
numbers lied within a radial distance of less than 65 km 
from the mean centre of the breed. Six of the breeds had 
up to 95% of their numbers within a radius less than 50 
km. A previous study was conducted for Markhoz goat 
and found that the breed was geographically isolated 
and endangered since 77% of its population lied within a 
radius of 7 km only (Bahmani et al., 2011).

Table 2. Definitions of categories of geographical 
endangerment
Category  Geographical concentration*
1 Critical  12.5
2 Endangered 15
3 Vulnerable 17.5
4 At risk  20
5 Transitional 25
*Max. radius of circle (km) containing 75% of the breed 
population; Source: Carson et al. (2009)

Table 3. Descriptive statistics of the herds
Mean   324
Mode   58
Standard Deviation 335
Sample Variance 112327
Range   1203
Minimum  21
Maximum  1224
Sum   4860

Geographical distribution and concentration of the Kenya Sahiwal cattle breed
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Fig. 1. Distribution of the Kenya Sahiwal cattle breed in Kenya

Fig. 2. Geographical concentration of the Kenya Sahiwal cattle breed within 25 and 50 km radii from the population mean center

Geographical distribution and concentration of the Kenya Sahiwal cattle breed
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Degree of endangerment
The loss of genetic resources during the FMD outbreak 
in UK in 2001 provided a guide to the validity of the 
proposed threshold for geographical concentration 
(Alderson, 2009). Limited geographical distribution 
makes a breed vulnerable because the breed is at a 
particular risk in the event of a catastrophe such as a 
disease epidemic. Blue Albion cattle from UK explains 
the vulnerability of geographically isolated and 
concentrated breeds. The breed went extinct in 1967 
during FMD outbreak which was concentrated in its 
home county of Cheshire. Elsewhere, the geographically 
isolated British milk sheep lost >50% of its population 
in 2001 due to FMD outbreak while five other breeds 
(Cheviot, Herdwick, Hill Radnor, Rough Fell, White 
faced Woodland) lost 25-50% of their population (Carson 
et al., 2009).

The impact of climate change is expected to heighten 
the vulnerability of livestock breeds to such extinctions. 
The direct effects include higher temperatures and 
changing rainfall patterns, which could translate to 
increased spread of existing vector-borne diseases and 
macro parasites, accompanied by the emergence and 
circulation of new diseases. Changes in rainfall patterns 
will result in increased frequency of prolonged droughts 
thus aggravating the losses of AnGR (Rowlinson, 
2008). Climate change is also expected to reinforce the 
existing factors that affect livestock production systems 
thus causing change in livestock production systems. 
Increasing human population and increased demand for 
livestock products is also driving livestock production 
into a different direction. Livestock production systems 
are intensifying whereby farmers are adopting high 
yielding breeds (FAO, 2007; Thornton et al., 2008).
The Kenya Sahiwal cattle breed does not fall under any 
of the five categories of geographical endangerment 
and thus it is not geographically threatened by the risk 
of extinction. However, its population size is small and 
majority of Sahiwal keepers have resolved to cross the 
breed with other exotic breeds and zebus so as to improve 
on growth rate and milk production (Ilatsia, 2011; 
Muhuyi, 1997). In 1960’s when the closed herd breeding 
scheme for the Kenya Sahiwal breed was drawn up and 
implemented, inbreeding level was high suggesting that 
some of the founders were already inbred (Mpofu and 
Rege, 2002). The breed has remained as a closed herd for 
a long time and this may also have encouraged increase 
in the number of inbred animals. These factors increase 
the vulnerability of the breed to endangerment.

Reist-Marti et al. (2006) proposed a number of factors 
that contributed to the priority for conservation among 
a group of African cattle breeds. Among these factors 
were the total population size of the breed and trends 
in population size, distribution of the breed within 
the country, degree of indiscriminate crossbreeding, 
level of organization of farmers, existence of ongoing 
conservation schemes, political stability of the country, 
etc. Breeds with small population sizes and large risk 
of extinction should generally receive greater priority 
in conservation programs. With reference to the Kenya 
Sahiwal, there is need to develop policies that will 
include conservation of the breed as a priority. Although 
government and privately owned nucleus herds act as 
in-situ conservation units, sustainability is not adequately 
considered in the design of the respective breeding 
programs. Partnership among the stakeholders is also 
not properly utilized yet it is an important conservational 
tool.

Conclusion
The Kenya Sahiwal cattle breed is being faced with 
threats ranging from climate change to indiscriminate 
crossbreeding. Constituting more conservation nuclei in 
many parts of the country would reduce vulnerability of 
the breed as a result of a wider geographical cover thus 
offering protection in the event of a catastrophe. Some 
of the conservation nuclei can be based in government 
research centres and institutions. Increasing herd sizes 
in the existing conservation nuclei would also reduce 
inbreeding and contribute to the long term existence and 
sustainability of the breed. There is also need to develop a 
geo-referenced national database for the breed which can 
be updated after every few years to monitor breed growth 
and population trend.
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Abstract
The Small East African zebu (SEAZ) cattle breed have adaptive traits that allow them to survive and reproduce 
under severe climatic and nutritional conditions. However, the SEAZ cattle found in most of arid and semi-arid lands 
(ASALs) have relatively small body size and low production potential, and therefore, require genetic improvement to 
make them more competitive. The aim of this study was to synthesize and collate important baseline information and 
production circumstances of agro-pastoralists in the south eastern region of Kenya. The information is necessary for 
planning and execution of the breeding programme for the SEAZ cattle. Data were obtained from Mukaa, Makindu, 
Kathonzweni and Nzaui sub-Counties in the lower eastern region of Kenya. A total number of 405 households were 
interviewed using a structured questionnaire. Quantitative data generated from the survey were subjected to General 
Linear Model Procedure of STATA for statistical analyses. The study showed that in all the sub-counties, farmers 
kept zebu cows primarily for milk production, for both home consumption and sale of surplus. However, draught 
power and transport were found to be the most important reasons for keeping the bulls. Grazing strategies in the area 
included use of natural pastures where continuous free grazing on own and/or rented land (62.63%) was practiced. 
However, the natural pastures were in most cases unavailable during the dry season. Supplementation using high 
energy and protein concentrates was not common. Ranking of milk production as the primary reason for keeping 
SEAZ cattle underscored the importance of inclusion of milk yield as an objective trait in a well planned genetic 
improvement programme in Makueni County, so long as supportive infrastructure is put in place. 

Introduction
The East African zebu (EAzebu) constitute about 80% of 
the total cattle population in Kenya (Republic of Kenya, 
2013). They are found in virtually all agro-ecological 
zones, but with higher concentrations in arid and semi-
arid lands (ASALs). Compared with exotic cattle breeds, 
they are relatively better adapted to the harsh conditions 
that characterize the ASALs.  This makes them a major 
source of livelihood in such areas, which constitute 
approximately 80% of the Kenyan landmass (Republic 
of Kenya, 2010), however, they have low production 
potential.

The increasing demand for livestock production to cater 
for the nutritional needs of the rapidly growing human 
population (Delgado et al., 1999; Rae and Nayga, 2010) 
has led to indiscriminate crossbreeding and systematic 
replacement of SEAZ with exotic breeds in an effort 
to improve productivity. Consequently, SEAZ cattle 
has not received much formal genetic improvement 
and conservation attention, as has been their Taurine 
counterparts. Therefore, breeding initiatives for SEAZ 
has largely been left under the control of the resource-

limited agro-pastoralists in the ASALs. This has resulted 
with inferior genotypes mainly due to inbreeding (Rege 
et al., 2001). Consequently, African indigenous cattle 
breeds should be conserved because of their economic 
importance to allow use by both present and future 
generations (Rege, 1999). 

In Kenya, attempts have been made to characterize 
Kenyan zebu cattle in the past with minimal results that 
could inform a structured breeding programme (see 
e.g., Rege et al., 2001; Mwacharo et al., 2006). These 
cattle have not been well defined, classified or studied 
adequately in their production circumstances. Even basic 
accurate information on breed/strain and their respective 
population sizes is not available. Often, populations bear 
the names of communities that own them and/or locations 
in which they are found such as the Kamba, Maasai, and 
Kavirondo Zebu ecotypes (Rege et al., 2001).

This paper is based on preliminary research findings 
on the production objectives and various management 
practices of agro-pastoralists in Makueni County of 
Kenya. 
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Material and methods
Study area
The study was conducted in four sub-counties, namely, 
Makindu, Kathonzweni, Mukaa and Nzaui. The County 
is located in the southeastern part of Kenya. The area lies 
between latitude 1°35’S and 3’S and longitude 37°10’E 
and 38°30’E, and is part of the country’s vast ASALs. 
It is characterized by a low altitude ranging from 600-
1200m above sea level.  Characterization by Jaetzold 
and Schmidt (1983) showed that the area falls under 
agro-ecological zones (AEZs) IV, V and VI, which were 
described as suitable for livestock production. While 
some changes have taken place since 1983, the area still 
has many activities related to SEAZ. It receives an annual 
rainfall of approximately 600 mm spread in a bimodal 
pattern with ‘long’ rainfall season running from March 
to May, and a ‘short’ season running from October to 
December.  Temperatures range from 26.5°C to 31.5°C, 
with higher evapo-transpiration going up to 2000 mm per 
year (Jaetzold and Schmidt, 1983). 

Study design
Clusters of households were formed within a given radius 
as described elsewhere by Byrne (2012). A systematic 
random sampling procedure was used to choose the 
nth farmer to be interviewed through use of transect 
walk (Staal et al., 2002). Household interviews using 
structured sets of questionnaires were used to gather 
information. A total sample of a 100 SEAZ cattle-rearing 
households from each of the four sub-counties were 
interviewed. In each of the four sub-counties, random line 
transects were drawn and every 5th SEAZ cattle-rearing 
household was selected along the transect line until the 
desired sample was obtained. There were no updated 
lists of SEAZ cattle -rearing households that would have 
served as sampling frames.

Data collection
Data was collected on various aspects including 
production and breeding management; production and 
marketing constraints; and farmer’s breed preferences. 
Given the absence of performance recording in the 
four sub-counties, the information on the reproductive 
performance of the animals was obtained by asking 
the farmers questions related to the reproductive cycle. 
Indicative milk production was also obtained by asking 
the farmers to relate yield to the number of 300-ml soft 
drink bottles, or 0.5-litre cooking fat containers that could 
be filled per milking. Each household in the sample was 
requested to specify, in order of importance, three major 

reasons for keeping SEAZ cows and bulls, respectively.  
Accordingly, a three-point ordinal scale was used, 
separately for cows and bulls, to rank the household’s 
major reason for rearing SEAZ cattle.  Each sample 
household gave three reasons ranked 1, 2, 3 with 1 being 
the most important.  The households were also requested 
to indicate the major cattle feeding methods they used.

Data processing and analyses
Data were analyzed using the General Linear Model 
Procedure of STATA. This involved a ranking exercise for 
the different variables captured in the questionnaires. The 
survey responses were numerically coded for the purpose 
of computer entry and for the subsequent quantitative 
analyses. Additionally, a programme in excel spreadsheet 
was used to calculate the indices that represented 
weighted averages of all rankings of a particular variable. 
The ranks were based on the first three choices of priority 
variable in order of importance by the respondent. This 
was done by multiplying the respective score values with 
its relative frequency count and then summing across the 
reason as shown in equation 1 
         (1)

Where: 
• s is the score value; 
 • fi is the frequency count of score value of reason i in 
rank j
• nc is the total number of respondents in sub-county c,
•        is the relative frequency count of score value  for  
reason i in rank j.

Results and discussion
Uses of indigenous zebu cattle
Figures 1 and 2 below present the reasons and ranking 
given by the respondents for keeping SEAZ cows and 
bulls, respectively. The results suggest that SEAZ 
cattle play multiple roles in the socio-economic lives of 
people living in the study area. Overall, milk production 
for household consumption was ranked as the prime 
reason for rearing SEAZ cows, where on a scale of 1 to 
3, it measured about 2.4. Other production objectives 
included surplus milk for sale (1.5) and breeding (0.8). 
This reflects the poor milk performance of the cows 
in the study area, which can be attributed to inferior 
genotypes. The relative importance of the roles suggests 
the importance of providing the households with milk for 
subsistence use. 
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With respect to bulls, the importance of providing draft 
power was evident in all the sub-counties studied. This 
points the importance of ownership of a bull by the 
households in the area.  Bulls are used to pull ploughs and 
transportation of various goods/ loads. This importance 
for a household to own a bull has important implications 
on breeding, and hence genetic improvement of cattle 
herds in the area. Heavy presence of bulls may make it 
difficult to have a controlled breeding programme, unless 
the farmer agreed to castrate bulls purposely kept for 
draft purposes.   

difficult because marked seasonal changes significantly 
influence this trait, through variable feed and water 
availability. The feeding and watering management 
practices require to be emphasized and built on, so that, 
higher rates of genetic gains can be realized for this 
objective trait in the long term. At present, improvement 
of MY might, therefore, be essential in influencing the 
number of animals available as replacement stock and 
for slaughter. However, Kahi and Nitter (2004) reported 
higher profits in breeding programmes with dual-purpose 
objectives than in those with a single purpose objective, 

Fig. 1.  Major reason (Y-axis) and ranking (X-axis) for keeping EAzebu cow in the study area, by county and relative importance

Figures 1 and 2 also show the importance of sale of live 
animals. This is an indication of the importance of live 
weight (LW) as an important trait for inclusion in the 
breeding programme. However, improving LW could be 

thus, a careful balance would be desirable.
The indigenous zebu breed is also used as a source of 
manure. Manure is used mainly as fertilizer in all the 
sub-counties. Livestock, given their centrality in nutrient 

Genetic improvement of East African Zebu cattle for milk production in ASALs - Preliminary evaluation of production objectives and management strategies
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cycling, plays an important role in the development of 
sustainable and environmentally sound mixed crop-
livestock farming systems. The other uses of zebu cattle 
were ranked low and they relates to socio-economic 
dynamics and underpinnings of the agro-pastoralists. 

Feeding strategies
The management of zebu cattle in the ASALs remains 

important in an effort to produce optimally. These 
areas have been on perpetual drought shocks and thus 
management strategies needs to be considered such 
as stocking rates, water and feed utilization. Poor 
nutrition is one of the major problems affecting livestock 
productivity in the tropics. This is normally reflected in 
reduced live-weights, perpetual low animal productivity, 
increased parturition intervals, prolonged non-productive 

Table 2. Major feeding method  (%) for the zebu cattle in south eastern Kenya
Method Makindu   Nzaui Mukaa Kathonzweni All
Free grazing on public land  10.11 13.48 11.11 0.79 8.08
Free grazing on own/rented  78.65 58.43 77.78 44.09 62.63
Paddocking on my farm   1.12 1.12 1.11 0.79 0.76
Zero-grazing    - - - 4.72 2.27
Semi-zero grazing   1.12 2.25 4.44 20.47 7.83
Tethering on roadside/farm  8.99 24.72 5.56 29.13 18.43

MBURU, MBUKU, NGIGE, KIHURANI, KATIKU AND KOSGEY

Fig. 2. Major reason for keeping EAzebu bulls in the study area, by county and relative importance 
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life and high mortalities. The major feeding methods for 
the zebu cattle are presented below.
In the study area, natural pastures were the major feed 
resource and their utilization was through continuous 
free grazing on own and/or rented land (62.63%). Some 
farmers in the study area tethered (18.43%) their animals 
with substantial farmers (29.13%) from Kathonzweni 
leading in tethering of their animals. Tethering is usually 
common during the rainy season. This could be due to 
the shortage of herding labour as farming activities are 
at their peak. Moreover, tethered animals are able to 
obtain sufficient access to pasture during this period of 
the year. Paddocking (0.76%) was rarely practiced in the 
study areas. This could be attributed to small land sizes 
arising from sub-divisions of land, concomitant supply 
of feeds, among others. Interestingly, zero grazing was 
not practiced in the study area in three sub-counties 
except Kathonzweni (4.72%). Supplementation of 
the indigenous breeds using high energy and protein 
concentrates was rarely practiced in the areas studied, 
and that made zero-grazing unpopular. Therefore, the 
cattle utilized natural pastures which were in most 
cases unavailable and thus the concept of productive 
adaptability by Wilson (2009) becomes important. Some 
of these strategies and practices influences the genetic 
make-up of the parents of the next generation.

Since the project aims at developing an improved SEAZ 
cattle for distribution to farmers on field, the best strategy 
would be to employ data collection in-situ, where animals 
are evaluated on smallholder farms thereby generating 
evidence of their performance under native environments. 
A scheme is needed where farmers with indigenous 
animals (bulls and cows) with exceptional performance 
(high milk yield, bull daughters with superb mothering 
ability, fast growing calves etc.) will be identified and 
their animals included in the study. Subsequent phenotype 
collection would seek to validate these perceived 
performance levels. Genotyping by sequencing (GBS) 
will be used to obtain genotypes for the animals. This 
method is better than using SNP chip technology, because 
it minimizes ascertainment bias and ensures better 
characterization of African cattle due to low minor allele 
SNP in these breeds.

Therefore, it becomes easier for genomic selection of the 
more adapted population with a view of fast introduction 
of advantageous novelty into the gene pool of the zebu 
cattle in the ASALs. Overall, this implies that average 
daily gain and adaptation traits must have a relatively 

high selection instensity in these arid environments which 
will impact on the overall genetic gains in the long term.
Conclusion
This preliminary results has demonstrated that agro-
pastoralists utilize the small East African zebu for various 
functions under the low-input production systems of 
south eastern Kenya. Production objectives for the zebu 
cattle revolves on provision of milk for subsistence 
purposes and sale of surplus for income with huge 
unexploited potential due to low productivity. The 
feeding strategies utilized especially on private land, 
either owned or rented, is adequate to ensure that the 
inbreeding levels were minimal thus leading to genetic 
gains on objective traits such as milk yield, liveweight, 
adaptation to stressful environments and fertility in a well 
structured breeding programme, so long as supportive 
infrastructure is put in place.
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Abstract
Pastoralists mostly depend on livestock production and small scale crop production for food and income. To improve 
pastoralists’ livelihoods, Sahiwal cattle breed which is resilient and dual purpose in nature with the benefits of both 
improved milk and beef production and better adapted to the harsh conditions that pertain to Arid and Semi-Arid 
Lands (ASALs) was introduced mostly by Kenya Agricultural Research Institute (KARI) among the pastoralists. With 
potential expected increase in milk production, the market profiles in terms of output levels and channels are likely to 
change. Using a random sample of 384 households from Narok and Kajiado Counties, this study analyzed factors that 
influence market development in pastoral areas. It aimed at providing information on possible effects on the output 
market changes contingent on increased production as a result of increase in number of Sahiwal cattle breed for milk 
market development. Data were analyzed using Double hurdle (DH) model. The results showed that level of income 
and income source, social network influenced participation in milk markets. Training of farmers on diversification 
in farm sources of income and group formation was necessary to increase milk market participation among the 
pastoralists.

Introduction
About 80% of Kenya’s land is Arid and Semi-Arid 
Lands (ASALs), best suited for livestock production 
(Barret et al., 2003). ASALs are well endowed with 
cattle breeds such as Sahiwal cattle that produce more 
milk for the pastoralists since it is a dual purpose cattle 
breed (Ilatsia et al., 2011). Sahiwal genetic resources are 
well adapted to the ASALS hash conditions and they are 
able to survive in low rainfall areas where environmental 
conditions prohibit keeping of dairy exotic cattle breeds 
that produce more milk (EPZ, 2005).

Livestock contribute to social capital as well as the 
sustainable livelihoods and the security of the rural poor. 
Increased milk production in ASALs offers a source of 
livelihood to majority of people through direct use of 
milk as food or marketing surplus. Production without 
access to market is a problem for many livestock 
producers in Kenya particularly in ASALs (Lightfoot et 
al., 2005).

Livestock dynamics can be expected to allow the rural 
poor to contribute to this growing market (Devendra, 
2001). Pastoralists lack reliable market outlets that 
could provide full benefit from Sahiwal cattle genetic 
resources. (Omore et al., 2004). To achieve these benefits 
it is necessary to address constraints within the milk 
marketing system.

Commercialization of dairy farming in pastoral areas is 
likely to benefit the pastoralist farmers by increasing their 

income sources and levels. Since the introduction and 
adoption of Sahiwal breed into the pastoralists’ livestock 
production system, the subsequent effects on milk market 
development and the underpinning drivers of milk 
marketing channels are unclear.

The overall objective of this study was to contribute to 
the milk market development for the economic welfare of 
pastoralists keeping Sahiwal breed in Narok and Kajiado 
Counties. The specific objective was to determine the 
factors that influence milk market participation and extent 
of participation among pastoralists in Kajiado and Narok 
counties. 

Study approach
Theoretical framework
This study is built on utility theory of utility 
maximization. The pastoralist farmer regularly makes 
market decisions in livestock production, the main source 
of livelihood and income in the region. The farmer 
decides whether to participate in milk market or not by 
comparing utility values. According to a Von Neuman 
Morgenstern utility function, the farmer is assumed to 
maximize expected utility. When making a decision on 
participating in milk market, the ith farmer compares 
the expected utility with participation, E(Up(W)) 
to the expected utility without market participation, 
E(Uwp(W)). Factors that influence the decision to 
participate are used as vectors of attributes of decision 
made by farmer i and εi is a random disturbance that 
arises from unobserved variation in preferences, attributes 
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of the alternative, and errors in optimization. Given the 
usual discrete choice analysis and limiting the amount of 
non-linearity in the likelihood function, E(Up(W)) and 
E(Uwp (W)) may be written as:

        (2.1)

      
    (2.2)

The difference in expected utility may then be written as,

     
(2.3)

A given choice will result if ; 
whereas, a preference without choice will be revealed if 
    The observed decision 
by the farmer for instance market participation, is 
hypothesized to be the end result of characteristics of a 
farmers and a complex set of preference comparisons 
made by the farmer (Adesina and Forson, 1995). If the 
benefits that the farmer gets from participating in markets 
are large giving a higher utility the farmer is likely to 
increase participation.

Empirical framework and model specification
To analyze the factors influencing market participation 
and the level of participation among the pastoralists, 
Double hurdle model was used. The decisions on 
participation and how much or the level of participation 
can be made jointly or separately (Berhanu and Swinton, 
2003). Tobit model assumes that the two decisions are 
affected by the same set of factors (Greene, 2000). 
When censored data models such as Tobit are used in 
market participation analysis, the factors leading to non-
participation are assumed to be the same as those that 
determine the intensity of participation. If a characteristic 
is known to have positive effect on level of participation 
then it may lead to prediction that a farmer will choose 
to participate in the market (Teklewold et al., 2006). 
Double-hurdle model generalizes the Tobit model by 
allowing for a separate first hurdle which represents a 
farmers’ decision to participate in market, and a second 
hurdle which represents the decision about how much 
to sell in the market. A sale is realized only after both 
hurdles are cleared, the two decisions can be modeled as 
dependent on or independent of each other (Cragg, 1971). 
Explanatory variables may appear in both equations or in 
either of one; a variable appearing in both equations may 

have opposite effects in the two equations (Teklewold et 
al., 2006). 

Double-hurdle model setup. When a household makes 
a decision to participate in the market, the resulting 
observation for sale is positive and   equal to 1, the 
Double-hurdle model is represented as;
       (2.1)

Equation (1.1) defines the market participation model 
where   took a value of one if the household made a 
decision to participate in market and a value of zero if no 
participation.
When   quantity sold or value is positive, it is represented 
in equation 1.2; 

      (2.2)

where, Qs represents quantity or value sold in the market, 
(e, u) are error terms that are normally and independently 
distributed with a mean of zero,   and Z  are the sets of 
variables that enter the first and second hurdles defining 
factors that affect the discrete probability of participation 
and intensity of participation respectively,     and    are 
parameters to be estimated.

Data, sampling and sample size
Data. The analysis of the factors that influence milk 
market participation and extent of participation used 
randomly collected cross sectional data collected 
between December 2012 and January 2013 from 
pastoralists in Kajiado and Narok counties using pretested 
questionnaires. The data included socio economic, 
institutional and infrastructure characteristics, specifically 
they included age, gender and education level attained by 
a household head, total land size owned by a household, 
distance to the nearest market, level of production and 
prices for the farm produce, farmer group membership 
and information source.

Sampling and sample size. Pastoralists in Narok and 
Kajiado counties formed the population assumed to be 
infinite from which sample was drawn. Sample size of 
200 farmers from Narok county and 120 farmers from 
Kajiado were taken which was be calculated using the 
proportion sample size determination formula as given by 
Kothari (2004), it is represented by equation (2.3a),

  + X =) (W)E(U ppp εα

E (Uwp (W))=αwp X+ ε wp

E (Up (W))-E(Uwp(W))=(αp X+ ε p )-( αwp X + ε wp )= ( αp  - α wp )=X +( εp - ε wp)= α X+ ε

0))W(U(E))W(U(E wpp >−

0))W(U(E))W(U(E wpp >−

eZQPYP s +=>== α11 )0()1(

uXQs += β1

α β
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        (2.3a) 

where n was the desired sample size, p was the assumed 
proportion of the farmers and milk traders in Narok 
and Kajiado which equal to 0.5, q represents (1-p) and 
z (1.976) is the standard variance given at a confidence 
level in this case α is equal to 0.05 and e is the level of 
statistical significance set which is equal to 0.05.
        (2.3b)

Narok and Kajiado counties were purposively selected 
because of the presence of pastoralists having a priority 
of keeping Sahiwal cattle. Multistage sampling technique 
was used whereby in the first stage two divisions from 
each county which include Kajiado central and Magadi 
in Kajiado county and Keiyan and Lolgolian in Narok 
county were purposively selected based production 
systems (i.e. pastoralism, agro-pastoral and ranches). 
In the final stage a sample of pastoralists and milk was 
selected through a systematic random sampling from 
source list which was obtained from the district livestock 
program officer (DLPO).

Results and discussion
Factors influencing milk market participation
Table 1 presents the double hurdle results on market 
participation. Income from livestock sales had positive 
influence on milk market participation with a significance 
level of 1%. Households that had more income were 
likely to sell milk and this suggests well-off households 

in terms of income levels participated in milk markets. 
It could also suggest that poorer households could not 
meet the transaction cost of participating in markets. 
Households with high levels of income from livestock 
sales had a higher probability of participating in milk 
markets (ME = 0.79). 

Amount of milk produced positively influenced the 
decision to participate in milk market at 1% significant 
level as presented in table 1. This indicated that with 
increase in amount of milk produced the pastoralists 
were likely to make a decision to sell milk. The results 
are consistent with Ehui et al. (2009) and Bardhan et al. 
(2012) who observed that increase in production led to 
farmers participating in markets. Households producing 
more milk had a higher probability of participating in 
milk markets (ME = 0.08). 

Distance to the milk market had a positive influence on 
market participation (significant at 1%). Households 
that were located far from the farm gate had a higher 
probability of participating in milk markets (ME = 
1.37). This was inconsistent with findings by Mukhura 
et al. (2001), Omiti et al. (2009), Arega et al. (2007) 
and Ouma et al. (2010) who noted that distance reduced 
the likelihood of participation in the market because it 
acted as a transaction barrier by imposing transaction 
cost. This could be explained by presence of middlemen 
who were willing to buy milk at the farm gate because 
it was cheaper. Households located near centers where 
the markets are situated are likely to venture into other 
businesses reducing farm production and therefore not 
likely to produce surplus for the market. 

z2pq
e2

n=

(1.96)2 (0.5)(0.5)
(0.05)2

384=

Table 1. Double hurdle coefficients of factors influencing milk market participation
Variable    Coefficient dy/dx  Std. Error
Income      0.795*  0.792   0.245 
Milk produced     0.072*   0.076   0.022 
Herd size     0.001  -0.0001  0.003 
Land size     -0.0001  0.031   0.0003 
Age of the household head   0.033  -0.184   0.200 
Education level of the household head -0.187   1.289   0.115 
Distance to sell point    1.296*   -1.487   0.435 
Access output market    -1.505***  0.792   0.829 
House hold group membership   1.742*   1.729   0.411 
Livestock sales income    -0.943*  -0.927  0.2721 
constant     1.714  2.904 
*, ** and *** denote significance at 1%, 5% and 10% confidence level

Factors influencing milk marketing and level of participation among pastoralists in Kajiado and Narok Counties
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Access to general farm output market had a negative 
influence on the decision to sell milk significant at 10%. 
Households that had access to general farm output market 
had a lower probability of participating in milk markets 
(ME = -1.49). This was inconsistent with findings by 
Mukhura et al. (2001), Omiti et al. (2009), Arega et al. 
(2007) who found that access to farm output market 
reduced transaction cost and this led to increased market 
participation. A plausible explanation to these results 
could be that farmers that had access to general output 
market chose other farm enterprises or did not need 
supplementary income from milk sales. 

Pastoralists’ membership to groups and associations 
positively influenced decision to participate in the milk 
markets significant at 1%. This was consistent with 
findings by Arega et al. (2007) who concluded that group 
membership influenced decision to participate in markets. 
Households that were members of organized groups had 
a higher probability of participating in milk markets (ME 
= 1.73). This implied that groups were a source of market 
information and this reduced the level of information 
asymmetry between the farmers and milk traders.
Income from cattle sales had negative influence on 
milk market participation with a significance level 
of 1% as presented in Table 1. This was in line with 
findings in a study by Ouma et al. (2010). Households 
that got more income from cattle sales were unlikely 
to sell milk. They also had a lower probability of 
participating in milk markets (ME = -0.93) as presented 
in table 1. This indicated that dependence on dairying 
as additional source of income decreased with increase 
in sale of livestock by the household. This suggests that 

the household that had low income from cattle sales 
participated in milk markets than their counterparts who 
had high income from cattle sales. Factors influencing 
level of participation in milk

Table 2 presents the double hurdle results on extent of 
milk market participation. Income from livestock sales 
had positive influence on amount of milk sold in the 
market significantly at 1%. This was in line with findings 
by Olwande and Mathenge (2012) and Reyes et al. 
(2012) who noted that poor households sold less to the 
markets because they could not meet transaction costs. 
This indicated that poor households sold little amount of 
milk in the market. This could be explained by low level 
of production among the poor households or inability 
to meet the transaction costs that are associated with 
increased volumes marketed.

Amount of milk produced significantly influenced 
amount of milk sold. This indicated that increased milk 
production increased the amount that was sold.
Though land size did not significantly influence decision 
to participate in milk market it had a positive influence 
on amount that was sold. This could be explained by 
the increased scale of production that is likely to be 
influenced by increased land size. This is in tandem 
with the findings by Omiti et al. (2007) who found 
that increased production led increased level of market 
participation.

Amount sold in the market was influenced by the age 
of the household head at 10% significance level. This 
was in tandem with findings by Staal et al. (2006) who 

Table 2. Double hurdle coefficients of factors influencing level of participation in milk markets
Variable     Coefficient Std. Error
Income       37.034*  4.894 
Milk produced      0.705*   0.041 
Herd size      -0.0202  0.015 
Land size      -0.018*  0.005 
Age of the household head    3.436***  1.828 
Education of the household head  0.363   1.062 
Distance to sell point     0.097   0.207 
Access output market     1.483   6.405 
House hold group membership    0.508   3.289 
Livestock sales income     -16.904*  2.574 
constant      -309.567*  44.627 
Sigma constant, 20.005*, 1.171, Log likelihood = -1166.4157, Probability > X2 = 0.0000; 
*, ** and *** denote significance at 1%, 5% and 10% confidence level

MUKUNDI, OBARE,  MURAGE, AND ILATSIA
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established that experience which was highly correlated 
with age had a negative influence though not significant 
on participation. This is because old farmers were likely 
to have local breeds and located far from the markets in 
rural areas.

Amount of milk sold in the market was also negatively 
associated with income from sale of livestock, farmers 
with increased incomes from cattle sales did not need 
to supplement total income. This was consistent with 
findings by Ouma et al. (2010) and Bardhan et al. (2012) 
who noted that farmers with low incomes sold more to 
supplement their low incomes.

Conclusion
This study analyzed the factors that influence milk 
market participation and extent of participation using the 
double hurdle model. Total income from livestock sales, 
amount of milk produced, distance to the sale point and 
group membership positively influenced the decision 
o participate in milk markets. While access to output 
market and income from live animal sales negatively 
influenced farmers’ decision to participate in milk 
markets. 

Total income, amount of milk produced age of household 
head positively influenced amount that was sold in the 
market. While land size and income from live animal 
sales negatively influenced the amount that was sold in 
the market.

In enhancing market participation among the pastoralists, 
actors should note that total income play a significant role 
indicating that innovations to increase income among 
the poor households can be instrumental in exploiting 
marketing opportunities. With increase in income from 
live animal sales pastoralists were negatively influenced 
to participate in milk market and interventions to 
encourage farmers to have numerous enterprises in the 
farm as income sources for household security. The 
results show that membership to groups is positively 
associated with market participation. Groups provide 
information and financial services to the farmers and 
these are critical in accessing market opportunities. 
Increasing social capital among the pastoralists is 
therefore of great value in enhancing access to markets. 
As farmer’s age increased they were more likely to sell 
more milk in the market, efforts to increase amount sold 
in the market should target the young farmers.
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Abstract 
In the face of developing dairy and beef industries with specialized intensive production, the pastoral production 
systems, utilizing dual purpose indigenous cattle genetic resources still remain relevant. Despite the significant 
contribution of Sahiwal cattle breed to meet the milk and beef demands in pastoral systems, economic and biological 
evaluations of the dual-purpose systems are scarce. The scarcity of formal breeding objectives among the pastoral 
Sahiwal keepers, makes the estimation of economic values necessary to guide the direction of genetic improvement. 
For this dual purpose breed, economic values were derived from a bio-economic model combining biological 
performance and feeding strategies reflecting the production circumstances of pastoral systems. In this study two 
systems were considered; extensive system based on grazing on natural pastures only, and low input system with 
some level of supplementation. Economic values (KES/ cow/year) were slightly high in a low input system at KES. 
29.72 for milk yield (MY), 36.89 for bull sale weight (SWb), 10.37 for heifer sale weight (SWh), 49.42 for combined 
sale weight (SW), 345.60 for cow survival rate (CoSR), 300.26 for pre-weaning survival rate (SR), 268.61 for post-
weaning survival rate (PSR) and -51.45 for calving interval (CI). Corresponding values for extensive system were: 
30.00, 33.34, 6.83, 41.32, 313.52, 261.85 and -44.32 respectively. This indicates the importance of survival traits in 
pastoral production systems. Improvement of milk yield would be more profitable than improvement of meat yield 
under these conditions. However, improvement of both outputs would yield more profits than individual output 
improvement and would therefore be the optimum option. This calls for continued improvement of this dual-purpose 
breed rather than specializing in milk or beef.

Introduction
In Kenya, cattle are reared under various production 
systems, which vary in agro-ecological conditions, 
and production and husbandry objectives, that range 
from extensive subsistence pastoral, to more developed 
productivity based intensive systems (Bebe et al., 2003; 
Mwacharo and Drucker, 2005). Over 60% of the cattle 
population in Kenya are found in the arid and semi 
arid lands (ASALs), mainly characterised by pastoral 
production systems (MOLD, 2008). The Sahiwal is one 
of the breed of choice in these systems because of its 
relatively high milk production and growth potential, 
as well as good reproductive ability (Ilatsia et al., 2007; 
Ilatsia et al., 2011a). Its suitability for the rangelands 
is also based on the fact that it has evolved and has 
been reared under almost similar harsh agro-climatic 
conditions in its native home in the Punjab region of 
India and Pakistan (Muhuyi, 1997). Specifically, the 
Sahiwal breed is used in up-grading programmes of the 
relatively well adapted East African Zebu (EAZ) for 
improved milk production and growth performance under 
pastoral conditions (Meyn and Wilkins, 1974; Trail and 
Gregory, 1981; Muhuyi et al., 1999). It is considered 
a dual-purpose breed because the cows are milked and 
bulls and surplus females are reared for beef.

The breed is favoured because it produces more meat as a 
result of the relatively big body size. Milk is a staple food 
and an important component of the daily diet among the 
pastoralists (Ilatsia et al. 2011a). In the face of developing 
dairy and beef industries with specialized intensive 
production, the pastoral production systems, utilizing 
dual purpose indigenous cattle genetic resources, still 
remain relevant. This is because they are adapted to the 
climatic, nutritional and economic constraints affecting 
them. The Sahiwal production and breeding goals among 
the pastoralists therefore increases their economic and 
social importance. 

Despite the significant contribution of Sahiwal breed 
to meet milk and beef demands in pastoral systems, 
economic and biological evaluations of the dual-purpose 
systems are scarce. The scarcity of formal breeding 
objectives among keepers, makes the estimation of 
economic values necessary to guide the direction of 
genetic improvement. This is because poorly defined or 
lack of breeding objectives results in little or no benefits 
from breeding efforts, sub-optimal selection decisions 
and low economic returns.

The breeding objective is described by a profit function 
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that takes genetic values as input and produces profit 
as output. The economic value expresses to what extent 
improvement of genetic merit of a trait can contribute 
to an improvement of economic efficiency of animal 
production systems (Groen, 1988). Biological and 
economic parameters reflecting the dual purpose Sahiwal 
breed were used in the bio-economic model (Rewe et al., 
2006). From the model, economic values for production 
traits (milk and beef), and functional traits (survival rate 
and calving interval) were determined. 

Materials and methods 
Model description 
 The model is deterministic and static, and assumes no 
variation in characteristics among animals. Most of the 
input parameters, herd management practices, animal 
productivity and reproduction characteristics were 
obtained from field survey as described by Ilatsia et al. 
(2011a). The model evaluation is based on per cow per 
year and therefore the relative herd structure (calves, 
heifers and bulls) is based on this too. Additionally, 
herd dynamics such as calving rate, cow culling rate, 
and replacement heifers are on per cow per year basis. 
Seasonal variations in animal performance and prices 
were not included in the model. The variations in genetic 
merit between animals were not considered either. 
The model considered herd averages. The production 
variables applied in the model are presented in Table 1.

Breeding, production and marketing systems
Breeding and multiplication. Sahiwal cattle breeding 

has a hierarchical structure with stud herds, commercial 
multipliers and the pastoral herds. The National 
Sahiwal Stud (NSS) at KARI Naivasha is the main 
supplier of Sahiwal cattle genetic resources to 
farmers, complemented by ranches and private farms. 
Dissemination of breeding material is through sale of live 
animals from NSS and through artificial insemination 
by the Kenya Animal Genetic Resources (KAGRC). The 
Sahiwal bulls at KAGRC are bred and reared by NSS. 
The breeding programme at NSS is supported by an 
elaborate performance and pedigree recording scheme 
and artificial insemination that allow for progeny testing 
scheme. Selection decisions are mainly based on physical 
characteristics and pedigree information as reported by 
Ilatsia et al. (2011a).

Genetic improvement strategies for the Sahiwal breed 
in Kenya include both pure breeding and cross breeding 
(Ilatsia et al. 2011b). Pure breeding programmes are 
implemented mainly by NSS, some ranches and pastoral 
herds. Breeding in pastoral herds is by use of bulls either 
to pure Sahiwal cows or crossbreeding with EAZ for 
purposes of upgrading.

Production systems 
Pastoral production systems are characterised by 
communally owned marginal land with little capital 
investment if any. Management practices lack specialized 
operations with natural mating, hand milking while the 
calf is suckling and lack of performance records. In this 
study two systems were evaluated; extensive and low 

Table 1. Production variables applied in the bio-economic model for dual purpose Sahiwal cattle under pastoral system 
of production
Production variable (trait)  Description    Unit   Level
           Low input Extensive
Milk yield (MY)  Milk yield per cow per lactation liters   1663  1370
Age at first calving (afc) Age when heifer first calves down  days 1347  1410
Calving interval (CI)  Days between subsequent calvings  days 468  468
Heifer sale weight (SWh) Live weight of heifers at point of sale  kg 356  339
Bull sale weight (SWb)  Live weight of bulls at point of sale   kg 419  370
Cow weight (CoWT)  Mature cow live weight    kg 356  356
Weaning weight (ww)  Mean weight at weaning   kg 48.59  48.59
Dressing percentage (dp) Meat output as % of live weight at slaughter % 52  52
Preweaning survival rate (SR) Calves surviving to weaning as % of calves born % 81  81
Postweaning survival rate (PSR) Calves surviving to 12 months of age as % of % 93  93
    calves weaned 
Cow survival rate (CoSR) probability of a cow to stay in a specific lactation 97  97
    without being involuntarily culled  
Replacement rate Proportion of animals retained for further breeding   17  17
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input systems. An extensive system assumed animals are 
grazed on natural pastures without supplementation and 
minimum veterinary intervention. This system assumed 
that farmers have no other option of utilizing the land or 
the available forage on the farm and no costs are incurred 
in forage production (Kosgey et al. 2003). As a result 
feed costs were set to zero. The level of some input in 
this system could be lower than for common smallholder 
production system. Fixed costs were also set to zero. In a 
low input system animals grazed on natural pastures with 
supply of additional feed at a cost in response to changes 
in feed intake. It was assumed that Lactating cows were 
supplemented with 2.35 kg concentrates daily during 
the lactation period regardless of production. Other 
intervention strategies such as control of endoparasites 
through deworming and ectoparasites through spraying/
dipping were accounted for as husbandry costs. 

Marketing systems
Pastoralists keep cattle for both beef and milk production. 
The dual purpose role of Sahiwal genetic resources 
guarantees revenue through sale of milk and live animals 
(Ilatsia et al. 2011a). Milk is mainly suckled by the and 
also used for domestic consumption. Any surplus is sold 
mainly by women, at local markets, to neighbours and 
middlemen based on volume. Live animals are sold at 
local livestock markets and butcheries on a willing-buyer-
willing-seller basis, with prices being determined by 

visual appraisal of body size/weight (Ilatsia et al. 2011b). 
Within the model, marketing costs were assumed to be 
uniform for all animal categories sold while no cost was 
incurred in marketing milk. 

Sources of income and expenses 
The sources of income were milk, culled cows, bulls 
and surplus heifers. All male calves and female calves 
not needed for replacement are fattened up to slaughter 
weight. Feed (grazing) costs, husbandry and marketing 
costs were identified as the sources of expense. The major 
components of inputs and outputs at different growth 
stages in the production systems are presented in Figure 1 
and the unit prices and costs of the production parameters 
in Table 2. 

Table 2. Unit prices and costs used for calculation of 
economic values for dual purpose Sahiwal cattle in 
pastoral production system
Parameter     Price (KES)
Milk price per litre     30
Price of beef per kg    300
Natural pasture cost per kg DM    0.50
Concentrate cost per kg DM   30
Reproduction cost per cow per year  200
Labour cost per head per day   3.50
Marketing cost live animal    200

Fig. 1. Major components of inputs and outputs at different growth stages in the dual-purpose system
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In a dairy system where lactating animals also provide 
beef, the price per kilogram live weight for the lactating 
animals disposed depend on dressing percentage and 
carcass quality, which are influenced by lactation number 
and stage of lactation (Groen, 1988). Such evaluation 
systems are lacking in pastoral systems and therefore 
there was no such adjustments made.

Biological traits affecting revenue and costs 
Well defined and appropriate breeding goals are required 
to support Sahiwal cattle breeding programmes (Ilatsia et 
al. 2011b). Such goals serve in defining traits of interest 
and important components of the breeding programme 
that have a direct impact on costs and revenue. The 
inclusion of milk yield (MY) is obvious. Pastoralists rear 
the Bos indicus cattle not only for beef but also for milk 
production. Milk production is ranked the first purpose of 
pastoralists for keeping Sahiwal cattle genetic resources 
(Ilatsia et al., 2011a). Surplus milk in these systems is 
sold on volume basis without much consideration of 
composition such as fat, protein, cell count (Kahi and 
Nitter, 2004). Milk is also important in improving the 
growth rate of calves. The herd average milk yield was 
considered in the model accounting for morning and 
evening milk.

Good reproductive efficiency is an important trait in 
cows. As a fertility trait, calving interval (CI) affects 
the calving pattern, lactation milk yield, and to some 
extent, culling rate. These aspects influence both costs 
and returns in the production system. Pastoral systems 
view reproductive efficiency in terms of one calving per 
annum (Ilatsia et al., 2011a) and therefore the need for 
the inclusion of calving interval. 

Animals for slaughter are marketed on the basis of price 
per kg live weight making sale weight (SW) an important 
trait. Big body size is a breeding objective among the 
pastoralists because market prices are mostly determined 
by body weight (Ilatsia et al. 2011a). Big body size 
translates to high sale prices. 

In the tropics, the ability of an animal to survive up to 
a certain predetermined age reflects its ability to adapt 
to the prevailing conditions (Rewe et al., 2006). This 
makes survival traits important in any tropical breeding 
programme. Vargas et al. (2002) defined cow survival 
rate as the probability of a cow to stay in a specific 
lactation without being involuntarily culled for health 
reason, e.g. mastitis, disease mortality, or udder and 

teat problems. Improved survival rates affect the herd 
composition, rather than changing the individual animal 
performance and therefore exert great changes in revenue 
and costs. The importance of survival is more important 
in regions where disease controls are less efficient and 
incidence of diseases is higher (Vargas et al. 2002). In 
this study pre-weaning survival rate (SR), post-weaning 
survival rate (PSR) and cow survival rate (CoSR) were 
evaluated as independent traits affecting different stages 
of a cow’s life cycle.

Derivation of economic values 
Economic values were derived by accounting for unit 
changes in returns and of costs arising from improvement 
of a trait also referred to as partial budgeting. The partial 
budgeting approach is preferred because it enables 
the user to vary relevant parameters of the model 
independently. 
The basic profit equation used was:

  
Where P is the profit, R revenue and C costs.
The revenues per cow per year were calculated as:

 

and costs were calculated as:
 

where i is the animal category corresponding to 1 -
heifers, 2 - bulls and 3 - cows, respectively, and F, H and 
M correspond to feeding, husbandry and marketing costs 
respectively.
Economic values were calculated based on fixed herd-
size from the equation:

 
where δR and δC are the marginal changes in revenue and 
costs after a 1% increase in the trait of interest and δt is 
the marginal change in the trait after 1% increase.
Fixed herd-size scenario assumes a situation where there 
is an optimal herd of animals that can be supported by 
the production system. Availability of resources usually 
limits the ability of farmers to keep more animals even if 
they have enough land (Rewe et al., 2006).  Pastoralists 
counter the challenge of feed shortage by migrating 
their livestock to areas with pasture. Other factors such 
as restricted farm size may limit the number of animals 

P=R-C
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able to be maintained in it. Financial constraints may also 
constrain provision of veterinary care. These constraints 
or limitations should be taken into account in EVs for 
traits where the breeding programmes is to be set (Kahi 
and Nitter, 2004).

Sensitivity analysis
Sensitivity of EVs for traits to price levels of inputs 
and products gives information on the likely direction 
of future genetic improvement, and production system 
which has important implications for practical breeding 
programmes (Kosgey et al. 2003). Sensitivity analysis 
of EVs to changes in the main sources of revenue and 
expense i.e. of feed, milk and meat was carried out. 
Variations of ±20% with respect to the original prices 
were performed considering the base situation and fixed 
number of animals and keeping all other parameters at 
their original value.

Results 
The sources of revenue in the pastoral systems were 
milk and beef. Milk was from mature lactating females 
whereas beef was from bulls, culled heifers and cull-for-
age cows. Expenses were incurred in feeds (grazing), 
husbandry, and marketing. The EVs were expressed in 
KES per unit change in each trait and therefore their 
magnitude is influenced by the unit of measurement 
chosen e.g. kg or %.

to yield more benefit with some levels of intervention in 
management such as feed supplementation and veterinary 
intervention. EVs under both systems were positive 
except for CI, indicating that genetic improvement for 
these traits would have a positive effect on profitability. 
Genetic improvement of MY in the two systems yield 
similar EVs despite the low input yielding more profit. 
The extensive system would produce more milk at 
reduced costs.

As expected the EV for calving interval was negative 
indicating that selection aimed at decreasing the CI would 
positively influence the overall profit. 
The genetic merit for sale weight was positive as a 
result of increase in kg beef from culled heifers and 
fattened bulls despite the increased energy requirement 
for maintenance for the different categories and milk 
production for lactating cows. The differences in EVs 
between the systems can be attributed to differences in 
sale weights of slaughter animals. Input sale weight was 
higher in low input than in extensive system.

Survival traits gave the highest EVs of all the traits 
evaluated, being higher with low input.
Sensitivity of EVs to changes in prices of milk meat and 
feed is presented in Table 4. The sensitivity trend was 
similar for both production systems therefore, only results 
for low input system are presented. EVs were more 
sensitive to changes in price of meat than to price of milk 
and feed. There was linear response of EVs to increased 
or decreased in price levels. Except for MY, EVs were not 
sensitive to changes in the price of milk.

Figure 2 presents the trend of economic response to 
increase in meat and milk either singly or combined up to 
a 50% level. It indicates that improvement on meat only 
would not yield as much profits as would milk or of both 
products combined.

Discussion
Economic values for a number of production and 
functional traits of Sahiwal breed were computed from 
a bio-economic model. Relative EVs for different traits 
in Kenya have been evaluated for dairy (Kahi and 
Nitter 2004) and beef cattle (Rewe et al. 2006) defining 
different breeding objectives. Positive EV for MY in 
a pasture-based system has been reported by Rewe et 
al. (2006) who evaluated a beef system where MY was 
considered an important trait. Differences in EVs for MY 
are expected in different systems due to differences in 

Economic values for traits per unit increase in genetic 
merit are presented in Table 3. In general EVs were 
higher in low input than in extensive system. The 
differences in EVs in the production systems; extensive 
and low input can be attributed to differences in input 
parameters whereby animal performances are higher in 
the later. This indicates that genetic improvement is likely 

Table 3. Economic values per cow per year for traits for 
dual purpose Sahiwal cattle in pastoral production system
Traita   Value (KES)
  Extensive system     Low-input system
MY  30.00   29.72
SWb  33.34   36.89
SWh  6.82   10.37
SW  41.32   49.42
CI  -44.87   -51.45
SR  261.85   300.26
PSR  233.25   268.61
CoSR  313.52   345.60
aSee Table 1 for definition of traits

Economic values for production and functional traits for the dual purpose Sahiwal cattle in pastoral production systems
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price and production levels (Bekman and van Arendonk, 
1993). Despite the positive EVs for MY it has been 
indicated that selection for higher milk yield alone in 
dairy cattle is generally accompanied by deterioration of 
functional traits such as health, calving ease, fertility e.g. 
prolongation of CI (Groen et al. 1997; Veerkamp et al. 
2002).

Economic values for sale weights (SWb, SWh and 
combined SW) were positive. Similarly to Rewe et al. 
(2006) EVs for SWb was higher than for SWh. This 
is because more bulls than heifers contributed to beef 
revenue. The largest proportion of bulls is fattened for 
slaughter compared to heifers whereby a significant 
number is retained in the herd as replacements. It is 
only the culled heifers that contribute to beef revenue. 
In dairy cattle, improving the body size results in low 
positive EVs for the trait (Vargas et al. 2002). This 
is mainly attributed to the low carcass price of dairy 
animals. Previous studies have reported negative EVs 

for body weight in dairy cattle (Groen 1989, Visscher 
et al. 1994). However, these studies assumed a feeding 
strategy based on nutrient requirements only. In this 
study the EVs for sale weight are positive despite the 
increased requirements for maintenance associated with 
increase in body size. This is because the economic merit 
of improving body size is not only high beef sale but high 
milk correlated with it.

The negative EVs obtained for CI are desirable. 
Prolonged CI is an indication of reproductive inefficiency 
which leads to wastage of breeding opportunities. A 
shorter CI interval would result in more revenue from 
increased number of calves per year. The reduced margins 
from longer CI are due to reduced livestock sales per cow 
calving and higher total costs per cow. Although it might 
seem that prolonged CI would benefit the system through 
milking the cow for longer, the penalty of a longer CI is 
more severe when the milk output is fixed (Veerkamp et 
al. 2002) as is the current study. 

Table 4. Sensitivity analysis (low input) of economic values for dual purpose Sahiwal cattle in pastoral production 
system
     Traitsa
 % change MY SWb SWh SW CI SR PSR CoSR
Base situation  29.7 36.89 10.37 49.42 -51.45 300.26 261.68 345.64
Pmilk +20  35.7       
 -20  23.7       
Pmeat +20   44.27 12.44 59.30 -63.55 370.86 330.10 423.64
 -20   29.52 8.30 39.54 -39.35 229.66 207.12 267.65
Pfeed +20  29.66     297.62 266.36 343.45
 -20  29.77     302.89 270.86 347.84
aSee table 1 for definition of traits

 

Fig. 1. Major components of inputs and outputs at different growth stages in the dual-purpose 
system 

Fig. 1. Major components of inputs and outputs at different growth stages in the dual-purpose system
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Because of the nature of the production system where 
animals are raised under range conditions with minimum 
husbandry intervention, survival traits become very 
important. An increase in cow survival rate translates 
to lower replacement rate and therefore the optimum 
herd-life increases as cows become more cost effective. 
Positive EVs for survival rates have been reported 
before (Vargas et al. 2002, Kahi and Nitter, 2004, Rewe 
et al. 2006). The effect of an increase in survival rate 
is mainly exerted through changes in herd composition 
rather than change in individual performance (Vargas et 
al. 2002). The importance of SR and PSR can be linked 
to adaptability (Kahi and Nitter, 2004) which is critical 
in conditions characterised by disease challenges, poor 
nutrition and heat stress. 

The insensitivity of most EVs to the price of milk is 
due to lack of specific relationship between the traits 
and input prices in the model. Improving survival traits 
affects the herd structure and therefore changes the 
profit accrued from the herd. As a result, increasing feed 
cost would lower the economic value for these traits. 
Improvement of MY increases the nutrient requirements 
for lactation. Therefore when feed costs are higher the 
EV of this trait is reduced. EVs for sale weight and CI 
were stable to changes in the price of milk and feed. 
Improvement of sale weight increases the revenue 
generated from beef sales. Additionally, improving 
survival traits increases revenue from more slaughter 
animals and milk sales. Consequently increasing the price 
of meat linearly increases the EVs of these traits.
Improvement of milk yield would be more profitable 
than improvement of meat yield under these conditions 
(Fig. 2). However, improvement of both outputs would 
yield more profits than individual output improvement 
and would therefore be the optimum option. This calls for 
continued improvement of this dual-purpose breed rather 
than specializing in milk or beef. This would increase 
the efficiency of production in areas faced with adverse 
climate variability, nutritional stress and economic 
constraints. Improvement of milk yield should be viewed 
not only from income from sales but also from improved 
calf nutrition and therefore growth rates. Selection for 
milk and beef production would result in a correlated 
response in body weight of the cows (Bekman and 
van Arendonk, 1993). Although the increase in mature 
weight would result to increased energy requirements for 
lactating cows, the economic merit for beef value would 
increase. Therefore selection strategies for milk and beef 
production traits should account for body weight.

Improvement of genetic merit in traits of economic 
importance is accompanied by efficiency of resource 
utilization. For example improvement of genetic merit 
for milk production per cow will result in a reduction 
in the number of cows and consequently a reduction in 
costs of feeding, labour, housing and so on (Groen et al. 
1997). This should be the objective in Kenya where land 
size is diminishing as a result of subdivision for human 
settlement. 

Conclusion 
Economic values were calculated to evaluate to what 
extent improvement of genetic merit of different 
production and functional traits would contribute to 
improvement of economic efficiency of Sahiwal cattle 
in pastoral production systems. Improvement through 
selection for breed would be optimal when targeting 
both milk and beef than individual output. The economic 
values computed here are undiscounted. Discounting of 
the current and other traits will be considered in another 
study. It is recommended that cumulative discounted 
expressions be computed as a further step to determine 
the relative emphasis of the traits in the breeding goal. 
Detailed studies are required to determine the nutritional 
requirements and partition allocations for growth, milk 
and beef yield. Optimal mix of milk and beef production 
in conditions of seasonal pasture fluctuations also need to 
be understood.
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Abstract
Zebu cattle populations play a significant role in the dairy value chain in pastoral and agro- pastoral systems. 
Upgrading programmes through crossbreeding has been the main genetic improvement strategy. However the 
challenge remains access to quality breeding stock to enhance genetic improvement. The objective of this study 
is to apply selected Assisted Reproductive Techniques (ART) rapid gene flow programmes to enhance germplasm 
availability (in the short run) and genetic improvement (in the long run) of Zebu cattle populations within the Eastern 
Africa countries. Both On-centre and On-farm breeding schemes involving three hormonal treatment protocols have 
been set up. On-Centre schemes involve two farms of KARI Naivasha, Lower farm and Ol’Magogo. On-farm trials 
have been set up in selected farms (Nasukuta NLMC, Pserum, Kaikai and Ywalateke) in West Pokot County, (Ole 
Saire, Parantai, Kusero, and Lasit) in Kajiado County and (Keiyian, Olopirik A and B) in Transmara Sub County. The 
three treatments were based on the presence or absence of ovarian cysts. Successful response is measured at three 
levels; (1) Ease of opening of the cervix, (2) Presence of an active Corpus Luteum (CL), and (3) Actual pregnancy 
diagnosis.  Other indicators such as obvious heat signs before and at insemination day and wetness of the vulva were 
also recorded. A total of 622 (On- centre 275, on- farm 347) candidates have gone through the protocol. The response 
rate indicated by the ease of opening of the cervix implying the presence of the CL   has been 92% on- centre and 90% 
on- farm. There is a significant difference in the response between Lower and Ol’Magogo farms, as well as among the 
on-farm farms that are participating in the programme. Based on the initial trials that were done late last year 2012, 
the calving rate on-Centre has increased from previous 30 calves per month to the new 90 calves an average of three 
calvings per day. Preliminary indications are that use of ART could greatly enhance gene flow and ultimately genetic 
improvement for dairy production among Zebu cattle populations.

Introduction
Indigenous cattle breeds, though perceived to be of low 
productivity, play undisputable role to the livelihoods of 
majority of households in Eastern Africa region. They 
provide both tangible and intangible benefits to rural 
population through supply of meat and dairy products, 
as well as a source of wealth and insurance against 
uncertainties. Their production potential has been 
constrained by, among other factors, lack of structured 
breeding programmes to support improvement (Ilatsia 
et al., 2011; Kahi et al., 2005). One of the improvement 
strategies for Zebu cattle populations has been up-grading 
using introduced Zebu breeds such as the Sahiwal 
and Boran (Muhuyi et al., 2011). Most of the existing 
Sahiwal breeding farms cannot offset the current shortfall 
of breeding animals, a situation that leads to wasted 
breeding opportunities since cows and heifers go un-
served for a considerable long period of time. Traditional 
reproductive techniques such as Artificial Insemination 
(AI) combined with Estrus Synchronization (ES) could 
be a viable option to enhance access to quality breeding 
material. How such approaches could be implemented 

especially in the more challenging pastoral and agro-
pastoral systems is yet to be piloted. This paper provides 
some preliminary results of the experiences and lessons 
learnt so far in using   Assisted Reproductive Techniques 
(ART) to enhance germplasm multiplication and 
distribution among Zebu cattle populations.

Materials and methods
Selection of farms
Farms were selected based on the urgent need of Sahiwal 
genetic resources and were not available in form of live 
breeding bulls. The farms had to have non-pregnant 
(Empty) cows from the first parity onwards. The farmer 
had to keep the selected cows away from any bull 
throughout the protocol time of three (3) months. All the 
selected cows had to have an identification in form of 
numbers or names and record keeping was started from 
then on. Both on-centre (KARI Naivasha) and on–farm 
(West Pokot, Kajiado, and Transmara) breeding schemes 
involving three (3) hormonal treatment protocols have 
been set up. Postpartum and lactating, Sahiwal (on-
station), Zebu and Zebu x Sahiwal, Sahiwal x exotic 
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breeds on-farm (n=622 comprising on-- Centre 275, 
on-farm 347; (Table 1) were selected to undergo the 
hormonal therapy ES and AI protocol. Both On-centre 
and On-farm breeding schemes involving three hormonal 
treatment protocols have been set up. On-centre schemes 
involve the two farms of KARI Naivasha, Lower and 
Ol’Magogo where inseminations are done using semen 
from old generation bulls (1966 to 1979). Sensitization 
and capacity building of the implementers at farm level 
have been done including one week training on record 
keeping and other management practices that was carried 
out at KARI-Naivasha. The training was set to coincide 
with an on-station protocol so that the stakeholders 
appreciated and participated. On-farm trials have been 
set up in selected farms (Nasukuta NLMC, Pserum, 
Kaikai and Ywalateke) in West Pokot County, (Ole 
Saire, Parantai, Kusero and Lasit) in Kajiado County 
and (Keiyian, Olopirik A and B, C) in Trans-Mara Sub-
County. 

The protocol was based on timed injections at specific 
time in each day of injection. Successful response is 
measured at three levels; (1) Ease of opening of the 
cervix, (2) Presence of an active Corpus Luteum (CL), 
and (3) Actual pregnancy diagnosis. Other indicators such 
as obvious heat signs before and at insemination day and 
wetness of the vulva were also recorded. Other recorded 
parameters included the time of service, bull number 
semen used, and the inseminator. 

Estrous Synchronization is based on the combination 
of Gonadotropin releasing hormone (GnRH) and 
Prostaglandin F2α (PGF2α). The protocol involves an 
injection of GnRH in day 0 followed 7 days later by an 
injection of PGF2α. A second injection of GnRH follows 
the PGF2α injection after?  30-48 hours. The method is 
designed to be used with timed insemination 8-24 hours 
after the last GnRH.

Table 1. Cows treated and synchronized with GnRH + PGF2α on-station and on-farm
Site    Farms and cow No’s  Breed type    No.
KARI Lower farm       Sahiwal     102
KARI Ol’Magogo      Sahiwal     173
West Pokot    Nasukuta NLMC (21)  Sahiwal, Zebu and Crosses  121
    Pserum (15)  
    Kaikai(24)  
    Ywalateke(14)  
    Lokongiro (16)  
Kajiado Ole Saire farm (21)     Sahiwal x Zebu    100
    Ole parantai farm (6)  
    Ole Kusero farm(19)  
    Lasit farm A& b(54)  
Trans-Mara   Keiyian ranch (56)  Sahiwal x Zebu and Sahiwal x Exotic 126
    Olopirik ranch A&B (55)  
    Ole Yiampoi farm(15)  
Total             622

Candidates were eligible at first parity and above, non-
pregnant as per the farmer and confirmed by rectal 
palpation by the technical team from KARI. All selected 
candidates were separated from any bull during and after 
the protocol. Body conditions of the potential candidates 
were scored as good, fair and poor. 

Hormonal treatments
The three treatments were based on the presence or 
absence of ovarian cysts determined by initial profiling 
of all potential candidates. Candidates with fair and poor 
body condition were boosted with 10 ml of multivitamins 
on day 0 when the first dose of GnRH was administered. 

Results and discussion
Preliminary data analysis on SAS showed a significant 
difference in the response measured by presence of CL/ 
open cervix at insemination between the two KARI farms 
(Lower farm 84% and Ol’Magogo 72%). Other variables, 
parity, age, cystic ovaries and body size were not 
significant.  The initial profiling showed that the farmers 
knew that their animals were empty. Successful response 
is measured at three levels; (1) Ease of opening of the 
cervix, (2) Presence of an active Corpus Luteum (CL), 
and (3) Actual pregnancy diagnosis. Other indicators 
such as obvious heat signs before and at insemination day 
and wetness of the vulva were also recorded. There is a 

PULEI, NAKEEL, ILATSIA, MUKASA,  LOKWALEPUT AND MBUKU Use of assisted reproductive technologies to enhance dairy germplasm multiplication among Zebu cattle populations - Preliminary indications



�43

significant difference in the response among the farms 
that are participating in the programme. The overall 
response rate has been 78% on-Centre and 90% on- farm.
Ol’Magogo farm had the highest number of cystic cows 
and that may account for the lower response compared to 
Lower farm. On-farm, Kajiado had the highest number of 
cystic animals at 62%. Based on the initial trials that were 
done late 2012, the calving rate on-Centre has increased 
from previous 30 calves per month to the new 90 calves 
an average of three (3) calvings per day. Preliminary 
indications are that use of ART could greatly enhance 
gene flow and ultimately genetic improvement for dairy 
production among Zebu cattle populations. 

This synchronization system results in a tight synchrony 
of estrus, allowing breeding at an appointed time without 
detection of estrus (Twagiramungu et al., 1994). The first 
injection of GnRH causes either ovulation or luteinization 
of all dominant or large growing follicles. As a result, 
a new follicular wave is initiated in all cows about 3 
days after the injection (McMillan et al., 1985a, 1985b; 
Thatcher et al., 1989). Therefore, all the females in the 
group have growing follicles of about the same stage of 
development. In addition, GnRH stimulates development 
of luteal tissue from the cells that were previously the 
dominant follicle. The PGF2α injection lyses the CL 
resulting from the GnRH injection that initiates the 
process that leads to ovulation in dairy (Twagiramungu 
et al., 1992a, 1992b) and beef (Pursley et al., 1995, 
1997). The final GnRH injection serves to increase the 
synchrony of ovulation so that timed-insemination can 
be utilized 8 to 24 hours (ideally 16 hours) later within 
the group of females. The success of the first injection 
of GnRH to synchronize follicular growth is usually 
good. The method utilizes an initial dose of GnRH to 
synchronize ovulation in a group of females. 

The GnRH systems synchronize follicular growth and 
ovulation so that all cows ovulate within a few hours 
of one another. Another advantage of the GnRH system 
is that they induce ovulation and oestrus cycles in non-

cycling cows. If cows are given an injection of GnRH, 
then enough LH is released to cause the largest follicle 
on the ovary to ovulate and form a CL. A new wave of 
follicles will start to grow since GnRH “removed” the 
dominant follicle and the follicular growth of the cows is 
synchronized.

Conclusion
These preliminary results indicate that it is possible 
to employ Assisted Reproductive Techniques even 
in hash pastoral environments for purposes of rapid 
multiplication of breeding stock.  

Recommendations
The response indicates that ES and AI may be a 
solution to the shortage of breeding bulls and a rapid 
dissemination of superior genetic germplasm. 
It should be noted however that ES cannot be 
implemented in many farms as would be the case, but 
selected farms that could act as nucleus breeding units 
for other farms. For example, the farms selected in this 
programme were based on their advantaged position in 
infrastructure and for being the main source of breeding 
animals for neighboring farms. 
Cystic ovaries seem to be associated with nutrient 
deficiency and therefore improving nutrition status of the 
animals may alleviate the situation
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Abstract
Contagious caprine pleuropneumonia (CCPP) is a cause of major economic losses in goat production in at least 30 
countries in Africa and Asia which have a total goat population of more than 300 million. Acute CCPP is caused by 
Mycoplasma capricolum subspecies capripneumoniae. The disease is characterised by fibrinous pleuropneumonia 
with increased straw-coloured pleural fluid. Morbidity and mortality rates may reach 100% and 80%, respectively. 
Close contact among goats is necessary for the disease to spread. The diagnosis of outbreaks of CCPP is complicated 
by other infectious agents causing similar syndromes. Diagnosis of CCPP can be divided into field and laboratory 
diagnosis. Because this devastating disease occurs in epidemics, it is essential that the diagnosis be achieved very 
quickly so that control measures such as treatment of the sick goats and vaccination of those at risk is carried out 
immediately. This project is aimed to resolve the problem by introducing a phenotypic unique immunogenic and 
safe tag into the current CCPP vaccine. By detecting the antibodies in the tag then one would conclude that animals 
have been vaccinated. This would help to confirm to the export market that the animals have been vaccinated and 
not incubating the disease. Preliminary results from the study showed that it is possible to tag the vaccine as well as 
develop the latex agglutination test. 

Introduction
Contagious caprine pleuropneumonia (CCPP) is a 
cause of major economic losses in goat production in 
at least 30 countries in Africa and Asia which have a 
total goat population of more than 300 million. Acute 
CCPP is caused by Mycoplasma capricolum subspecies 
capripneumoniae (Mccp) (MacOwan and Minette 1976) 
initially known as Mycoplasma F38. This mycoplasma 
was first isolated from the lungs of goats with 
pleuropneumonia in Kenya and demonstrated to cause 
CCPP (MacOwan and Minette 1976). Subsequently, 
Mccp was isolated in other countries including Chad, 
Ethiopia, India, Oman, Sudan, Tunisia, Turkey and 
Uganda. Pleuropneumonia disease indistinguishable 
from naturally occurring CCPP has been experimentally 
reproduced with Mccp by several research groups. The 
disease is characterised by fibrinous pleuropneumonia 
with increased straw-coloured pleural fluid. Morbidity 
and mortality rates may reach 100% and 80%, 
respectively. The disease is spread through close contact 
among the goats (MacOwan and Minette 1976).

The diagnosis of outbreaks of CCPP is complicated 
by other infectious agents causing similar syndromes. 
Diagnosis of CCPP can be divided into field and 
laboratory diagnosis. Because this devastating disease 
occurs in epidemics, it is essential that the diagnosis be 
achieved very quickly so that control measures such as 
treatment of the sick goats and vaccination of those at 
risk is carried out immediately (Rurangirwa et al., 1987). 

Therefore, proper field diagnosis is paramount. All the 
available serological tests are herd tests and are not 
conclusive and would not differentiate antibodies due to 
infection from those induced by vaccination. This project 
aimed to resolve the problem by introducing a phenotypic 
unique immunogenic and safe tag into the current CCPP 
vaccine. By detecting the antibodies in the tag then one 
would conclude that animals were vaccinated. This test 
could be used to confirm to the export market that the 
animals were vaccinated and not incubating the disease.  
Consequently, this would lead to increased sales and 
earn East African countries foreign exchange which in 
turn would uplift the livelihoods of their citizens and in 
particular vulnerable groups which include women and 
children.

Materials and methods
A baseline survey to identify the best tag was conducted 
for subsequent use in the preliminary immunizations. 
Two tags were identified to prepare rabbit anti-tag 
hyperimmune sera. Thereafter a latex agglutination test 
to detect and specifically identify antibodies due to the 
tags was developed. Rabbits were vaccinated with the 
different preparations to assess the optimal concentration 
of the tag for use in the vaccine. Latex beads coated with 
the tag were used to prepare the CCPP vaccine such 
that different batches had different tag concentrations. 
The rabbits were immunized with the different tag 
concentrations and bled after every seven days for serum 
preparation.
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Results
The rabbits which were immunized with the two tags 
were bled and their sera tested using the already prepared 
by coupling the latex beads with different amounts of 
the tags. It was realized that the best tag was that of 50 
microlitres of the tag and this was adopted for the rest of 
the rabbits screening process.

Table 1. Immunisation regime of rabbits with the selected  tags
Tag ul/ml final volume solution of saponin Saponin added (1000ul final volume) Sites for immunizes s/c
0      1000     4
50      950     4
100      900     4
150      850     4
200      800     4

Discussion
Current serological tests for CCPP in use though rapid 
do not differentiate antibodies due to disease causing 
organism the mycoplasma or those due to vaccination. 
Tagging of the vaccine and subsequent development 
of the rapid latex agglutination test to detect antibodies 
due to the tag would lead to correct diagnosis unlike 

the current tests which detect antibodies to mycoplama 
antigens either from the vaccine/disease outbreak.

These preliminary results show that the current CCPP if 
tagged with a suitable tag that is safe human consumption 
of the animal products. Rabbits immunised with the tag 
and the latex agglutination test developed showed that the 

Table 2. Determination of the optimal coupling volumes for the candidate tag
Tag added (ul) 2.5 %   LAT suspension beads(ul)  PBS/EDTA buffer(ul) Final volume 1ml
10    400    90   500
20    400    80   500
30    400    70   500
40    400    60   500
50    400    50   500

Table 3. Amount of tag incorporated in the vaccine
Tag in ul Vaccine total volume (1000)
0  1000
100  900
150  850
200  800
250  750

Table 4. Antibody screened with tag LAT Double positive signs indicate the high titres of the antibodies
   Day 0  Day 7  Day 14  Day 21  Day 28  Day 35
Rabbit 1(0 ul tag) 0  +  +  +  +  N/A
Rabbit 2(50ul)  0  +  +  +  +  N/A
Rabbit 3(100ul)  0  +  +  +  -  N/A
Rabbit 4(150ul)  0  ++  ++  ++  ++  N/A
Rabbit 5(200ul)  0  ++  ++  ++  ++  N/A

Table 5. Antibody detection for CCPP due to the vaccine for the same rabbits screened with tag LAT Double positive 
signs indicate the high titres of the antibodies
Tagged vaccine  Day 0  Day 7  Day 14  Day 21  Day 28  Day 35
Rabbit 1(0 ul tag) 0  ±  +  +  +  N/A
Rabbit 2 (50ul)  0  ±  +  +  +  N/A
Rabbit 3 (100ul) 0  +  +  +  +  N/A
Rabbit 4 (150ul) 0  ±  ++  ++  +  N/A
Rabbit 5 (200ul) 0  ±  +  +  +  N/A

WAMBUGU AND  SOI



�48

two antibodies can be accurately differentiated. In the 
next phase goats will be immunised since  the rabbit 
model has given satisfactory results. Saponin though 
an adjuvant was coupled to latex beads but showed no 
agglutination in all the samples. In conclusion it may be 
assumed that it is not immunogenic as it acts just as a 
carrier for the immunogens only. 
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Abstract 
In a wider study on bovine mastitis, a cross-sectional questionnaire survey was carried out in Kakamega and Kiambu 
counties of western and central Kenya respectively, to determine the category of veterinary practitioners involved in 
mastitis treatment, diagnostic methods used, the antibiotics used and their effectiveness. A total of 69 (24 in Kakamega 
and 45 in Kiambu County) questionnaires were administered to veterinary service providers. In Kakamega County 
(54% of service providers interviewed were government veterinarians, 42% private veterinary practitioners and 4% an 
Agrovet owner. With respect to the level of training 75% were holders of certificate in animal health and production, 
17% had a degree in veterinary medicine, 4% had degree in agriculture and 4% had secondary education. In Kiambu 
County majority of the service providers were private veterinarians  (78%), followed by government veterinarians 
(18%) and Agrovet owners  (4%) where 71% were holders of certificate in animal health and production, 27%) degree 
in veterinary medicine and  (2%) had certificate in animal production. Most of the service providers interviewed used 
clinical signs to diagnose bovine mastitis, where it was the only method used in Kakamega County while in Kiambu 
County it was used by 89% of the respondents.  Only 11% of the respondents used California Mastitis Test. Further, in 
Kakamega 92% of the respondents did not take samples for laboratory test while in Kiambu 44% did not take samples 
for laboratory testing. In both counties bovine mastitis was the most treated disease, followed by anaplasmosis 
and East Coast fever (ECF) among others. In Kakamega 91.7% of the respondents used penicillin-streptomycin 
combination to treat mastitis and 8.3% used tetracycline. In Kiambu County the antibiotics used were penicillin-
streptomycin combination (80%), cephalexine (7%), gentamycin (7%), ampicillin (2%), sulphonamides (2%) and 
tetracycline (2%).

Introduction
Bovine mastitis is the most common disease in Kenyan 
dairy herds (Odongo and Ambani, 1989) and is 
particularly a major problem in cattle kept in small-scale 
dairy farms (Omore, 1997). Antibiotics are most often 
recommended in clinical practice and by researchers 
as a therapy for mastitis (Honakanen-Buzalski, 1995; 
Hish and Zee, 1999). However, because of under-dosing 
of these drugs usually due to economic and residue 
avoidance, effective inhibitory concentrations are often 
not maintained (Ziv, 1980; Sol et al., 1997). The key 
variables affecting formulation of a mastitis treatment 
protocol are causative agent, drug selection and cow 
immune status (Ziv, 1980; Anderson, 1989). Since many 
farmers do not submit clinical specimens in low-income 
countries (Hart and Kariuki, 1998) the therapeutic 
regimens are unlikely to be adhered to, with possible 
implications such as development of drug resistance 
manifested as treatment failure. Treatment failure in 
mastitis is a result of indiscriminate use of antibiotics 
without prior in vitro antibiotic sensitivity testing. This 
practice increases economic losses to farmers due to 
costly medication as a result of repeat treatments and also 
results in development of resistance to antimicrobials. 
In addition, too short a duration of standard treatment 

is probably an important reason for poor cure rates in 
mastitis therapy. Longer treatment will improve cure rates 
and duration of treatment should be extended in mastitis 
caused by S. aureus and Streptococcus uberis (Oliver et 
al., 2004; Deluyker et al., 2005). Clinical mastitis should 
be treated for at least three days; this recommended 
treatment duration is longer than recommended on the 
label in many countries. 

Mastitis is the most common reason for the use of 
antimicrobials in dairy cows (Grave et al., 1999). 
Antimicrobials have been used to treat mastitis for 
more than 50 years, but consensus on the most efficient, 
safe and economical treatment is still lacking. A major 
obstacle in mastitis therapy is antibiotic resistance. 
Treatment of mastitis should be based on bacteriological 
diagnosis and national and international guidelines on 
prudent use of antimicrobials into account (Pyorala, 
2009). The cow mammary gland is a difficult target for 
antimicrobial treatment. Further, antimicrobial therapy of 
lactating cows results in residues in milk which should 
be avoided in mastitis treatment (Wagner and Erskine, 
2006). Systemic treatment is recommended in clinical 
mastitis due to Staphylococcus aureus and in severe 
cases of coliform mastitis, preferably in combination 
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with intramammary (IMM) treatment (Barkema et 
al., 2006). All mastitis treatments should be evidence-
based where efficacy of each antimicrobial product 
should be demonstrated by scientific studies (Pyorala, 
2009). The success of mastitis therapy is dependent on 
such factors as correct diagnosis, appropriateness of 
the route of administration, the drug selected, stage at 
which treatment is initiated, severity of udder pathology, 
supportive treatment, elimination of predisposing factors 
(de Preez, 2000) and other factors relating to mastitis 
causing organisms.

There are several formal and informal providers of 
veterinary services in Kenya. The formal service had by 
1994, more than 1,012 registered veterinarians (MOA, 
1998). Out of these 11% were in private practice, 
69% were government veterinarians and about 20% 
in teaching and research institutions as well as other 
industries (MoA, 1998). 

In Kenya, the quantities and types of antibiotics used in 
food animals are not well documented although Mitema 
et al. (2000) indicated that penicillin, cephalosporin, 
erythromycin and tetracycline were the main types 
imported into the country. In order to come up with 
recommendations for improving mastitis treatment 
and control a study was conducted to determine (1) the 
antibiotics commonly used for mastitis treatment in 
cattle in western and central parts of Kenya and (2) the 
experiences of animal health service providers during the 
course of treating mastitis.

Materials and methods
 A cross-sectional questionnaire survey   was conducted 
in Kakamega County in western Kenya and Kiambu 
County in central Kenya between November 2011 
and May 2012. A total of 69 questionnaires were 
administered to veterinary service providers. They 
included government veterinarians, private veterinary 
practitioners and animal health assistants. Twenty four 
questionnaires were administered to veterinary service 
providers in Kakamega County and 45 to service 
providers in Kiambu County. In Kakamega County all 
the service providers visited were interviewed since there 
were few. However, in Kiambu County the sampling 
strategy used was systematic random sampling where 
the questionnaire was administered to every third service 
provider using the sampling frame provided by the 
District veterinary officers of the four districts visited 
namely Githunguri, Gatungu North, Gatundu South 

and Thika. The information gathered included category 
and level of training of the service provider, diseases 
commonly treated, types of antibiotics used for treating 
bovine mastitis and their effectiveness, method of mastitis 
diagnosis used, laboratory results of milk samples taken, 
route of drug administration used and the cost of treating 
mastitis. 

Data management and analysis
The data were stored in excel data sheet. Percentages for 
category of veterinary service providers, their levels of 
trainings, types of antibiotics used and mastitis diagnostic 
methods used, among others were computed.

Results 
Kakamega County
The ages of the respondents from Kakamega County 
ranged between 26 and 55 years. In relation to gender 
there were more male (79%) respondents than females 
(21%). All the service providers interviewed were in 
large animal practice where (54%) were government 
veterinarians, followed in a descending order by private 
veterinary practitioners (42%) and Agrovet owners 
(4%). With respect to the level of training (75%) of 
the respondents in Kakamega County were holders of 
certificate in animal health and production, (17%), only 
one had a degree in veterinary medicine, and one had 
a form four certificate. The one with only secondary 
education was an Agrovet owner. The diseases commonly 
treated in the two counties during the study period were 
mastitis (34%), anaplasmosis (11%) and ECf (6%) as 
shown in Table 1.

In Kakamega County the antibiotics used for treating 
bovine mastitis were penicillin-streptomycin combination 
(91.7%) usually in the injectable form and tetracycline 
(8.3%). Sixteen out of twenty four (67%) of those 
interviewed in Kakamega County reported that treatment 
of mastitis was difficult while (33%) rated the success 
rate of mastitis treatment as good. In Kakamega County 
all the respondents reported that they had encountered 
mastitis resistance during the course of their veterinary 
practice. The respondents reported that the antibiotics 
associated with resistance were penicillin-streptomycin 
combination (58.3%), tetracycline (29.2%), Kanamycin 
(8.3%) and ampicillin (4.2%). The actions taken by 
service providers to overcome resistance included 
changing to a stronger antibiotic (70.8%), drying of 
the affected quarter(s) (12.5%), advising the farmer to 
cull the cow (4.2%), consulting other service providers 
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(4.2%), advising farmer to dry the cow (4.2%) and 
submitting milk samples for laboratory tests (4.2%). 
They also reported the following drugs to be effective:  
Terexine (21%), Gentamycin (17%), Sulphonamides 
(8%) and Kanamycin (4%). 

All the service providers interviewed used clinical signs 
to diagnose bovine mastitis. Further only (8%) of the 
respondents took samples for laboratory analysis. The 
rest (92%) did not take samples. Reasons given for not 
taking samples included laboratories being far (79%) and 
the service being expensive to the farmer (8%). For those 
who took samples for laboratory testing they reported 
that Escherichia coli and Streptococcus species were the 
bacteria isolated from the milk. They further reported 
tetracycline was the only antibiotic shown by laboratory 
tests to be resistant while the results showed that 
ampicillin and gentamycin were effective. In addition, 
only (25%) of the respondents notified the drug suppliers 
about the resistant antibiotics, Treating mastitis was rate 
expensive by 75% of the respondents, while  17% said it 
was very expensive and  8%  said the cost was average. 
The route of drug administration included parenteral in 
combination with intramammary (92%) while the rest 
used intramammary route only in Kakamega.

Kiambu County
The ages of the respondents from Kiambu County ranged 
between 21 and 52 years with more male (69%) than 
female (31%) respondents. All the service providers 
interviewed were in large animal practice with the 
majority being private veterinarians (78%), followed 
by government veterinarians (18%) and only two were 
Agrovet owners. Most  (71%) of the respondents were 
holders of certificate in animal health and production, 
27% had a degree in veterinary medicine and one had a 
certificate in animal production.

The antibiotics commonly used were penicillin-
streptomycin combination (80%) in injectable form, 
cephalexine (7%), gentamycin (7%) while ampicillin, 
sulphonamides and tetracycline had one response each. 
In addition, 40% of the respondents said that treatment 
of mastitis was difficult due to treatment failure. The 
success was rated good (31%) while 29% rated it as 
moderate. In addition, 82% reported having encountered 
mastitis resistance while the rest had not. The antibiotics 
that were associated with resistance in this County were: 
penicillin-streptomycin combination (40%), tetracycline 
(29%), gentamycin (4%) and one response each for 
Ampicillin Kanamycin, and Terexine. The action taken 
to overcome resistance included changing to a stronger 
antibiotic (44%), submitting milk samples for laboratory 
tests (20%), drying the affected quarter(s) (9%), advising 
farmers to dry affected cow (7%) and consulting other 
service providers (2%). The antibiotics that were reported 
to be effective against mastitis were Gentamycin (51%), 
Sulphonamides (16%), Kanamycin (9%), Cephalexine 
(4%), Terexine (4%) and Tylosin (2%).

To diagnose for mastitis 89% of the respondents 
used clinical signs and 11% used California mastitis 
test to make a diagnosis of mastitis. About half of 
the respondents (56%) took samples for laboratory 
analysis, while the rest did not. The reasons given for 
not taking samples included: laboratories were far 29%, 
expensive to the farmer (11%) and antibiotic therapy 
was adequate (2%). The main bacteria isolated from 
milk samples in Kiambu were Streptococcus species 
(20%), Staphylococcus species (18%), E. coli (11%), 
Klebsiela (4%) and Corynebacterium (2%). I was 
reported that laboratory tests results showed that these 
bacteria had developed resistance against Penicillin 
(11%), Tetracycline (11%) and Co-trimoxazole (2%). The 

Table 1. Livestock diseases commonly treated in Kakamega and Kiambu counties
Disease    Kakamega No. (%) Kiambu: No. (%) Total 
Mastitis    7 (29%)   27 (60%)  34
Anaplasmosis    6 (25%)   5 (11%)   11
ECf    4 (17%)   2 (4%)   6
Black quarter    3 (13%)   0   3
Trypanosomiasis  2 (%)   1 (2%)   3
Bovine ephemeral fever  1 (4%)   0   1
Pneumonia    1 (4%)   6 (13%)   7
Helminthiasis    0   2 (4%)   2
FMD    0   1 (2%)   1
Salmonellosis    0   1 (2%)   1
Total     24   45    69
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drugs shown to be effective from laboratory results were 
Gentamycin (31%), Ampicillin (4%), Kanamycin (4%), 
Sulphonamides (4%), Tetracycline (4%), Cephalexine 
(2%), Streptomycin 1/45 (2%) and Tylosin 1/45 (2%).
Only 22% of the respondents notified the drug suppliers 
of antibiotic resistance while the majority (78%) did not. 
Mastitis treatment was rated as very expensive by (73%), 
expensive (20%) and average (7%). Majority (96%) of 
the respondents in Kiambu County used both parenteral 
and intramammary routes of administering mastitis drugs 
while the rest used intramammary route only. 

Discussion
The results from this study showed that treatment of 
livestock diseases including mastitis in cattle is mainly 
carried out by veterinary surgeons and animal health 
paraprofessionals. Only a few untrained personnel carry 
out mastitis treatment. This is in agreement with the 
observation that there are several formal and informal 
suppliers of veterinary services in Kenya (MOA, 1998). 
In both Kakamega and Kiambu counties, majority of the 
veterinary service providers were the para-veterinarians 
holding certificate in animal health and production 
followed by veterinary surgeons who hold a degree in 
veterinary medicine. The high number of animal health 
assistants may be attributed to the high number certificate 
holders who graduate every year from animal health 
and industrial training institutes (AHITI) as compared 
to the comparably small number of veterinary surgeons 
graduating from the Universities. Further, one graduate in 
agriculture and another Kenya Certificate of Secondary 
Education (KCSE) holder found selling mastitis 
intramammary tubes were Agrovet owners.

The study also found that the highest percentage of 
veterinary service providers offering mastitis treatment 
services in Kakamega County were government 
veterinarians while in Kiambu County majority of them 
were in private veterinary practice. This was due to the 
fact that private veterinary service providers usually 
operate in high dairy potential areas of Kenya where 
exotic dairy breeds of cattle are kept and farmers are able 
to pay for their services. This is why private veterinary 
service practice is concentrated in central Kenya. The 
results of the study also showed that all the service 
providers in Kakamega County relied only on clinical 
signs when in mastitis diagnosis.  In Kiambu County, 
only 11% of the service providers used CMT for mastitis 
diagnosis. In Kenya, use of CMT in mastitis diagnosis 
for purposes of treatment and research is documented 

(Ondiek et al., 2013; Shitandi et al., 2004). However, its 
level of adoption by veterinary service providers and its 
frequency of use have not been determined and thus the 
need for further research. The high reliance on clinical 
signs for mastitis diagnosis also demonstrated the need to 
come up with other user friendly and cheaper cow-side 
mastitis diagnostic tests in Kenya. In addition, most of 
the service providers in the two counties did not submit 
samples for laboratory diagnosis of mastitis neither was 
antibiotic sensitivity tests carried out before starting 
mastitis therapy. This resulted in indiscriminate use of 
antibiotics without prior in vitro antibiotic sensitivity 
testing. In order to overcome this challenge more 
veterinary diagnostic laboratories should be built in the 
country in each of the 47 counties.

A significant number of service providers in Kiambu 
were submitting samples for laboratory diagnosis of 
mastitis while those doing the same in Kakamega County 
were few. The bacteria reported to be isolated from milk 
samples in Kiambu were Streptococcus species (20%), 
Staphylococcus species (18%) and Escherichia coli 
(11%). This is consistent with the findings by Gitau et 
al. (2011) who reported that the most common microbial 
isolates from milk samples in Kabete area within 
Kiambu County were Streptococcus species (20.6%), 
Staphylococcus species (20.1%) and Escherichia coli 
(16.8%).

In both counties the findings of this study indicated 
that mastitis was the most commonly treated disease 
in cattle among other diseases like anaplasmosis and 
ECF. This was similar to the findings of the study 
by Odongo and Ambani (1989), which showed that 
bovine mastitis was the most common disease in 
Kenyan dairy herds. Majority of service providers in 
Kakamega County reported that they used Penicillin-
Streptomycin combination to treat mastitis in cattle and 
a few used Tetracycline. In Kiambu County there was 
a wider range of antibiotics used by service providers 
for mastitis therapy where majority used Penicillin-
Streptomycin, followed by Cephalexine, Gentamycin, 
Ampicillin, Sulphonamides and Tetracycline. Most 
of the respondents, in both counties, used both 
parenteral (systemic) and intramammary routes of 
administering mastitis drugs. This is in agreement 
with the recommendation that clinical mastitis due to 
Staphylococcus aureus and in severe cases of coliform 
mastitis should receive systemic treatment preferably in 
combination with intramammary treatment (Barkema et 
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al., 2006). This is probably why only a small percentage 
of animal health service providers interviewed reported 
using intramammary route only. 

Conclusions and recommendations 
Bovine mastitis is the most commonly treated livestock 
disease by veterinary service providers in Kakamega and 
Kiambu counties of Kenya.
Majority of veterinary service providers in the two 
counties relied on clinical signs for diagnosis of mastitis 
in cattle with only a few in Kiambu County using 
California Mastitis Test. The high reliance on clinical 
signs for mastitis diagnosis demonstrated the need to 
come up with other user friendly, cheaper and preferably 
pen-side mastitis diagnostic tests in Kenya as well as 
promotion of the existing ones. 
Due to the low rate of service providers carrying out 
bacterial culture and antibiotic sensitivity tests before 
commencement of mastitis therapy demonstrated by 
this study, it is recommended that satellite veterinary 
investigation laboratories be established in every county 
and be offered as a service by County Governments. 
Established of private veterinary laboratories should also 
be encouraged. 
Antibiotics commonly used by animal health service 
providers in the two counties for treatment of mastitis 
in cattle were Penicillin-Streptomycin combination, 
Tetracycline, Cephalexine, Gentamycin, Ampicillin and 
Sulphonamides.
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Abstract 
A cross-sectional questionnaire survey was conducted to determine the risk factors of Foot and mouth disease (FMD) 
in eastern Kenya. Questionnaires were administered to animal health service providers and livestock farmers. A 
total of 91 animal health service providers and 106 livestock farmers were interviewed. Livestock farmers ranked 
diseases as their greatest constraint followed by unavailability of feeds and high cost of inputs. Out of the 91 service 
providers interviewed, 85 (93%) reported East Coast fever as the most commonly treated disease followed by 
Anaplasmosis (90%), mastitis (81%), pneumonia (80%) and FMD (34%).  Eighty six of the 91 (95%) animal health 
service providers had handled cases of FMD and 95% of the farmers had encountered FMD in their farms. All the 
farmers who had experience with the disease reported that it affected cattle while 11%, 8% and 1% reported that 
it also affected goats, sheep and pigs respectively. Farmers in Marima area (Tharaka –Nithi County) reported that 
FMD is more severe among the adults of exotic cattle breeds than in young ones. In addition, 41% reported that the 
disease outbreaks lead to mortalities.   The clinical manifestation described by farmers was hyper-salivation (81%), 
mouth and feet lacerations 82/101 (81%), in appetence (71%), lameness (39%) and recumbence (5%). This was 
similar to observations by the animal health service providers with the only sign being a rise in temperature. The 
following events were reported by animal health service providers and farmers to have preceded the FMD outbreaks 
in order of importance; animal movements, animal congregations, search of feeds from different areas and human/
vehicular mechanical transmission. The suggested measures of FMD control were; improved disease surveillance, 
controlled animal movements, timely and regular vaccinations, public education, involvement of all stakeholders and 
strengthening capacity of the Ministry of livestock staff to deal with the challenges of the sector. The study showed 
that FMD remains a major constraint to livestock keeping in eastern Kenya and thus the need for control measures.  

The 1st EAAPP Mini-conference and open day. KARI-Naivasha. 12-15 November 2013

Introduction
Foot-and-mouth disease (FMD) is a severe, highly 
contagious viral disease of cattle and swine. It also affects 
sheep, goats, and other cloven-hooved ruminants. There 
are seven serotypes of FMD virus, namely, O, A, C, 
Sat1, Sat2, Sat3, and Asia1. In Kenya, there are only five 
circulating serotypes namely, O, A, C, Sata1 and Sat2. 
Infection with one serotype does not confer immunity 
against the other. The FMD cannot be differentiated 
clinically from other vesicular diseases including, Swine 
vesicular disease, Vesicular stomatitis, and Vesicular 
exanthema. Laboratory diagnosis of any suspected FMD 
case is therefore a matter of urgency (OIE Manual, 2000).  
The FMD is not recognized as a zoonotic disease. 
The disease is characterized by fever and blister-like 
lesions followed by erosions on the tongue and lips, in 
the mouth, on the teats, and between the hooves. Most 
affected animals recover, but the disease leaves them 
debilitated. It causes severe losses in the production of 
meat and milk. Due to the erosions in the mouth, animals 
are unable to feed leading to loss of body condition with 
an eventual drastic decrease in milk production. Even 
in those animals that are in production, the erosions 

on the teats render the milking process difficult to 
impossible thus reducing the milk yield further. This has 
a consequence of predisposing the animals to mastitis 
and loss of performance to eventual death of young 
nursing calves or kids. Affected animals have a prolonged 
convalescent period. These factors contribute to a reduced 
livelihood of livestock keepers in affected areas and the 
whole livestock and livestock products value chain is 
affected.  

The Meru and Tharaka-Nithi counties have experienced 
bouts of FMD outbreaks in the recent past. In this study, 
a situational analysis was carried out to establish the 
current status of the disease in Meru and Tharaka-Nithi 
counties. The aim of this study was to document the foot 
and mouth disease description by farmers and animal 
health service providers.  The study also intended find 
out the risk factors contributing to foot and mouth disease 
outbreaks in Meru and Tharaka-Nithi counties of eastern 
Kenya. 

Materials and methods
Study site 
The study was carried out in eastern Kenya. Eastern 
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Kenya borders Mount Kenya to the East and South 
lying between agro-ecological zones II to IV. It is a high 
potential dairying area with most of the animals being 
exotic dairy breeds. The main farm enterprises in the 
region are coffee, tea and dairy farming. Dairy being the 
second most important activity due to the recent milk 
price increases, land fragmentation and drop in coffee 
prices. The systems of dairy production are mainly zero 
and semi-zero grazing where in nearly all cases feeds 
(hay and fodder) are brought in from the neighbouring 
drier pastoral areas of Tharaka and Isiolo. (Jaetzold et al., 
2006). 

Study design and sampling strategy
A cross-sectional questionnaire survey. Two sets of 
questionnaires were administered; one to livestock 
farmers and the other to animal health service providers. 
The sample size was 50 as determined by the formula 
by Goodchild et al., 1994. A total of 91 questionnaires 
were administered to all available animal health service 
providers in the two counties, who included assistant 
health service providers, government veterinarians and 
private veterinary practitioners. Further, a total of 106 
questionnaires were administered to livestock farmers. 
Farmers’ questionnaires were administered purposely 
depending on the farmers’ past encounter with Foot and 
Mouth Disease. 

Statistical data analysis
The questionnaire data was stored in Microsoft Excel 
2007 (Windows XP). Descriptive statistics of the 
questionnaire data was performed using the same 
programme. 

Results 
The number of male livestock keepers to which the 
questionnaire was administered was 67/106 (63%) and 
39/106 (37%) to female livestock keepers. The livestock 
keepers were aged between 23 and 80 years. All the 
livestock keepers interviewed reared cattle, followed 
by poultry 93/106 (88%), goats 58/106 (55%), sheep 
40/106 (38%), rabbits 11/106 (10%), pigs 8/106 (8%) and 
donkeys 7/106 (7%). Zero grazing was the most practiced 
57/106(54%) mode of animal grazing, followed by free-
range 26/106 (25%), semi-zero grazing 22/106 (21%) 
and rotational grazing 1/106 (1%). The most important 
challenge reported by the interviewed livestock keepers 
was livestock diseases 101/106(95%) followed by 
unavailability of feeds 57/106 (54%), high cost of inputs 
21/106 (20%), lack of market 12/106 (11%), scarcity 

of water 11/106 (10%), poor milk prices 10/106 (9%), 
unavailability of veterinary services 9/106 (8%), drought 
7/106 (7%), rustling and conflict over resources 9/106 
(8%), inability to access credit facilities 4/106 (4%), 
low quality of feeds 3/106 (3%), poverty 3/106 (3%), 
changes in climate 2/106 (2%) and land fragmentation 
1/106 (1%). Foot and Mouth Disease was ranked as the 
commonest 86/106 (81%) reported livestock disease 
followed by anaplasmosis 70/106 (66%) and East 
coast fever 66/106 (62%), pneumonia 47/106 (44%), 
mastitis 37/106 (35%), helminthosis 29/106 (27%), 
trypanosomiasis 21/106 (20%), lumpy skin disease 6/106 
(6%), anthrax 3/106 (3%) and contagious bovine pleuro-
pneumonia 3/106 (3%). Further, 101/106 (95%) of the 
responding farmers had encountered FMD in their farms 
between 2007 and 2012. 

All the farmers who had an encounter of FMD in their 
farms reported that it affected cattle while 11/101 (11%), 
8/101(8%) and 1/101 (1%) of the respondents indicated 
that it also affected goats, sheep and pigs respectively. In 
addition, 54/106 (51%) of the respondents reported that 
the disease was more severe in exotic breeds of cattle 
followed by cross-breeds 23/106 (22%) and indigenous 
14/106 (13%). The highest proportion of respondents 
reported that a higher number of adult cattle 39/106 
(37%) were affected FMD followed by calves 32/106 
(30%) and young stock 29/106 (27%). 

In those farms that the disease was reported to have 
occurred, 25/106 (25%) of the respondents reported death 
of their livestock. In farms where death was reported 
14/25 (56%) reported that it occurred in adult cattle, 
12/25 (48%) in calves and 8/25 (32%) in yearlings. 
The risk factors that farmers attributed to the occurrence 
of FMD in the study area were; non-presentation of 
livestock for vaccination (22%), animal movements 
41/106 (39%), animal congregations at watering points 
37/106 (35%), human mechanical transmission 24/106 
(23%), search of feeds from different areas 8/106 (8%), 
inappropriate mode of disposing animals dying of foot 
and mouth disease 35% (feeding to dogs and human 
consumption), winds 15/106 (14%), and meat products 
1/106 (1%). Further, 61/106 (58%) of responding 
livestock keepers reported that their livestock interacted 
with wild animals while 39/106 (37%) reported no 
wildlife –livestock interaction. This suggests a positive 
contribution in prevalence of FMD due to the wildlife- 
livestock interaction. Only 22/106 (21%) had instituted 
measures to prevent wild animals from gaining entry 
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into their farms while 76/106 (72%) had no measures 
put in place. The wild animals interacting with livestock 
included wild dogs 31/106 (29%), wild carnivorous birds 
52/106 (49%), monkeys 10/106 (9%), buffaloes 8/106 
(8%), hyenas 6/106 (6%), elephants 5/106 (5%), zebras 
4/106 (4%), wild pigs 3/106 (3%) and antelopes 3/106 
(3%).

Among the farmers interviewed 68/106 (64%) of them 
reported that FMD occurred during the dry season, 20% 
in wet season and 8% no particular season.   
Ages of service providers ranged between 22 to 62 
years. Among the service providers interviewed 27% 
were females and 73% were males. Majority of them 
were animal health assistants (81%), followed by those 
with bachelor’s degree in veterinary medicine (13%), 
diploma in animal health (3%) and Masters’ degree (2%). 
Further among the service providers interviewed 75% 
were private animal health service providers while 25% 
were government animal health service providers. All 
the service providers interviewed were in large animal 
practice with 95% having handled FMD cases. 
Service providers reported foot and mouth disease to 
mostly affect cattle (75%), followed by goats (11%), 
pigs (8%) and sheep (4%).  In cattle, service providers 
reported that FMD mainly affected adults (54%), 
common in all ages (35%), and equally affecting both 
calves and yearling (3%).
Mortality in cattle was reported by 47% of the service 
providers.

The clinical signs of FMD given by service providers 
were salivation (78%), foot and mouth lesions (67%), 
anorexia (42%), fever (37%), limping (29%), mouth 
lesions only (24%), lesions in the udder (7%), reduced 
milk production (6%), emaciation (6%), foot lesions only 
(4%),  recumbence (3%), diarrhoea (1%), constipation 
(1%) and tongue protrusion (1%), in a descending order. 
Only 24% of the service providers took and submitted 
samples for laboratory diagnosis of the disease. The 
types of samples taken were oral scrapings and vesicle 
fluids (14%), saliva swabs (8%), blood (4%), oral swabs 
(4%), blister fluid (2), leg scabs (1%) and Lymph node 
aspirates (1%) in a descending order. The methods and 
materials used in packing these samples were glycerol in 
phosphate buffered saline (PBS) in cool box (11%), in 
sample bottles without PBS in cool box(2%), in sample 
tubes in cool box (2%), in vacutainers using cool box 
(1%),  sample bottles without PBS and no cool box (4%), 
sample bottles with PBS and no cool box (1%), Formalin 

in container (1%) and vials without PBS in cool box 
(1%). Out of the 22 service providers who submitted 
samples for FMD analysis 18 got the laboratory results. 
The results given showed that 33%were SAT 1, or 
serotype O, 22% were FMD positive but serotype not 
specified, 6% were (serotype A, O and SAT 1, or serotype 
O and SAT 1, or SAT 1, 2 and O, or SAT 1, 2 and 3 or 
were serotype C). 

Twenty five per cent of the service providers reported that 
the outbreaks in 2011 were different from the previous 
ones encountered. The differences mentioned included 
severe lesions (39%), mortalities (30%), high morbidity 
(17%), more acute (9%), affected a larger number of 
animals in the area (9%), affected all ages of animals 
(4.3%) and persisted after rains (4.3%).

The risk factors reported by service providers were; 
animal movement (68%), human formites (16.5%), 
fodder obtained from other areas (4%), livestock-wild life 
interaction (2%), vehicle formites (2%), heavy rains (1%) 
and blanket vaccination without prior serotyping (1%). 
Service providers reported that farmers respond to FMD 
outbreak by reporting to animal health service providers 
33%, applied magadi soda onto the lesions 23%, self-
treated with antibiotics 18%, reported to government 
animal health service providers 15%, applied honey 
onto the lesions 10%, applied soda ash onto the lesions 
10%, carried out herbal treatment 5%, applied common 
table salt 4/91, applied alcohol 2%, applied copper 
sulphate 2%, applied sheep fat 1%, applied tomatoes 
1%, isolation of the sick animal 1%, used antiseptics 2%. 
The service providers responded to the disease outbreaks 
by; reporting to the veterinary department (53), treated 
with antibiotics (30), conducted farmer education (15), 
applied soda lime (9), collected samples (8), carried out 
vaccinations (7), imposed quarantine (4), use of hydrogen 
peroxide together with antibiotic sprays (2) and use of 
antiseptics (1). 

The service providers reported the following control 
measures to have been taken to contain the outbreaks; 
vaccination (81), imposing quarantine (65), farmer 
education (10) and active disease surveillance (9). 
Out of the 91 respondents 64 (70%) reported that the 
control measures instituted were effective while 20/91 
(22%) reported that the measures were not effective. 
Among those who reported that the measures were 
not effective, the reasons they gave included; delay in 
vaccination (8), low vaccination coverage (7), poor 
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enforcement of quarantine measures (9), transhumance 
(3), poor vaccine handling and delivery (2), appearance 
of new virus genotype(s)(1), inadequate allocation of 
resources to veterinary department (1), poor publicity 
of vaccination campaigns (1). The service providers 
proposed the following as the most effective FMD 
control measures; timely and regular vaccinations (49), 
properly instituted quarantine measures (35), increasing 
awareness of the disease to farmers and animal health 
service providers (31), improved disease surveillance 
(19), make vaccinations compulsory and free (14),  
availability of vaccines (6), increased resource allocation 
to the veterinary department (4), involvement of all 
stakeholders in disease control (3) and developing a 
policy on culling, slaughter and compensation of affected 
animals (3).

Discussion
The finding of this study that Foot and Mouth Disease 
and other diseases are a major constraint to livestock 
production in eastern Kenya is similar to the finding 
reported by Ithinji (2011) in Marakwet, Northern Rift-
Valley of Kenya. These results showed that all farmers 
reared cattle, followed by poultry and goats which agree 
with findings by Kagira and Kanyari (2010) from a study 
carried out in Kisumu municipality of Western Kenya. 
Further, the major production constraints reported in this 
study are similar to those reported by farmers in Kisumu 
municipality in a study carried out by Kagira and Kanyari 
(2010) which included diseases (100%) and lack of 
feed (56%). In this study, farmers identified FMD as the 
commonest disease affecting their livestock. Cattle were 
the most affected species by FMD followed by goats, 
sheep and pigs. The results also showed that FMD caused 
deaths in adult cattle unlike other studies where death is 
common in the young ones. The findings of this study 
show that FMD occurred mostly during the dry season. 
It also revealed FMD risk factors in eastern Kenya 
include animal movements (39%), animal congregations 
at markets and watering points (35%) and wind (14%).  
Fifty eight percent (58%) of the livestock keepers 
reported that wildlife-livestock interaction was common. 
This suggests a positive contribution in prevalence of 

FMD due to the wildlife- livestock interaction. 

Conclusions
•  Foot and Mouth Disease is a major constraint to cattle 
production in eastern Kenya.
•  Cattle are the most affected livestock species by FMD 
while small-stock and pigs are least affected. 
•  Risk factors contributing to FMD outbreaks in eastern 
Kenya were animal movements, animal congregations at 
markets and watering points and wind.    
•  Livestock in the region interact with wildlife 
and further studies are required to determine their 
contribution to FMD prevalence in livestock. 
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Abstract
Eastern Africa climate is favourable for growth of mycotoxins causing moulds and the threat of mycotoxin poisoning 
of both human and livestock is a major concern. This threat is made even more significant by the fact that, staple 
diets in most households in the region are based on agricultural products that are highly susceptible to mycotoxin 
contamination. This is supported by the numerous reports on frequent occurrence of aflatoxin related human 
and livestock mortality and morbidities in the region. A study was therefore carried out to assess the capacity of 
laboratories in Kenya, Ethiopia and Tanzania to handle the analysis of hazard related samples. This was done as a 
step towards enhancement of adoption of appropriate feed and milk safety standards to improve livestock dependent 
livelihoods. The results indicates that Ethiopia lacks the capacity to analyse  the mycotoxin  and micro-organisms 
contaminated samples while in Tanzania out  of the 11 laboratories assessed, 81.8% had capacity to determine 
hazardous  samples. Out of seven laboratories with capacity to determine micro-organisms, 42.9% can determine all 
five micro-organisms listed as hazardous (Escherichia coli, Salmonella, Compylobacter spp., S. enterica and Listeria 
monocytogenes). About 33% of the laboratories in Tanzania can carry out proximate analysis. Cost of analysis per 
sample differed among the laboratories depending on the type. In Kenya the results have not been finalised but the 
indication is that the region has the capacity to analyse hazardous feed and milk samples and regional collaboration is 
needed to accommodate countries lacking capacity to do the analysis. 

Introduction
Unhygienic production and handling practices of feed 
and milk are among the major problems contributing 
to low quality standards of feed and milk in the eastern 
Africa region. Many of the dairy herds in the region 
are therefore exposed to a wide range of feed related 
hazards (Mycotoxins, heavy metals, radionuclides, plant 
toxins, chemical/drug residues and microbial pathogens). 
Though risks or hazards are of physical, chemical or 
microbiological origin, the latter, particularly bacteria, 
are the major cause accounting for about 90% of all 
food-borne health complications in general and milk and 
milk products in particular thus reducing competitiveness 
of the regional dairy sector. Available reports, from 
Ethiopia for instance, indicated that hygienic practices 
during production, processing and handling of milk and 
milk products in the central Ethiopian highlands are 
substandard (Yilma and Faye, 2006). Accordingly, the 
bacterial qualities of smallholder milk and milk products 
were reported to be poor (Yilma and Faye, 2006) as 
compared to international standards.

Mycotoxins are common contaminants in animal feeds, 
causing great economic loss in livestock and aquaculture 
industries (Sharlin et al., 1981; Hafez et al., 1982; 
Jantrarotai and Lovel, 1990).  Mycotoxins contamination 
is more serious in the tropics where high humidity and 
warm temperature create ideal conditions for rapid fungal 
growth. Aflatoxin is one of the most widely occurring and 

dangerous mycotoxins (CAST, 1989). It is produced by 
the fungi Aspergillus flavus and Aspergillus parasiticus. 
Four aflatoxins (B1, B2, G1 and G2) are the most 
prevalent. B1 is the most toxic, carcinogenic, hepatotoxic 
and potentially mutagenic (Stoloff, 1980). Aflatoxins 
and other mycotoxins are toxic to animals and humans. 
Exposure is through consumption of contaminated foods 
(Nelson, et al., 1993). 

The occurrence and magnitude of any mycotoxin 
contamination varies with geographical and seasonal 
factors and also with the conditions under which a food 
or feed crop is grown, harvested, and stored. Crops 
in tropical and subtropical areas are more subject to 
contamination than those in temperate regions, since the 
high humidity and temperature in these areas provide 
optimal conditions for toxin formation. Eastern Africa 
countries lie within the tropical environment with climate 
favourable for growth of mycotoxins causing moulds and 
the threat of mycotoxin poisoning in both human and 
livestock is a major concern. In view of these factors a 
study on assessment of laboratories capacity to analyse 
hazardous feed and milk samples was conducted. This 
was done as a step towards enhancing adoption of 
appropriate feed and milk safety standards for improved 
livestock dependent livelihoods.

Materials and methods
A checklist was prepared jointly (Kenya, Ethiopia and 
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Tanzania research teams) to guide discussions with 
technicians in the respective laboratories. Laboratory 
capacity included types of equipment available to handle 
hazardous agents such mycotoxins, micro-organisms, 
minerals and proximate elements (Table 3). The research 
team in the respective countries visited the earmarked 
laboratories and interviewed the technicians. In Tanzania, 
11 academic, research institutions and government 
chemist laboratories were included in the survey (Table 
1). The statistical package for social science (SPSS) was 
used for data analysis 

Results and discussion
Eleven laboratories (7 in Dar-es-Salaam, 3 in Morogoro, 
1 in Dodoma) were assessed, 81.8% were found to have 
capacities to analyse hazard related samples (Table 2).
Out of seven laboratories with capacity to determine 

Table 1. List of Laboratories surveyed in Tanzania 
S/N. Laboratory name        Location
1. Central Veterinary Laboratory (CVL)      Temeke, Dar es salaam
2. Chief Government Chemist (CGC)      Kivukoni area, Dar es   
           salaam
3. Tanzania Food and Nutrition Centre (TFNC)     Ocean Road, Dar es Salaam
4. National Health Laboratories Quality Assurance Training Centre (NHLQATC) NIMR Building, Shaaban  
           Robert area, Dar es salaam
5. Muhimbili National Hospital (MNH)      Muhimbili, Dar es salaam
6. Southern and Eastern Africa Mineral Centre (SEAMIC)    Kunduchi area in Dar es  
           salaam
7. Molecular Biology and Biotechnology(UDSM)     University of Dar es Salaam
8. Veterinary Microbiology Laboratory(SUA-VET)     Sokoine University of   
                          Agriculture (SUA)- Morogoro
9. Food Science Laboratory(SUA FST)      SUA-Morogoro
10. Animal Science Laboratory(SUA-DASP)     SUA-Morogoro
11. Tanzania Livestock Research Institute (TALIRI)     Mpwapwa, Dodoma

Table 2. Percent of laboratories with capacity to determine various hazardous elements
Type of analysis   Laboratories (%) with capacity to analyse hazardous samples
Mycotoxins     9
Micro-organisms    63.6
Minerals     18.2
Proximate elements    36.4

samples only that most of the laboratories do the analysis 
upon receiving the order from the clients. Ethiopia had 
no capacity to analyse mycotoxins and micro-organisms 
while Kenya has not finalised analysis of the results but 
there exists Government chemist, National Agricultural 
Research Laboratories, Egerton chemistry laboratory and 
Kenya Bureau of standards that can handle the analyses.

The cost of analysis per sample differed among the 
laboratories and averaged USD 30; 15- 25; 15, 32; 
10-19; for mycotoxins, micro-organisms, minerals and 
proximate elements (Table 4)

Conclusions and recommendations
Eastern Africa countries have the capacity to determine 
hazardous agents in feeds, milk and milk products. 
Regional collaboration is needed to accommodate 

micro-organisms, 42.9% can determine all five micro-
organisms listed as hazardous i.e. Escherichia coli, 
Salmonella, Compylobacter spp, S. enterica and Listeria 
monocytogenes (Table 3).The type of hazardous minerals 
that can be analysed included mercury, lead and copper. 
The technicians are qualified to handle the hazardous 

countries lacking capacity to do the analysis. The study 
in Kenya needs to be finalised to underscore the number 
and capacity of laboratories to handle the hazardous 
agents in feeds and milk. One of the objectives of the 
on-going EAAPP is to enhance technology transfer 
across the borders and capacity building using centres 
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Table 3. Laboratories capacities to determine hazard related samples and proximate analysis in Tanzania 
Factor/element CVL  CGC  TFNC NHL-

QATC  
MNH  SEA-

MIC  
UD-
SM  

SUA-
VET  

SUA-
FST  

SUA-
DASP  

TALIRI-
MPWAP
WA 

Mycotoxins 
Aflatoxin B1            
Aflatoxin B2            
Aflatoxin G1            
Aflatoxin G2            
Aflatoxin M1            
Ochratoxin A            
T-2 toxin            
Diaceptoxyscripenol            
Deoxynivalenol (DON)            
HT-2 toxin            
Zearalenone            
Fumonisin            
Patulin            
Micro-organisms 
E. Coli            
Salmonella            
Campylobacter spp            
S. enterica            
Listeria 
monocytogenes 

           

Minerals 
Mercury            
Lead            
Copper            
Proximate elements 
Crude protein            
NDF            
ADF            
EE            
ADL            
Energy (MJ)            

Table 4. Cost of analysis per sample (USD) 
Factor/ 
element 

CVL CGC NHL-
QATC  

MN-Hl SEA-
MIC  

UD-
SM  

SUA 
VET  

SUA 
FST  

SUA 
DASP 

TALIRI-
MPWAPWA 

Mycotoxins - 30 - - - - - - -  
Micro-organisms 38 50 44 16 - 38 44 44 -  
Minerals - 24 - - 25 - - - -  
Proximate/ 
elements 

10 30 - - - - - - 4 7 

 
of Excellencies will ultimately improve the laboratory 
capacities and collaboration.
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Abstract
Mastitis is an inflammation of the mammary gland and is a major endemic disease of dairy cattle. The study was 
conducted to determine the prevalence of clinical and sub clinical mastitis and to identify the risk factor associated 
with mastitis in Tigray, northern Ethiopia. The overall prevalence of clinical mastitis was 64 (19.5%) out of 382 
cows randomly selected from 82 small holder dairy farms of urban and peri urban Tigray. From 264 tested lactating 
cows for mastitis, 101 (30.8%) were positive for sub clinical mastitis test. From the clinical mastitis positive cows, 
42 (65.61%) were from urban and 22 (34.38%) were from peri urban. Age and parity consideration as a risk factor 
for mastitis revealed that, 10 (15.6%) cows with an age range from 5-7 years were positive for clinical mastitis while 
those ranges from 8-10 years were 16 (23.43%) and cows with an age of more than 10 years 38 (59.43%) were 
positive for mastitis. There was a strong correlation (0.946) between age and cow with positive clinical mastitis which 
means that, as age increases the incidence of mastitis increases. Parity which is correlated with age also had a high 
correlatation (0.949) with mastitis meaning as parity increases the occurrence of mastitis increases. An observational 
study done in 60 small holder dairy farms revealed that, the overall housing management of dairy cows was low 
in comparison with the ideal dairy housing. About 45% of dairy cows lived in muddy houses without adequate 
ventilation (21%).  Considering the possible significant economic losses that could be incurred by both clinical and 
subclinical mastitis there is need for further studies on mastitis. 

Introduction
Ethiopia has the largest livestock population in African. 
Furthermore, cows represent the largest population of 
cattle production in Ethiopia (CS., 2009). Milk produced 
from these animals provides an important dietary source 
for the majority of rural as well as considerable number 
of the urban and peri-urban population. However; 
milk production often does not satisfy the country’s 
requirement. According to FAO (2003) the total annual 
national milk production in Ethiopia ranges from 797, 
900 to 1,197,500 metric tons raw milk equivalents. Out 
of the total national milk production, between 85 and 89 
% is from cattle. However, this amount is by far below 
the national demand for milk and milk products, given 
the considerable potential for smallholder income and 
employment generation from high value dairy products 
(Biffa et al., 2005). Cows in milk represent 55.5% of the 
total cattle population in private holdings (Abera et al., 
2010). However, compared to other countries in Africa, 
Ethiopia consumes less dairy cattle products. The per 
capital consumption of milk in Ethiopia is as low as 17 
kg per head while the average figure for Africa is 26 kg 
per head. Dairy has considerable potential for income 
generation and employment creation and development of 
the dairy sector in Ethiopia can contribute significantly 
to poverty alleviation and nutrition (Handera et al., 2005).
Milk which is a very nutritious food provides an 
important dietary source for the majority of rural as well 
as a considerable number of the urban and peri-urban 

population (Mekonen et al., 2005). However, inadequate 
production and quality deterioration poses a health risk 
to consumers due to the presence of zoonotic pathogens 
and antimicrobial drug residues. The quality of milk may 
be lowered by a number of factors such as adulteration, 
contamination during and after milking and the presence 
of udder infections. Pathogenic organisms in milk can be 
derived from the cow itself, the human hand and utensils 
or the environment (Quinn et al., 1994). Mastitis is one of 
the most complex diseases of dairy cows that involves an 
interplay between management practices and infectious 
agents, having various causes and degrees of intensity 
(NCCLS, 1997).

In Ethiopia, especially in the northern part (Tigray) 
the disease is not well studied. Information relating to 
mastitis prevalence, distribution, negative effect on milk 
quality and risk factors to consumers are very limited. 
Such information is important to consider for prevention 
and control measures in different production system in 
the country. Determining the prevalence and risk factors 
for mastitis and its negative effects on milk production 
will help to optimize prevention and control options of 
the disease. 

Materials and methods
Study area
The study area is located in northern Ethiopia, Tigray 
region around 800 km far from Addis Ababa, the capital 
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city of the country. The region lies between 12o15’N and 
14o57’N and longitude 36o27’E and 39o59’E and the land 
area is 53,000 km2 (Solomon, 2005). It has 34 districts 
or weredas from which five weredas were selected for 
the study (four in peri urban and one in urban). The 
study weredas were in Mekelle milk shed area where the 
capital city of Tigray region is located and the peri urban 
weredas were within 45 km radius of the city namely of 
Wikro (Kilte Awilaelo), Adigudem (Hintalo Wejerat), 
Hagere Selam (DeguaTembien), Quha (Enderta). All 
weredas were located within a 45 km of the milk shed 
area (Fig. 1).

Clinical examination
Cows were examined clinically for any abnormalities 
of the udder, quarters and secretion level. Through 
visualization and palpation, visible abnormalities, 
symmetry of teats, size of teats, consistency of the udder, 
presence of lesions, response to touch (pain), swelling, 
redness and temperature of the udder were considered 
in the examination of clinical mastitis. To check for sub 
clinical mastitis, milk from each quarter was taken using 
a strip cup and examined for any change in color, odor 
and consistency. 

 

Fig. 1. The study area Fig. 1. The study area

Study animals
The study animals were lactating cows that had been 
randomly selected for testing clinical mastitis through 
inspection followed by palpation and sub clinical mastitis 
using California Mastitis test (CMT) method. The 
selected cows were from Zebu and Holstein Friesian 
breeds, with different levels of parity. The average herd 
size was four (4) and the maximum herd size was eight 
(8) with a minimum of two (2) lactating cows. A total of 
328 lactating cows were examined for clinical mastitis 
and 264 for sub clinical mastitis.

California mastitis test
The California mastitis test was conducted to diagnose 
the presence of subclinical mastitis and it was carried 
out according to standard procedures (Quinn et al., 
1994). Milk samples from each quarter of each cow 
were collected in a clean CMT paddle. The CMT paddle 
has four shallow cups marked A, B, C, and D to help 
identify the individual quarter from which the milk was 
obtained. The milk sample from each teat was about 
one teaspoon or 2 cc. An equal amount of CMT solution 
was added to each cup in the paddle. The CMT Paddle 
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has rotated in a circular motion to thoroughly mix the 
contents for 10 seconds. The result were scored based on 
the gel formation and categorized as negative, trace or 
positive (weak, distinct, strong positive). If one quarter 
was positive with CMT then the cow was considered as 
positive for subclinical mastitis and the same if the four 
quarters were positive for CMT.

Observational study
During the farm visits, an observational assessment 
of the housing and hygiene was done. This includes 
making an assessment of the condition of the barn floor 
(presence of potholes, drainage system, and accumulation 
of cow dung) and general hygiene in calf house and its 
surroundings. 

Data management and statistical analysis
The data collected during the study period were stored 
in a computer using SPSS version 17 software. The 
statistical analysis was done using descriptive statistics 
(frequency, crosstab) and correlation to show the 
relationship between the disease and potential risk 
factors. 

Results
Prevalence of mastitis
The overall prevalence of clinical mastitis were 64 
(19.5%) out of 382 cows randomly selected in 82 small 
holder dairy urban and peri urban farms of Tigray. From 
264 lactating cows tested for CMT 101 (30.8%) were 

positive for sub clinical mastitis (Table 1). From the 
clinical positive cows 42 (65.61%) were from urban and 
22 (34.38%) were from peri urban means the severity 
level of clinical mastitis found was high severity 28 
(43.6%) low severity 22 (34.37%) and moderate 14 
(21.87%). From the positive cows the breed distribution 
revealed that, 11 (17.18%) were local or Zebu 53 (82.8%) 
were crosses of Holstein Friesian. From the CMT positive 
cows 51 (50.49%) were weakly positive 29 (28.71%) 
were distinct positive and 20 (20.79%) had strong 
positive for CMT test (Table 2).

Risk factor
Consideration of age and parity as a risk factor for 
mastitis revealed that, cows with an age range from 5-7 
years old were 10 (15.6%) positive. While 16 (23.43%) 
of these age 8-10 years and these age over 10 years 
comprising 38 (59.43%) had mastitis. The correlation 
between age and cow with positive clinical mastitis 
was 0.946, indicating a strong correlation between age 
increase and incidence of mastitis. In relation to parity, 
mastitis correlation was 0.949 which has highly positive 
correlation meaning as parity increases the occurrence of 
mastitis also increases.
  
This was shown by the level of parity and mastitis. 1-2 
were 9 (14.06%), 3-4 were 17 (26.56%) and a level of 
parity more than 5 was 38 (59.37%). The two risk factors 
play a large role in incidence of the disease (Table 3).

Table 1. the overall prevalence of mastitis in urban and pri urban of the study area
  District   No. of cows  Clinical    No. of cows tested CMT positive or
    examined for  mastitis positive  with CMT  clinical mastitis
    clinical mastitis
 Peri-urban  Enderta  20 (6.1%) 3 (15%)   17   7 (41.17%)
  KilteAwlaelo 34 (10.4%) 3 (8.82%)  31   9 (29.03%)
  DeguaTembien 47 (13.7%) 10 (21.27%)  37   15 (40.53%)
  HintaloWejerat 43 (13.1%) 6 (13.95%)  37   16 (43.24%)
Urban   Mekelle  186 (56.7%) 42 (22.58%)  144   54 (37.5%)
Total   5 districts  328 (100%) 64 (19.5%)  264 (100%)  101 (30.8%)

Table 2. level of damage due to mastitis
Severity of clinical mastitis Level    Total %
    High    28 (43.75%)
    Low    22 (34.37%)
    Moderate   14 (21.87%)
CMT level   Weak positive  51 (50.59%)
    Distinct positive 29 (28.71%)
    Strong positive  21 (20.79%)

Prevalence of Bovine Mastitis and its risk factors in urban and peri-urban dairy farms of Tigray, Northern Ethiopia
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Observational study
Taking the housing system as environmental risk factor 
the observational study done in 60 small holder dairy 
farms revealed that, the over all housing management of 
dairy cows is low in comparison with an ideal dairy farm 
this shown by 45% of dairy cows live in muddy house 
and 21%.7 of the dar cow house doesn’t have an access 
for enough ventilation (Table 4).

(Geressu., 1989) in Debre Zeit central Ethiopia 49.7% 
(Enquebahari et al., 2008) in Tigray. The difference on 
prevalence of mastitis of present study could be due to 
the level of awareness of the dairy farm owners which is 
increasing with attention to dairy cows is also increase 
due to high demand for milk. The economic growth 
of the country should also contribute to dairy cow and 
other livestock sectors development. This study has a 
great agreement with the pervious mastitis prevalence 
reports such as 21.1% (Tarekegn., 1996) and 21.0% by 
(Lemma., 2005) in Arsi region and 20.0% prevalence 
reported (Bagadi., 1970). The prevalence of sub clinical 
mastitis of this study is 30.8% which closely agrees 
with pervious study findings including 36.7% (Geressu., 
1989) 39.5% (Mengistu., 1986) 39.6% (Abera, 2010) and 
38.2% (Werknesh et al., 2002). Al in all, the subclinical 
mastitis prevalence was higher than clinical mastitis 
were this could be due to the defense mechanism of the 
udder, which reduces the severity of the disease and due 
to the defense mechanism of the udder, which reduces 
the severity of the disease (Hassein et al., 1997). Age and 
parity considerers as risk factors for mastitis revealed 
that the prevalence of mastitis in cows with an age an 
age of more than 10 years was 59.43%. The correlation 
between age and mastitis is 0.946 so this indicates that 
there is a strong correlation between age and mastitis, as 
age increases the incidence of mastitis will increase. This 
is supported with different investigators like by (Abera., 
2010) and (Tolesa., 1987) who found that, the risk of 
clinical and sub-clinical mastitis increase significantly 
with the advancing age of the cow. Prevalence of mastitis 
was also significantly correlates with parity as revealed 
by this study to be 0.949 as parity increase the occurrence 
of mastitis is increase. The prevalence of mastitis in cows 
which have more than 5 parity is 59.37%. The two risk 
factors have high contribution to the incidence of the 
disease. This finding is in agreement with the findings of 
(Takele, 1987). Environmental risk factor taken with the 
observational study revealed that, the over all housing 
management of dairy cows is low in comparison with an 
ideal dairy farm this shown by 45% of dairy cows live 

Discussion
 In this study the overall prevalence of clinical mastitis 
was 19.5% which has significant impact on loss of milk 
production and economic losses. The result of the present 
study is lower than the previous finding of other author 
in different regions of Ethiopia like 34.5% by (Hassein et 
al., 1997) 36.9% by (Darsema., 1991) in Dredawa eastern 
Ethiopia 38.6% (Fekadu., 1995) in the chaff valley 39.5% 

Table 3. Risk factors
Age (years)  Group   % positive clinical mastitis  Correlation 
   5-7  10 (15.6%)   0.946
   8-10  16 (23.43%) 
   >10  38 (59.37%) 
Parity (No of calves) 1-2  9 (14.06%)   0.949 
   3-4  17 (26.56%) 
   >5  38 (59.37%) 

Table 4. environmental risk factors
Housing system Observational study 1st
   Frequency Percent
open air   12  20.0
indoor   48  80.0
Ventilation
very good  12  20.0
good   35  58.3
no ventilation  13  21.7
Floor system
rough   9  15.0
smooth   18  30.0
muddy   27  45.0
concurrent  6  10.0
Drainage system
very good  9  15.0
good   18  30.0
moderate  27  45.0
no drainage  6  10.0
Accumulation of dung
high   9  15.0
low   18  30.0
very low  27  45.0
clean   6  10.0
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in muddy house and 21%.7 of the dar cow house doesn’t 
have an access for enough ventilation. So continues 
assessment and awareness creation on udder health 
management is mandatory.

Conclusion and recommendations
This study revealed clearly that, mastitis was a 
major health problem of dairy cows in the area and 
unquestionably this will result in adverse effects on 
productivity of the dairy industry and hence it needs 
serious attention. Continuous assessment of abnormalities 
seen in the udder has to be evaluated and giving 
medication. Good record keeping practice in general and 
specially udder health of dairy cows, adequate housing 
with proper sanitation and ventilation should be regularly 
maintained and good milking techniques are essential in 
the prevention strategies. Furthermore, regular screening 
for the detection of sub-clinical mastitis and proper 
treatment of the clinical cases as well as appropriate 
treatment of cows during dry and lactation period 
should be practiced. Based on the above conclusion the 
following recommendation are make. 
 • Awareness on prevention and control of mastitis of 
farm owner is very low so capacity building through 
continuous training of farm owners should be done to 
minimize the incidence of the disease. 
 •  More investigation on mastitis related to micro-
organism identification level quality reduction due to 
mastitis in milk should be done. 
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Abstract 
Three diseases of importance in eastern Africa were selected for study in Uganda, Tanzania and Kenya, to enhance 
availability of information on control technologies. This study was designed to collect baseline information on socio-
economic factors of importance in the control of the three diseases, namely East Coast fever, Brucellosis and Bovine 
Tuberculosis. In Kenya, the study was carried out in Migori and Kitui (Mwingi) counties where a questionnaire 
was administered to 144 respondents to gather data on knowledge, practices and factors that favour or mitigate 
the risk of any or all of the three diseases. The study established that women headed households were just above 
one third of those interviewed; most of the farmers interviewed were above 35 years of age, the upper age limit of 
those classified as youth in Kenya’s constitution. The study showed that livestock farming was not attractive to the 
youth despite the developments in micro-financing, mobile money and other mobile phone applications that have 
potential to modernize farming. Of the 144 respondents, 105 had primary level of education and below. About 69% 
of the respondents slaughtered goats while 23.2% slaughtered sheep and another 6.3% slaughtered cattle for home 
consumption. However, only 27.6% had the meat inspected while 58% respondents did not disclose what happens. 
About 5% of the respondents did their own traditional inspection. These practices presented a risk factor for infection. 
The cost of inspection and the fear of meat condemnation besides availability of inspectors were cited as the reasons 
for avoiding inspection. Carcasses including retained afterbirths were generally handled without precaution because 
of lack of awareness of potential disease risk. The widespread tethering of animals would be expected to reduce the 
risk of disease spread.  About 95% of the farmers used hand sprays to control ticks. However challenges were noted, 
with those in Migori, where 86% applied acaricides at wide intervals of one month or more, against the recommended 
interval of one week. The cost of acaricides and a general lack of awareness on the recommended ways of application 
were blamed for this. More awareness was noted with tick borne diseases and farmers correctly mentioning two 
important signs associated with the diseases.

Introduction
East Coast Fever (ECf) is a fatal protozoan (Theileria 
parva) tick borne disease that limits cattle productivity 
in a large area of eastern, central and southern Africa. 
It occurs in 11 countries in the region (Lawrence et al., 
1992; Mukhebi et al., 1992). In Kenya, infection poses 
a significant threat to the livestock sector in two ways 
(Gachohi et al., 2012): through the economic impact 
of the disease from cattle morbidity and mortality and 
production losses in all production systems, as well as 
from the costs of controlling ticks and the disease. The 
costs of acaricide  application, which is the primary 
means of tick control, was estimated to range between 
US$6 and 36 per adult animal in Kenya, Tanzania and 
Uganda (Minjauw and McLeod, 2003).

Bovine tuberculosis (bTB) and brucellosis are zoonotic 
bacterial diseases that are transmissible through milk and 
are a hindrance to international trade. At risk from the 
zoonotic diseases are animal handlers, farmers, butchers, 
veterinarians and zoo keepers. Unpasteurized milk from 
infected cattle is a source of bTB infection in humans 

although the aerosol route is also a feasible method of 
infection. Brucellosis affects cattle, pigs, sheep and goats. 
The disease is re-emerging and hence the need to study 
its epidemiology.

This part of the study was aimed at accessing baseline 
information on the knowledge, practices and situations 
that could favour or mitigate the risk of any or all of the 
diseases. Such information is necessary in subsequently 
formulating dissemination messages for use by farmers. 
A knowledgeable farming community would more easily 
adopt technologies and upscale production.

Materials and methods
A cross-sectional study design was used and 144 
respondents selected following a systematic random 
sampling method.  Enumerators were trained to 
administer the questionnaires. The questionnaires were 
pretested before the actual enumeration was carried out. 
A questionnaire was administered to 57 an 87 livestock 
keeping households in Migori and Mwingi respectively. 
Interviewees were disaggregated as shown in Table 1.
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Results
The mean age of farmers in Migori was 47 years while in 
Mwingi 70 of the 87 farmers were 35 years and above.
The level of education recorded is shown in Table 2 
and included a few farmers who said they never went to 
school.

Table 1. Disaggregation of interviewees by gender
Gender  Migori  Mwingi
Female  21 (36.8%) 35 (40.2%)
Male  36 (63.2%) 52 (59.8%)

Production system
Tethering was the most common method of production, 
with 64.9% and 49.4% in Migori and Mwingi 
respectively practicing it while communal grazing 
(21.1%) and free grazing (38.8%) were second on the 
list at the two sites respectively. The other method was 
semi-zero grazing practiced by a few farmers. In Mwingi 
78.2% of the interviewees grazed cattle and goats 
together while 14.9% kept them separately. In Migori, 
most of the respondents do not herd their cattle together 
with sheep and goats.

Meat inspection upon home slaughter
About 69% of the respondents slaughtered goats for 
meat while 23.2% slaughtered sheep and another 
6.3% slaughtered cattle for meat at home. However, 
only 27.6% had the meat inspected while 58% of the 
respondents did not say what happens. About 5% of the 
respondents did their own traditional inspection. The 
reasons for not inspecting meat were very varied. Some 
of the reasons given were costs, the long distance to 
where an inspector would be found and fear of having the 
meat condemned.

Brucellosis
Most (53.5%) of those interviewed in Migori reported 
to have heard of brucellosis. Only 10% had seen an 
animal with what could be considered brucellosis while 
85.4% had not seen it. A number of the associated 
signs mentioned included abortions, lameness, retained 
afterbirth, joint swellings, drop in milk production, 

Table 2. Level of education
Education   Migori  Mwingi
Tertiary   0  7
Secondary  8  24
Primary   47  45
None   2  11

weak calves at birth, poor conception rates and swollen 
testicles.

In Migori, cases of retained placenta were reported 
by 26.9% of the respondents. Out of those who had 
experienced retained placenta in their cows during the last 
three years, 67.1% reported having experienced it only 
once. Those who had experienced many cases formed 
14.3% of this group as were those who had experienced 
it twice. Drop in milk production seems to have been 
the most recognized and therefore the most easily 
volunteered response by the respondents as a clinical 
sign of brucellosis. This was followed by skin disease, 
lameness and conception problem. Retained placenta was 
the least considered as a clinical sign of brucellosis by the 
respondents.
  
Abortions were reported by only 10 (Migori) and 21 
(Mwingi) respondents. Methods used to dispose off 
aborted fetuses varied and included burning (9), cooking 
and giving to dogs (9).

Brucellosis in humans
About 90% of respondents had heard of brucellosis 
in humans and 30% said a family member had been 
affected. Out of 133 respondents, those who reported 
knowledge of signs/symptoms associated with brucellosis 
mentioned back pain (31), fever (26) headache (17), weak 
body (9), one each of joint pain and stomachache (6), one 
each of loss of appetite and pain of the whole body (5), 
shivering (4), one each of urinating blood and diarrhoea 
(3), one each of nausea and loss of weight (2). Twelve 
others described the same symptoms in different words.   
About 95% of the respondents said they boiled milk 
before consumption and the milk was left to boil for at 
least two (2) minutes (Figure 1).

Tuberculosis in humans
Most (80.4%) of those interviewed in Migori had heard 
of TB but they did not associate it with cattle.
About 22% of the respondents said they had seen TB in 
cattle.  It was however not clear how they identified the 
disease given the very varied signs that were mentioned. 
About 30% of the respondents said that they knew a 
family member who had suffered from the disease. 

Tick borne diseases
The farmers were aware of the various tick borne diseases 
and Table 3 shows the main signs for each disease listed 
in order of importance as given by the farmers. 
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Figure 1. Respondents who boiled milk

Table 3. Tick borne diseases and the three main signs as 
given by farmers
Disease   Three main signs 
Anaplasmosis  Emaciation
   Hard faeces
   Rough hair coat
Babesiosis  ‘Bloody’ urine
   Rough coat
   Emaciation
Heart water  Walk in circles
ECf  As in Table 5

In both Migori and Mwingi more than 70% of the 
respondents admitted knowing ECf and the listed signs 
associated with the disease are indicated in Table 4.
Most (73.5%) of the respondents who had experienced 
ECf mentioned that it was diagnosed using  clinical signs 
while 23.5% indicated that a lymph node smear was used 
to diagnose the disease. Post mortems were not done on 
dead animals. The results are shown in Table 5.

Acaricide usage ranged from none to monthly. About 
10% of farmers sprayed only if there were visible ticks 
and 95% of those who sprayed used hand sprays. Use 
of drugs was the most mentioned method of treating 
ECf. Also mentioned was the use of traditional methods 
to manage the disease. Over 50% of the respondents 
indicated that sick animals were treated by Veterinary 
professionals in both counties. 

About 68% of the farmers in Mwingi said they knew 
about ECf immunization and its benefits while 18.5% 
did not. The benefits included higher production, good 
body condition and a better market value for immunized 

breeding stock. In Migori 80% of the respondents were 
not aware of the technology.

Disposal of acaricide containers
Majority (80%) of the respondents disposed empty 
acaricides containers in pit latrines. A few burnt the 
containers.

Discussion
The average age of the respondents was 47 years, an 
indication that farming is still an activity dominated by 
the middle and older age groups. This may be as a result 
of distribution of resources among generations given 
that farming is an input intensive enterprise. It may also 
be related to the inputs versus the outputs. This study 
confirms the observation by Su Kahumbu Stephanou the 
originator of iCow, a mobile phone based application 
that offers pertinent information to farmers, that youth 
associate farming with poor peasant parents. The study 
therefore recommends that ways should be found to 
involve the large, strong population of youth, in taking 
advantage of developments in the many microfinance 
companies, new technologies and mobile money, to 
venture into farming.  

The literacy level of the farmers is an important factor to 
consider when preparing dissemination messages. The 
majority of the interviewees were of primary level of 
education and majority of them did not complete. 
About 90% of respondents had heard of brucellosis 
in humans and 30% said a family member had been 
affected. This closely matches the results of a study 
in Marsabit by Qido (2008) who found that 31.8% of 
households interviewed had experienced at least a case 
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Table 4. Clinical signs of ECf as mentioned by the respondents
Clinical signs/symptoms of ECf Is it normally observed by   
     professionals?
Bellowing    No
The colour of the cow becomes dull Yes
The cow becomes dull/hair coat changes Yes
Difficulty in breathing   Yes
Emaciation and weight loss  Yes, if turns   
     chronic
Enlarged lymph nodes   Yes
Fatigue     Yes
High temperature    Yes
Lacrimation    Yes
Low milk production   Yes
Loss in appetite     Yes
Snoring     No
The animal becomes distressed  ?
Mucus and saliva discharge from   Yes
nose and mouth
Abdominal swelling   No
Swollen eyes    No
Watery eyes    Yes
Table 5. Methods of diagnosing ECf
Methods of ECf diagnosis % 
Respondents using  methods   (=34)
Clinical signs    73.5
Blood     2.9
 Lymph node smear   23.5
Post mortem    0

of human brucellosis in a span of one year. Consumption 
of raw milk without boiling (38.5%) is among the risk 
factors reported to contribute to disease prevalence in the 
area. The response that about 95% of the interviewees 
boiled or consumed boiled milk in the present study is in 
agreement with the findings of Kang’ethe et al. (2000) 
that all urban consumers and 96% of rural consumers of 
unpasteurized milk indicated that they boiled the milk (in 
tea or otherwise) before consumption. This should limit 
the risk of infection through consumption of milk. In the 
study sites, the practice of tethering would tend to limit 
animal exposure to brucellosis and TB. However when 

handling aborted fetuses it was clear that farmers needed 
to be cautioned to wear protective clothing or better still 
solicit the assistance of professionals in handling the 
foetus. Meat inspection in home slaughter was found 
wanting. Given that Gathogo et al. (2012) found that even 
in abattoirs, meat inspection practices were hardly able to 
detect TB tubercles, meat inspection procedures should 
also be re-evaluated. The practice of a large proportion 
of livestock keepers of not having their meat inspected 
should be given due attention for corrective action. 
Animal handlers are at higher risk of getting infected with 
the zoonotic diseases but their relative levels of risk could 
not be quantified in this study. The acaricide to water 
ratio used to dilute acaricides varied. The reasons that 
informed farmers to change acaricides included: to avoid 
resistance development, prices, visible ticks on animals 
after spraying, veterinary advice and unavailability of 
the usual acaricide. Immunization against ECf was little 
known in Migori. 

These findings indicate the need to create awareness on 
milk borne diseases although the risk appeared low, the 
need to correctly use acaricides and the availability and 
benefits of the ECF vaccine.

The use of acaricides is of concern because mishandling 
them can contribute to the development of resistance 
by ticks. Tick resistance to acaricides is already a big 
concern worldwide and in order to prolong the useful 
life of the few available acaricides farmer education and 
follow-up are required. Although the disposal of acaricide 
containers was well articulated, observations on the 
ground were not quite supportive of the seemingly good 
practices. For the interest of human and environmental 
safety, disposal of the containers is an area that should 
also be given attention. Burning of plastic containers 
releases dangerous bio accumulative and potentially 
carcinogenic dioxins and furans in the air and is not 
therefore a good disposal method.  
Blood and milk samples were taken to analyze for the 
infections and the results are the subject of a separate 
paper.
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analyzed the data from this study. 
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Abstract
A study was conducted in the four counties exploring different livelihood strategies in crop-livestock integrated 
systems. The study covered maize-wheat-tea-potato and sugarcane-based farming system in Northwestern Kenya. 
This study examined the livelihood strategies among households. Structured questionnaire was administered to 
randomly selected households through personal and multiple visits through monitoring. A multistage sampling 
technique was used to select a total of 423 households that were involved in  this study. The study result revealed that 
majority of the respondents derived their livelihood from  food crop, cash crop farming, livestock, off-farm permanent 
employment, off-farm casual work, remittance from relatives with off-farm employment and petty trade. The highly 
ranked strategies were; food crop (1.8) cash crop farming (1.85), livestock (2.16), and the least fishing (4.14). Other 
priority strategies included petty trade (2.91), remittance (2.88), off-farm casual work (2.82) and off-farm permanent 
employment (2.5). The factors that significantly influenced the likelihood of undertaking any of the seven livelihood 
strategies compared to food crop production (base) were farmsize (farm size), yrscrpfmng (years of crop farming) and 
highest level of education attained by the household head. This study thus concluded that ownership of assets such as 
social capital, land, financial and labour is central in determining the livelihood strategies. Therefore, there is the need 
to stimulate asset accumulation.

Introduction
Crop-livestock systems evolve in response to human 
population pressure, the opportunity cost of land, labour, 
capital, and terms of trade between outputs from the crop 
and livestock sectors. Most parts of Kenya and other sub-
Saharan African (SSA) countries have experienced rapid 
decline in farm sizes and forest cover in the past three 
decades. This is attributed to increased human population 
leading to land sub-division with significant changes in 
per capita income and consumption patterns (Iiyama, 
2007; FA0, 2011). These demographic and economic 
changes have led to higher demand for high-value 
livestock and crop products (Riddell, 2006). This demand 
creates opportunities and challenges for farmers and 
other stakeholders along the agricultural product value 
chain (APVC) to expand and add value to agricultural 
products (Devereux, 2004). The farmers’ response 
has taken different forms including intensification of 
livestock-crop production systems to produce more food 
and incomes (Rota and Sperandini, 2005). The changes 
have created both positive and negative impacts on 
crop-livestock-environment interactions. These changes 
have exerted pressure on the environment including 
progressive land degradation. The negative effects have 
become the concern for development agents, policy 
makers and other actors along crop and livestock APVCs 

(Mwongera, 2008). Most people in Kenya and SSA 
practice mixed crop-livestock farming systems and both 
crops and livestock it account for a significant proportion 
to the Kenyan economy (Republic of Kenya, 2004). 
Crop-livestock (C-L) interaction systems can increase 
contribution to farmers’ welfare. The combination of 
livestock with crop production is an effective way to 
manage risks and to sustain land productivity. The C-L 
system is good for recycling of all the products of the 
farming operations, local crop and livestock material 
including household waste. Crop residues are used as 
livestock feeds. Manure from livestock is a valuable 
source of soil nutrients (e.g nitrogen, phosphorus and 
potassium) including trace elements at varying levels, and 
also improves soil structure and water holding capacity. 
The animals also provide draught power for farm 
operations. Despite the role that crop-livestock interaction 
plays in determining the state of the ecosystems and 
sustaining livelihoods in the farming systems, the spatial 
extent and intensity of its practice in the proposed study 
areas is yet to be assessed and explored. 

This study was aimed at bridging this gap. It is 
recognized that all stakeholders along the APVCs, 
including policy makers, need to be informed about 
crop-livestock interaction. Spatial distribution of 
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livestock-crop production systems, factors determining 
this interaction and the effect of suggested alternative 
interventions. The overall objective was to analyze 
livelihood strategies adopted in the crop-livestock 
interaction production systems and to identify factors 
affecting livelihood outcome of households in western 
Kenya.

of Kenya. 2009) with an altitude range of 900 to 3800 
metres above sea level  (Jaetzold, ad Schmidt 1983). The 
mean minimum and maximum annual rainfall is 600 and 
1200 mm, respectively. The temperature ranges between 
9°C and 30°C. The farmers practice mixed farming of 
growing crops (wheat, maize, sugarcane, horticultural 
crops) and livestock rearing (dairy cattle, goats, sheep, 
and poultry).

Sampling design and techniques
In order to achieve the set objectives both secondary and 
primary data were utilized. Primary data was generated 
through surveys. The sampling frame for the study 
was all crop-livestock households in the study counties 
(Bungoma, Uasin Gishu, West Pokot and Trans-Nzoia), 
with a household as the sampling unit. The study was 
undertaken in two stages starting with rural rapid 
appraisal (RRA) followed by individual interviews at 
household level. The surveys were carried between June 
and July 2011. Multi-stage sampling approach was used 
where counties, locations and households were randomly 
selected using simple random sampling technique. Four 
counties were purposively selected based on farming 
systems while 10 locations and 423 households were 
randomly selected based on 2009 population census 
data (KNBS. 2009). A semi-structured questionnaire and 
check lists were utilized in formal and RRA surveys, 
respectively. The questionnaire was structured as; 
general information, household assets, land resource, 
ownership and use, crop enterprises, farm labour, 
agriculture practices, livestock production, livestock, 
breeding and health, feeds and feed management systems, 
milk production and marketing, manure management, 
soil fertility improvement, and information on nature 
resource management practices. Data were collected 
on general household characteristics, composition, and 
resources; institutional settings; agricultural production 
activities with particular reference to the adoption and 
production of maize varieties; perceptions of drought 
risk; agricultural marketing decisions; income, and 
expenditure profiles; households’ livelihood diversity; 
strategies to cope with crop-livestock interaction; poverty 
and food security status. The enumeration team consisted 
of technical staff from KARI and ministry of Agriculture 
Livestock Development and Fisheries. Prior to data 
collection, thirty questionnaires were pre-tested. The 
questionnaire was field tested in one county that exhibited 
large differences in farming system. In each sub-location 
a sample frame was generated by listing farmers. Each 
sub-location contained between 1000- 3000 households. 

Table 1. Type and number of household equipment and 
machinery
 Type   Mean SE Mode
furniture n=166  13.21 1.08 1
jembe n=347  4.33 0.16 4
buckets n=242  3.74 0.19 2
farm house n=356 2.76 0.10 2
panga n=341  2.21 0.10 1
feed troughs n=96 2.14 0.14 1
mobile phone n=300 1.98 0.09 1
water trough n=135 1.87 0.10 1
spade/shove n=190 1.61 0.08 1
fixed land line n=2 1.50 0.50 1
hand carts n=14  1.43 0.29 1
water tank n=106 1.41 0.09 1
radio n=299  1.37 0.04 1
vehicles n=59  1.31 0.07 1
bicycle n=224  1.25 0.05 1
cereals sieve n=76 1.21 0.08 1
panga n=218  1.20 0.04 1
tractor trailer n=48 1.19 0.08 1
wheelbarrow n=172 1.19 0.04 1
well n=123  1.18 0.04 1
posho mill n=18 1.17 0.17 1
ox plough n= 45 1.16 0.08 1
television n=120 1.15 0.04 1
borehole n=72  1.14 0.05 1
sprayer pump n=21 1.14 0.08 1
cow sheds n=135 1.13 0.05 1
chicken house n=177 1.10 0.04 1
power saw n=5  1.00 0.00 1
Source: Field Survey, 2012

Methodology
Study site
The study was conducted in five counties of Western 
Kenya and North Rift region. The counties studied were 
Bungoma 0°25’-0° 53´ S and 34°21´ - 35°04´E ; Trans 
Nzoia 0°52´-1°18´S and 34°38´-35°23´E; West Pokot 
00 10’ - 300 40’N and 340 50’-350 50’E and Uasin 
Gishu 34° 50′ - 35 ° 37′ E and 0° 03′ - 0° 55’N. The 
counties are home to about 3,856,560 people (Republic 
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The sample size of 423 was computed based on 2009 
population census figures (KNBS. 2009) and was arrived 
at using a formula adapted from Kothari (1995).
Sample size: 
• n = P*Q / (SE)2 
• n = 423 = (0.5*0.5) / (0.0456)2 from the seven   
 randomly selected sub-locations.
Where:
• n = sample size
• P = The population from each sub-location   
 containing the major attribute 
• Q = 1-p
• SE = standard error of the proportion

The analytical framework and specification of the model
In order to analyze crop-livestock systems the 
requirements are to; describe and quantify the interactions 
between the system’s components, represent the 
farmer’s management practices, determine the impacts 
of management strategies on use of land and other 
resources, and allow the possibility of studying both the 
medium-and the long-term effects of the C-L strategies. 
The first step is to characterize the farming system 
and understand the importance of the crop-livestock 
integration in the study area. This was s followed by 
testing of associations between variables in the farming 
systems. A number of priority variables for describing C-
L interactions were grouped. This was achieved through 
descriptive and multinomial regression analysis. A 
Sustainable livelihood framework was used in this study 
as shown in Figure 1.

Data analyses
Data were analyzed using descriptive statistics, inferential 
and statistics. The descriptive statistics, involving the 
use of means and frequency counts to describe the study 
variables, were presented using tables and charts. The test 
of differences between means and proportions was used 
to compare study variables among farm types, livestock 
production systems and gender groups. The Lorenz curve 
(Lorenz 1905) was used to analyse asset  distributions of 
households. This technique was preferred since  it relates 
the cumulative proportion of asset to the cumulative 
proportion of households. 

Multinomial Logit: In analyzing factors affecting the 
choice of LSs, a multinomial logit (MNL) model was 
used. The MNL model is based on the random utility 
theory. The utility to a household who selects an income 
portfolio (U) is specified as a linear function of the 
individual and farm specific characteristics, the attributes 
of the alternative LSs and other institutional factors as 
well as stochastic component. In this study individual 
specific and institutional characteristics (X) were used as 
shown in equations 1 to 11. 

•           equation 1

•               equation 2

Fig. 1. Livelihood evaluation framework for crop-livestock integration

jj eXLSU += 0)0_crop food__( βU(LS

jj eXLSU += 0)1_farming cropcash _( βU(LS
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•               equation 3

•                 equation 4

•             equation 6

•                          
 equation 7

•               equation 8

If the observed outcome (dependant variable) = LSs j and 
if U 

•              k then   equation 9

•        equation 10

The MNLM defines probabilities as function of Xi of 
unknown disturbance term 

•                 equation 11

The standard MNM the probability function as defined by 
Maddala (1983). The reference LS was intensive LS and 
this was compared to other two LSs. Hence, for each LS 
there was 3-1=2 predicted log of odds, one for each LS 
relative to intensive LS. When M=1 you get ln (1) = 0 = 
Z11 and exponential (0) = 1. The probability of choosing 
the LS is equal to the probability that the utility of that 
specific LS is greater than or equal to the utilities of other 
alternatives in the choice set. The farmer maximizes 
utility from LS in the sense that, that particular choice 
best minimizes the cost of production, maximizes profits 
or ensures achievement of a threshold level of LS of any 
other objectives. The dependent variable was discrete 
variable taking values 0, 1, 2, 3, 4, 5, 6 and 7 for cases 
where LS was LS food crop =1, LS cash crop farming=2, 
LS livestock=3, LS fishing LS casual work=4, LS 

>+= kj eXLSU 0)2_livestock_( βU(LS

U(LS jj eXLSU += 0)1_ fishing_( β

U(LS jj eXLSU += 0)1_epetty trad_( β

U(LS jj eXLSU += 0)1_employmentpermanent _( β

U(LS jj eXLSU += 0)1_tremittance_( β

U(LS_ j)>U (LS_k) ≠∀j

kkkjj eXeX +>+ ββ

),(( eXPP isi =

petty trade=5, LS permanent employment=6, and LS 
remittance=7 f(age, education, sex, relation of Household 
member to the HHH., family size, time on-farm, 
employment type, farm size, credit access, extension 
access, distance to markets, acreage).

Results and discussions
Demographic characterization of households: The 
descriptive statistics presented in Table 2 reveal that 
the mean age of the household head was 55 years. The 
experience of the head of household in crop farming was 
20 years and that in livestock rearing was 19 years. The 
mean number of household members was 6 and only 
1 member was beyond 55 years. The average number 
casuals were 3 per household while the number of off-
farm permanent workers was two. 

Livelihood strategies
It is recognized that different assets and activities 
contribute to peoples’ livelihoods and the 
conceptualization of this approach builds upon the 
sustainable livelihoods approach and framework as 
indicated by Carney, (1998). It considers the functions 
of assets (such as livestock and crops) and activities 
(such as livestock keeping and crop production) within 
household’s livelihood strategies. Some of the major 
livelihood strategies identified included food crop, 
cash crop farming, livestock, fishing, off-farm casual 
work, petty trade, off-farm permanent employment, and 
remittance. Further analysis revealed that food cropping, 
cash cropping and livestock were highly ranked first, 
second and third respectively. Off-farm and casual labour 
followed in ranking. The least ranked was fishing which 
is practiced by few farm through fish ponds and riverine 
(Rivers). Meanwhile, other services such as petty trading, 
remittance were ranked among the last.
Household capital assets: Table 1, shows the type and 
number of assets owned by households. 

Livestock asset
The potential of livestock to improve livelihoods of the 

Table 2. Descriptive statistics of sampled households
Variable name       Mean SE
Age of household head n=340     55.06 5.627
Years in crop farming n=414     19.73 0.646
Years in Livestock rearing n=385    19.29 0.761
Total male and female aged >55years n=206   1.1602 0.062
Number of casual people n=194     2.8505 0.518
Number of off-farm permanent employed people n=144  1.5972 0.216
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rural poor depends on complex economic linkages and 
behavior (Roland-Holst and Otte 2006). Farmers keep 
livestock because of the diverse benefits including cash 
income, food (milk, meat), manure, draft power and 
hauling services, savings and insurance, and social status.

Livestock management systems
Livestock production systems practiced by households 
in different farm types are shown in Table 3. Most of the 
farms are practicing extensive grazing systems followed 
by semi-zero grazing and zero grazing. Rotational grazing 
(with paddocking) and tethering are the least. Extensive 
grazing is not in tandem with the declining farm size and 
this could lead to overgrazing and declining livestock 
productivity.

Livestock numbers
The number of livestock heads held by each household 
against the farm size can be an indicator of carrying 
capacity and productivity of a farm as shown in Table 
4. The highest number of tropical livestock units (TLU) 
are held by those households whose priority livelihood 
strategies are inclined to cash-cropping, livestock farming 
with the least being in off-farm casual work livelihood 
strategy (LS). Equally the highest numbers of TLUs were 
held by large-scale operation followed by medium-scale 
farms and the least being the small-scale farms. This is 
in line with farm size distribution as it was expected that 
the larger the farm size the more the TLUs held. This is 

probably due to more pastures held by large-scale farms.
Lozenz curve
Figure 2 shows the Lorenz curve of TLUs held by 
households which in this case was used as a proxy for 
wealth status too. The Lorenz Curve shows the actual 
quantitative relationship between the percentage of 
livestock holders and the percentage of the total livestock 
units that is held. The more the Lorenz Curve line is 
away from the diagonal (perfect equality), the greater the 
degree of inequality represented. The results of this curve 
showed that there is a high degree of inequality because 
the curve is significantly away from line of perfect 
equality. 

Labour utilization
Ellis (2000) states that livelihood ability does not only 
include physical labour, but also knowledge, sources 
of labour (hiring and family labour), trainings, support, 
skills and years of experience. The source of labour 
through hiring across farm types is shown in Figure 3. 
The results showed in Table 5 indicated that majority 
of farms in farm types MDT, DWMT and TMDT hired 
casual labour with the least being in PDMT. Overall 
majority of farms hired labour for farm activities. The 
highest number of hired casual was recorded in MDFT, 
MDFT and TDFT. Equally the highest number of 
households engaged in off- farm permanent employment 
people and number of permanently on-farm people was 
recorded in the same farm types.
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Natural assets
The average farm size in the study area was highest 
in maize-dairy (MD) farm type (46) and wheat-dairy-
maize (WDM) farm type (32) with the least being in 
potato=dairy-maize (PDM) farm type (3) and sugarcane-
maize-dairy (SMD) farm type (7). The overall farm size 
was 27acr, but the proportion of farm land cultivated 
was over 50% across all farms except in Cattle-Shoats-
Acacia woodland (CASAW) farm type. It was recognized 
that farms were subdivided into different distinct plots 
comprising, homesteads, crops, woodlot, fallow, pasture, 
and cultivated areas. Homesteads were also used as 
grazing fields. Investments in land conservation are an 
important aspect in sustainability of farming.
One of the options is through soil conservation. Terracing 
trenches and strip cropping was practiced by majority of 
farms and the least was agro-forestry.

Water sources for household and livestock use:
Water is an important natural household resource and 
classified under land as one of factors of production for 
both livestock, human and crop production. Shallow 
well, rain water catchment and flowing river/stream were 
identified to be major sources of water for both livestock 
and domestic use. The least available water source was 
the piped water and spring water (Table 6). This demand 
the treatment of this water for control of water borne 
diseases.

Physical assets: There were diverse types of dwelling 
typical of households in the study area, with eight in each 
of the counties. These included mud huts, brick and block 
houses with different roofing materials. In general, the 
mud and brick houses with tinned corrugated iron roofs 
were the most common types among the rural farming 
households. Households in the survey location owned and 
had access to diverse household physical assets.

The assets include: radio, bicycle, motor cycle, private 
well, tractors, pangas, slashers, trailers and hoes. Other 
capital assets owned in order of accessibility were mobile 
phones, dairy cows, draft animals, animal-drawn ploughs, 
and wheelbarrows. , television sets, tractors, tractor-
drawn harrows tractor-drawn ploughs, and water tanks. 
In general, over 50% of the respondents owned a radio, 
bicycle, motor cycle, and private well. However, the 
number of radios and bicycles owned by the households 
was larger than that for other assets.
 
 Access to financial assets
About 27% of the respondents indicated having received 

Table 4. Mean TLU by livelihood strategies and scale of 
operation
Livelihood strategies   Mean TLUs by   
     LSs
     Mean SE
food crop n=75    19.43 10.64
cash crop farming n=50   25.58 15.91
Dairy livestock raering n=73  19.86 10.93
off-farm casual work n=14  1.86 0.35
petty trade n=14   13.21 3.81
off-farm permanent employment n=12 6.17 1.81
Remittance n=6    3.17 1.28
Scale of operation  
Large scale n=112   70.86 19.22
Medium-scale farm n=160  7.80 0.52
Small-scale farm n=248   7.26 0.66

Fig. 3. Lorenz curve showing distribution of livestock units in study regions

WANYAMA, MUYEKHO, LUSWETI,  LUSWETI, OMAMO, WAIRIMU, KARIUKI  AND KOMEN

 

0.0

20.0

40.0

60.0

80.0

100.0

120.0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

%
 c

at
tle

 h
el

d

% households holding cattle



�8�

Table 7. Farm size distribution by farm types
Farm type Farm size distribution (acres)
     Mean Std. Error
Maize-dairy n=124   46.47 19.76
Dairy-Wheat-maize n=142  31.81 8.88
Potato-dairy-maize n=15  2.58 0.74
Sugarcane-maize-dairy n=56  7.10 1.19
Cattle-shoats-acacia woodland n=72 9.40 2.31
Tea-maize-dairy n=14   14.93 5.20
Total n=423    27.42 6.56

cash/input credit during the 2005–2006 maize production 
season (Table 9). The major sources of these credits 
were neighbors, relatives, money lenders, Government 
programs, financial institutions, and NGOs. However, 
the majority (over 70%) of the household heads did not 
have access to credit. The reasons given for their inability 

Table 5. Number of casual labour hired by farm types
     Maize-dairy  Dairy-wheat   Potato-dairy   Sugarcane-     Cattle-shoats- Tea-maize    All
               -maize         -maize     maize -dairy  acacia wood - dairy 
           land
Number of casual people 3.708           2.185       1.714     3.046    2.125  3.000        2.851
Std. Error    1.364           0.234       0.421     0.587    0.310  0.655        0.518
No. of off-farm     1.844           1.220       1.000     2.000  1.000    6.500        1.597
permanent employees
SE     0.594           0.157        0.316     0.426    0.091  2.500        0.216
No. of permanently    2.495           2.925       1.833     5.711  2.194  3.091       3.075
on farm people 
SE     0.218           0.301        0.505     0.746    0.228  0.780       0.182

Table 6. Water use by farm type in Northwest Kenya
Water source     Response farm type (%) 
   Maize-dairy   Dairy-wheat   Potato-       Sugarcane- Cattle-shoats-a     Tea-maize- All
            -maize   dairy-       maize-dairy acacia woodland    - dairy
        maize
piped internal  1.09        0.51   0       0   0      0   0.50
piped yard tap  1.09        1.52   0       0          3.96  3.57  1.66
Water carrier/tanker 0.55        0.51   0       0         0   0.33
piped public tap (free) 0.55        1.02   0       0        5.94   0  1.50
Public tap (paid for) 0         1.02  4.55       0  10.89  10.71  2.83
borehole   8.74       10.66 22.73       8.57  1.98  3.57  8.49
rain water tank  27.32        21.32 9.09       4.29  16.83  32.14  20.47
Flowing river/stream 10.38        5.08 3 1.82       4.29  49.50  21.43  15.81
dam/stagnant water 0         4.06   0       0  3.96   0  2.00
well (non borehole) 48.09       52.79 18.18       40.00 4.95  21.43  39.10
protected spring   0        0.51  13.64       38.57 1.98  7.14  5.82
spring   2.19       1.02   0       4.29   0   0  1.50
    416***          1078***

to obtain credit, in order of importance, included lack 
of access to sources of credit in the vicinity, no attempt 
made to look for credit on the part of the respondents, no 
collateral to guarantee credit, high interest rates, and a 
combination of no collateral and no source of credit. The 
average interest rate charged on input credits was found 
to be higher than that for cash credit, while the interest 
on production credit was greater than that charged on 
consumption. However, more than 100% of the cash 
credit received for production by households was repaid, 
compared with the repayment of input credit. This might 
be attributed to the tailoring of production credit to the 
purpose for which it was meant, but input credit might 
not have been used as appropriately as expected. Most 
farmers claimed to use inputs below the recommended 
dosages just because they wanted to ensure that the small 
amount of input they got covered their farms. This calls 
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for effective extension services to enlighten farmers 
on the need to apply recommended rates of inputs. The 
major forms of repayment were cash, grain, and seeds. 

Maize seed input was specifically repaid as grain.
All the household heads indicated that they had received 
the maize seed input on time; over 80% of them indicated 
that they had received top dressing fertilizer on time. 
However, respondents indicated that there were delays in 
receiving production credit and basal fertilizer from credit 
providers, thus making it impossible for them to repay 
promptly, due to wrong timing and their inability to use 
the credit provided for the intended purpose. Thus, there 
is a need for adequate and timely provision of both cash 
and credit facilities to the households for their effective 
and efficient use by farmers.

Institutional and social capital
Household access to institutional support is key to 
adoption of crop-livestock technologies. One of the 
basic institutions among the community is membership 
to groups. Results in Figure 5 showed that the highest 
proportion of households who members of groups was 
registered in CASWFT followed by MDFT with the 
least being in PDMFT and TMDFT. Current extension 
approaches require that farmers form groups and formally 
register with social services demand so that they can be 
easily accessed crop-livestock technology intervention. 

The benefits enjoyed by the households included seeds, 
fertilizer, and food relief, as well as livestock breeding 
stock from other developmental programs. On average, 
households interacted at leastwise with extension officers 
within the period three years. Field demonstrations 
were mainly organized by agricultural research 
institutes, NGOs, seed companies, and other agricultural 
development agencies in the area. 

Multinomial logistic regression results
The log likelihood of the fitted model was -201.31, and 
from this value we can reject the null hypothesis that all 
the regression coefficients are simultaneously equal to 
zero. The likelihood ratio on the other hand was 89.92 
(degrees of freedom = 236 observations) and the p-value 
was 0.0000 (Table 8). These two statistics help us to 
reject the null hypothesis that all regression coefficients 
across both models are simultaneously equal to zero. 
Lastly the McFadden’s pseudo R2 was 0.1826. This was 
within the highly satisfactory range of 0.2 – 0.4. Table 
8 presents the results obtained from the analysis on 
the multinomial logistic regression model. The factors 
that significantly influenced the likelihood of adopting 
the seven livelihood strategies compared to food crop 
production (base) were farm size (farm size), yrscrpfmng 
(years of crop farming) and highest level of education 
attained by the household head. 
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Conclusions
This study shows how the households in western 
Kenya obtain their livelihood from various livelihood 
activities; an increasing livelihood diversification among 
the residents was observed in this study area and how 
these relate to assets, and access within the livelihood 
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framework. The factors that significantly influenced 
the likelihood of adopting livelihood strategies were 
farm size, years of crop farming and highest level of 
education attained by the household head.. The use of 
farm by-products as feed and manure indicates sub-
optimal level of crop-livestock interaction. In addition 
nutrient recycling is also limited indicating poor nutrient 
replenishment.

Acknowledgement
Authors are thankful to EAAPP secretariat for managing 
these funds and farmers for their kind participation in 
the field survey. Authors also sincerely acknowledge 
constructive comments made by reviewers.

References
Carney, D., (ed). 1998. Sustainable rural livelihoods: 

What contribution can we make? London: DFID.
Devereux, S., Baulch, B., Hussein, K., Shoham, J., Sida, 

H., Wilcock, D., (2004). Improving the analysis 
of food insecurity Food insecurity measurement, 
livelihoods approaches and policy: applications in 
fivims: pp 1-52.

Ellis, F. 2000. Rural Livelihoods and Diversity in 
Developing Countries, Oxford University Press, 
Oxford, U.K.

FA0 (2011). Recent trends in world food commodity 
prices: costs and benefits Past and future trends in 
world food prices, FAO: 1-20.

Greene, W. H. (2003). Econometric Analysis, New Yolk 
University, . New Yolk University, Upper Saddle 

River, New Jersey USA.
Iiyama, M., Kaitibie, S., Kariuki, P., Morimoto, Y., 

(2007). “The Status of Crop-Livestock Systems 
and Evolution toward Integration.” Annals of Arid 
Zone 46(3&4): 1-23.

Kothari, C.R. 2004. Research Methodology: Methods and 
techniques New age Int (P) Limited Publishers, 
New Delhi.

KNBS. (2009). “2009 Population and housing census 
highlights. Kenya national Bureau of Statistics.”

Maddala, G. S. (1983). Limited-dependent and qualitative 
variables in econometrics., Cambridge University 
press, New York.

Mwongera, V. (2008). Food crisis: Kenyan Scientist calls 
for practical actions. Africa Science News Service 
| Reporting about African Science with an African 
Eye.

Republic of Kenya. (2004). Statistical abstract. Central 
Bureau of statistics. Ministry of planning 
and national Development. Nairobi, Kenya., 
Government ministry.

Riddell, P. J., Westlake, M., Burke, J., (2006). Demand 
for products of irrigated agriculture in sub-
Saharan Africa. Rome, Italy, FAO: pp 1-10.

Roland-Holst, D. and J. Otte (2006). Livestock and 
Livelihoods: Development Goals and Indicators 
Applied to Senegal, Pro-Poor Livestock Policy 
Initiative A Living from Livestock Research 
ReportRR Nr. 06-08; November 2006: pp 1-23.

Rota, A. and S. Sperandini (2005). Integrated crop-
livestock farming systems, IFAD.

WANYAMA, MUYEKHO, LUSWETI,  LUSWETI, OMAMO, WAIRIMU, KARIUKI  AND KOMEN



�85

Costs of dairy feeds, prices of milk and levels of milk yield under small-scale production 
in five counties of Kenya: results of baseline survey

J.M.K. Muia1, I.W. Kariuki2, N.N. Kanegeni3 and G.N. Ngae2

1Kenya Agricultural Research Institute (KARI), P.O Box 25-20117 Naivasha
2KARI-Muguga South, P.O. Box 30148-00100 Nairobi

3KARI, Private Bag, Ol Joro Orok

The 1st EAAPP Mini-conference and open day. KARI-Naivasha. 12-15 November 2013

Abstract
A baseline survey was conducted to assess cost of dairy feeds, milk prices and levels of milk yield in selected dairy 
cattle farming counties in Kenya. Data were obtained through interviews of 1,409 household heads, using semi-
structured questionnaire in a multi-stage sampling procedure. Data obtained included size of farms, herd sizes, number 
of lactating cows, milk yields, milk prices, intake of feeds, and costs of feeds. Calculated data included costs of 
various feeds as percentage of total feed costs, costs of various feeds as percentage milk prices, and milk yields from 
various feeds as percentage of daily milk yields. The data were analyzed using general linear procedures in SAS. The 
mean total cost of feeding a dairy cow was KES 97.15 out of which 65.74% was attributed to cost of concentrates. 
The total feed costs per cow was highest in Machakos and lowest in Nandi whereas the cost was highest under stall- 
feeding than under the other feeding systems (P < 0.05). The mean milk price per kg was KES 32.72 and the total feed 
costs accounted for 42.29% of the price. Milk prices were highest in Siaya and lowest in Murang’a and total feed costs 
as percentage of milk prices were highest in Murang’a and lowest in both Nandi and Siaya (P < 0.05). The total feed 
costs as percentage of milk prices were higher under stall-feeding & gazing system than under stall-feeding system 
(P < 0.05). Mean daily milk yield was 7.72 kg per cow of which 51.88% was produced from roughages. The highest 
milk yield was in Machakos and the lowest in Siaya, while stall- feeding system had the highest and grazing system 
the lowest milk yields (P < 0.05). Results indicate that cost of feeds, milk price and milk yields significantly differed 
among the counties and dairy feeding systems. 

Introduction
Dairy farming in Kenya is dominated by smallholder 
production systems characterized by rapid expansion, 
driven mainly by the urban milk demand and the 
opportunities to generate income. The country’s mean 
per capita milk consumption is about 90 litres annually 
which is below the 200 litres recommended by World 
Health Organization (Land ‘o’ Lakes, 2010). About 80 
% of the dairy cattle are found on smallholder farms 
(approximately two to three hectares) in the high rainfall 
areas and produce about 80 % of the marketed milk 
(GoK, 2010a; Omore et al., 1999).

Dairy production systems in the smallholder farms are 
mainly intensive in nature. On average, a farmer keeps 
about two to three pure and/or cross-bred mature cows 
under “zero-grazing” whereby the cattle are confined 
in a shelter and provided with feeds (Bebe et al, 2003). 
The feeds include roughages, concentrates and minerals 
(Paterson et al., 1998). Over the years, significant 
changes in the traditional dairying have occurred 
resulting in a major shift towards market-oriented 
smallholder production. 

Modernization and commercialization of smallholder 
dairy farming can raise household incomes and food 

security and contribute towards achieving Vision 2030 
(GOK, 2007). One avenue of transformation is through 
development, evaluation and dissemination of cost-
effective feed technologies that increase milk productivity 
per animal and/or reduce the cost of milk production. 
Some of the cost-effective feed technologies include the 
use of quality and inexpensive fortified feeds in dairy 
cattle rations (Kariuki et al., 2008; Muia 2008). Use 
of such technologies will make the smallholder dairy 
farmer competitive and enhance rural farm incomes and 
household food security. 

An opportunity exists to increase dairy production due 
to the high demand for milk and dairy products from 
domestic and regional markets. However, expensive 
feed resources, particularly commercial concentrates and 
minerals are among the major challenges experienced by 
dairy farmers resulting in low levels of supplementation. 
Consequently, milk production is low resulting in food 
insecurity, poverty and low income at farm level. 
For sustainable commercial dairy farming, farmers must 
make profits and for this reason information on costs 
of dairy production and prices of milk and other dairy 
products is required. Such information would be useful in 
decision making and policy formulation by government 
and other stakeholders involved in the dairy industry. 
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For this reasons, a baseline survey was conducted in five 
counties to establish the costs of dairy feeds, milk prices 
and levels of milk production.

Materials and methods
Study sites
The target counties were Nandi, Bungoma, Murang’a, 
Machakos and Siaya. The counties were selected as 
described in the sampling design. The background 
information and statistics of the target counties are 
provided in Table 1.

Table 1. Background information of selected dairy cattle farming counties in Kenya
County   Area (km2) a Population a Density (P/km2) a Poverty index b

Nandi   2,884  752,965  261   47.4
Bungoma  3,593  1,630,934 454   52.9
Muranga  2,559  942,581  368   29.9
Machakos  6,208  1,098,584 177   59.6
Siaya   2,530  842,304  333   35.3
Source: a based on 2009 population census (GoK, 2010b);  b based on 2005/2006 Kenya integrated household baseline 
survey (KNBS, 2006)) 

Data collection tool 
The data collection tool (questionnaire) was developed 
to obtain existing information on dairy farming in the 
selected counties. The questionnaire was discussed 
amongst project collaborators, pre-tested and the 
necessary amendments incorporated. The design of 
the data collection tool was such that it was possible to 
systematically collect all the information required to 
achieve the objectives of the study. The questionnaire 
was designed to capture household data including size of 
farms, herd sizes, number of lactating cows, milk yields, 
milk prices, intake of feeds and costs of feeds.

Sampling design
Multi-stage sampling procedure was employed in 
selecting the respondents for the study;

• Stage 1: Five counties were purposively selected to 
ensure representation of the dairy producing areas  in 
Kenya.

• Stage 2: Three sub-counties in each county, except 
Nandi which had one sub-county, were selected 
based on agricultural potential, various dairy 
feeding systems, diverse agro-ecological zones and 
accessibility. Selection of sub-counties was done 
based on the Farm Management Handbook of Kenya 
(Jaetzold and Schmidt, 1982)

• Stage 3: Five villages within each sub-county were 
selected purposively based on availability of record on 
dairying households. In Nandi however, 15 villages in 

the selected sub-county were purposely selected.
• Stage 4: Twenty farmers within each villages were 
targeted for selection at random from a sampling 
frame earlier prepared by frontline agricultural 
extension workers using membership records from 
dairy cooperative societies, common interest groups, 
community based farmer organizations and Farmer 
Field Schools.

The numbers of households (mean of 211,000 per county) 
were estimated from the population figures (Table 1) 

assuming mean family size of 5 per household. A table 
was used to obtain required sample size from population 
of households per county (Israel, 2009). The sample 
size was selected based on ± 5% precision level, 95% 
confidence level, and 0.5 as proportion of attribute that 
is present in the population. Based on this information, 
the required sample size for all counties was about 
1,500 households. However, 1,409 households were 
interviewed due to various logistic constraints during the 
survey. 

Data collection technique
The enumerators were trained on how to interview 
household heads or their representatives with 
knowledge of the household and fill the questionnaires. 
The enumerator orally interviewed the respondents 
individually and filled the semi-structured questionnaire. 
In order to obtain answers to some of the sensitive 
questions, enumerators used indirect rather than direct 
questioning where same questions were asked but in 
different ways to ensure the answers provided by the 
respondents were reliable. Most of the questions were 
closed with pre-categorized answers for the respondents 
to choose from. However, other questions were open-
ended which required the enumerators to fill the spaces 
provided in the questionnaire during the interviews. 
 
Estimation of parameters
Research and experience indicates a daily dry matter 

MUIA, KARIUKI, KANEGENI  AND NGAE



�87

intake of 3.5% of body weight should be achieved five 
weeks after calving for optimum performance in high 
yielding dairy herds (AHDB, 2013). However, since 
dairy herds in Kenya are low yielding, daily dry matter 
intake was assumed to be 3% of 400 kg cow, which 
amounted to 12 kg of dry matter. The intake of roughages 
was obtained as the difference between the daily feed 
intake and intake of concentrates. Also, costs of feeds 
per cow were estimated from their unit costs and feed 
intake. Milk yield responses ranging from 1.0 to 2.0 kg 
per kg of concentrates have been achieved depending 
mainly on cattle factors such as stage of lactation, genetic 
potential for milk production, feeding level in relation to 
milk production potential, heat stress, and , milk prices, 
and feedstuffs factors including intakes and qualities 
of roughages and concentrates, substitution rate of the 
concentrates for the roughages, optimum amounts of 
energy in relation to protein, and feed costs versus milk 
prices (Peyraud, 2001). Due to poor quality of roughages 
and concentrates, and low milk yields, milk responses 
under smallholder farms was therefore assumed to be 1.5 
kg per kg concentrate. Milk yield from roughages was 
estimated as the difference between daily milk yield per 
cow and milk yield from concentrates.  

Data analysis
Data on cost of various feeds and their percentages to 
costs of all feeds, milk prices and percentages of feed 
costs to milk prices, and yields from various feeds and 
their percentages to daily milk yields per cow were 
analysed using the General Linear Model in SAS (2001). 
Means of the data among counties and dairy feeding 
systems were separated by PDIFF test statistics in the 
Least Squares Means statement.

Results and discussion
Descriptive statistics of survey data
The total responses in this report were less than the 1,409 
households interviewed because enumerators did not get 
responses for some of the intended questions (missing 
values), some questionnaires were spoiled and some 
questions had incorrect responses. Descriptive statistics 
of some of the survey data are shown in Tables 2 and 3.
The smallholders’ mixed farming in Kenya involves 
growing of both cash and food crops and also livestock 
keeping. The mean farm size was 6.15 acres (Tables 2 
and 3), which was higher than the 4.4 acres in a previous 
survey report (Wambugu et al. 2011). Assuming that 
about 4.0 acres of the farm were under crops, only 
about two acres were available for grazing and fodder 
production.  With a mean herd size of 3.96 cattle per 
farm, it was evident that the farms were overstocked 
and could not provide adequate roughages for both 
maintenance of dairy cattle and milk production for 
commercial purposes. 
  
The lactating cows as percentage of the herd size of 
42.56% was acceptable under the prevailing small-scale 
levels of dairy cattle management. However, this differed 
from calculated percentage of lactating cows to herd size 
of 66.7% (Wambugu et al. 2011) for farms most likely 
under better management in the milk sheds in Kenya. The 
mean daily intakes of roughages and concentrates were 
9.54, and 2.46 kg per cow, respectively whereas the daily 
mean intake of minerals per cow was 77.26 g. 

The mean costs per kg of roughages, concentrates and 
minerals were KES 2.38, 27.36, and 88.31, respectively. 
In Nandi and Siaya, dairy cattle were fed mainly on 

Table 2. Descriptive statistics of the survey data in the selected dairying county in Kenya
Variable   Nandi Bungoma Murang’a Machakos Siaya Mean S.E.
Responses (n)   76 72  144  187  42 521 -
Size of farm (acres)  5.75 6.63  5.82  6.01  8.00 6.15 0.117
Herd size   5.32 4.73  3.19  3.99  2.90 3.97 0.136
Lactating cows (no.)  2.01 1.72  1.50  1.81  1.11 1.69 0.044
Roughage intake (kg/cow/day) 10.44 9.59  9.34  9.16  10.18 9.54 0.055
Concentrate intake (kg/cow/day) 1.56 2.41  2.66  2.84  1.82 2.46 0.055
Mineral intake (g/cow/day) 73.36 73.61  77.12  86.63  49.29 77.26 1.246
Roughages cost (KES/kg) 1.50 2.00  2.50  3.00  1.50 2.38 0.025
Concentrates cost (KES/kg) 22.73 26.54  27.61  28.18  32.67 27.36 0.171
Minerals cost (KES/kg)  83.22 90.80  89.69  87.04  94.17 88.31 0.579
85KES = 1US$
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Table 3. Descriptive statistics of the survey data for the various dairy feeding systems
Variable    SF  SF&G  Grazing  Mean  S.E.
Responses (n)    293  160  68  521  -
Size of farm (acres)   6.03  6.40  6.09  6.15  0.117
Herd size    3.50  4.19  5.55  3.97  0.136
Lactating cows (no.)   1.61  1.73  1.94  1.69  0.044
Roughage intake (kg/cow/day)  9.18  9.89  10.26  9.54  0.055
Concentrate intake (kg/cow/day) 2.82  2.11  1.74  2.46  0.055
Mineral intake (g/cow/day)  77.95  76.69  75.59  77.26  1.246
Roughages cost (KES/kg)  2.59  2.19  1.96  2.38  0.025
Concentrates cost (KES/kg)  28.01  27.28  24.76  27.36  0.171
Minerals cost (KES/kg)   89.05  76.69  87.54  88.31  0.579
SF, stall-feeding, SF&G; stall-feeding and grazing; 85KES = 1US$

roughages and less on concentrates. Costs of roughages 
were relatively higher in Machakos and Muranga than in 
the other counties because farmers depended mainly on 
expensive purchased grass hay. The cost of concentrates 
in Nandi was relatively lower than in the other counties 
because home-made maize flour and other farm by-
products were mixed with purchased concentrates.

Considering the herd size and acreage under pastures 
and fodders, and assuming cattle depended mainly on 
roughages from the farm, underfeeding was common 
and was more severe under grazing system (Table 3). 
The lactating cows as percentage of herd sizes were 
46.00%, 41.29%, and 34.95% under stall-feeding (SF), 
stall-feeding & grazing (SF&G), and grazing systems, 
respectively.  As intakes of roughages tended to increase, 
intakes of concentrates tended to decrease from SF to 
grazing systems. However, costs of both roughages 
and concentrates tended to decrease from SF to grazing 
systems.

Cost of dairy feed resources
The costs of various dairy cattle feeds as percentages 
of total feed costs among the counties are shown in 

Table 4. The mean total cost of feeding a dairy cow was 
KES 97.15 per day, and 65.74%, 26.52% and 7.74 % 
of the cost was attributed to concentrates, roughage and 
minerals, respectively. Concentrates accounted for the 
highest percentage of total feed costs because of their 
higher costs as compared to roughages and higher intake 
as compared to minerals (Tables 2 and 3). 

This observation was in agreement with previous survey 
reports by Karanja (2003) and Wambugu et al. (2011) 
that showed purchased feeds constituted the highest 
proportion of cost of milk production.  Total feed cost 
was highest in Machakos and lowest in Nandi (P < 
0.05). The high total feed costs in Machakos would be 
attributed to shortage of natural pastures and fodders 
due to inadequate rainfall. Farmers in this county fed 
dairy cattle mainly on purchased expensive roughages 
and concentrates (Table 2).  On the other hand, due 
to the favourable weather conditions for pasture and 
fodder production in Nandi, cows were fed mainly on 
in-expensive natural pastures throughout the year but 
supplementation with purchased concentrates was at low 
rates (Table 2). 

Table 4. Least square means of costs of dairy cattle feeds in the selected county in Kenya
Variable     Nandi    Bungoma Murang’a Machakos Siaya Mean S.E.
Responses (n )     76     72  144  187  42 521 -
Roughages cost (KES/cow/day)   15.58d      19.35c 24.08b  28.01a  15.58d 22.48 0.132
Concentrates cost (KES/cow/day) 40.61c    59.97b 65.09b  73.98a  56.02b 67.90 1.469
Minerals cost (KES/cow/day)   5.98c      6.72bc 6.95b  7.60a  4.70d 6.77 0.110
TFC (KES/cow/day)     61.87d    86.04c 96.11b  109.59a  76.31c 97.15 1.360
Roughages cost per TFC (%)   29.21a      25.22b 28.37a  29.47a  23.34b 26.52 0.483
Concentrates cost per TFC (%)   59.88b      66.82a 63.90b  62.82b  69.96a 65.74 0.575
Minerals cost per TFC (%)   10.91a        7.96b 7.73b  7.71b  6.70b 7.74 0.153
Figures in a row bearing different superscripts are significantly different (P < 0.05); TFC, total feed cost; 85KES = 
1US$
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The costs of feeds among the various dairy feeding 
systems are shown in Table 5. The total feed cost and 
cost of concentrate as percentage of total feed cost was 
highest under SF than the other feeding systems (P <0.05) 
which was in agreement with the observations by Karanja 
(2003). This could be explained by the highest cost of 
concentrates under SF than the other feeding systems (P 
< 0.05). However, the cost of roughages as percentage 
of total feed cost was highest under grazing than the 
other feeding systems (P < 0.05). This was because of 
the observed both lowest total feed cost and cost of 
concentrates and the highest cost of roughages. 

Table 5. Least square means of costs of feeds for the various by dairy feeding systems
Variable    SF  SF&G  Grazing  Mean  S.E.
Responses (n)    293  160  68  521  -
Roughages cost (KES/cow/day)  19.51b  20.62a  21.25a  22.48  0.132
Concentrates cost (KES/cow/day) 70.41a  57.75b  49.24b  67.90  1.469
Minerals cost (KES/cow/day)  6.22a  6.46a  6.49a  6.77  0.110
TFC (KES/cow/day)   96.14a  84.83b  76.98b  97.15  1.360
Roughages cost per TFC (%)  23.61c  27.06b  30.70a  26.52  0.483
Concentrates cost per TFC (%)  69.12a  64.69b  60.22c  65.74  0.575
Minerals cost per TFC (%)  7.27b  8.25a  9.08a  7.74  0.153
Row figures bearing different superscripts are significantly different (P < 0.05); SF, stall-feeding; SF&G, stall-feeding 
& grazing; TFC, total feed cost; 85KES = 1US$

Cost of dairy feeds in relation to price of milk
The costs of feeds as percentage of milk prices among 
counties are shown in Table 6. The costs per kg milk for 
total feed, concentrates, roughages, and minerals were 
KES 13.08, 8.44, 3.59, and 1.06, respectively. The cost 
per kg of milk for total feed was lowest in Nandi due to 
the relatively lowest cost of roughages and concentrates 
as compared to the other counties. The mean milk price 
per kg was KES 32.72, of which 42.29%, 27.13%, 
11.71% and 3.46% of the price was accounted for by 
costs of total feed, concentrates, roughages and minerals, 
respectively. In a previous survey by Wambugu et al. 
(2011), mean milk  price per litre under SF system was 
KES 27.94, whereas 41.16%, 26.37%, 8.87%, and 5.93 
% of the price was accounted for by costs of total feeds, 
concentrates, roughages and minerals, respectively which 
was comparable with the values obtained in this report.  
 The costs of total feeds and concentrates as percentage 
of milk prices were highest in Murang’a mainly because 
of the lowest milk prices. On the other hand, costs of 
total feeds and concentrates as percentage of milk prices 
were lowest in Nandi as a result of the observed lowest 
total feed cost and also in Siaya due to the observed 
highest milk prices. The cost of roughages as percentage 

of milk prices were highest in Machakos and Muranga as 
compared to the other counties (P <0.05).

This was mainly due to the relatively higher costs of 
roughages in Machakos (KES 3.00 per kg) and Muranga 
(KES 2.50 per kg) as compared to the other counties. 
The costs of various feeds and their costs as percentages 
of milk prices among dairy feeding systems are shown 
in Table 7. The highest cost of roughages under grazing 
system was as a result of the highest intake among the 
dairy feeding systems (Table 3). However, the total feed 
costs did not differ among the dairy feeding systems (P 

> 0.05). Milk price was highest under SF and grazing 
system than SF&G systems (P < 0.05). However, highest 
milk price was reported under SF than the other feeding 
systems by Karanja (2003).

The total feed cost as percentage of milk price was 
highest under SF&G than under SF systems (P < 
0.05). This was probably because of the highest cost 
of roughages and minerals and lowest price of milk as 
compared to the SF system. 

The feed cost as percentage total cost of milk production 
of 66% was reported by Land ‘o’ Lakes (2008) which 
was not related to milk price. However, the 42% value 
obtained from this report was based on milk price but 
other variable costs such as labour, breeding, health 
care, water, and other insignificant costs were not 
included when computing the costs. Feed costs make 
up 50 to 60% of the entire variable (day to day) costs in 
smallholder dairy farms, so are an important contribution 
to the overall costs of milk production (Moran,  2009). 
However, the high costs of feeds in relation to milk price 
in this report may be a pointer to the sub-optimal levels of 
supplementation and the high dependence on inadequate 
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and poor quality roughages resulting in underfeeding of 
dairy cattle and hence low milk production. 

When cows are underfed, they are likely to lose body 
condition score, will not be able to reach their milk 
yield potential, and will take time to their first oestrus 
after calving unless supplements are offered. The cost of 
feeds is likely to be higher when cows are fed adequate 
and good quality roughages and at optimal levels of 
supplementation. Consequently, high cost of feeds will 
decrease net milk income particularly when milk prices 
are not favorable. However, better milk prices would 
trigger improved management including optimal feeding 
of dairy cattle and better health care.  

Levels of milk yields
The levels of milk yield and the contributions of various 
feeds to daily milk yield (DMY) among the counties are 
shown in Table 8. The mean DMY was 7.72 kg per cow, 
of which 51.88% and 48.12 % of the yield was from 
roughages and concentrates, respectively. The mean 
DMY in this report was lower than the DMY of 8.60 kg 

per cow reported by Land ‘o’ Lakes (2008). Survey data 
by Omore et al. (1999) and Karanja (2003) indicated 
DMY ranging from 5.0 to 10.0 kg per cow.

However, a survey by Wambugu et al. (2011) reported 
higher mean DMY of 13.7 kg per cow among milk 
shed regions of the country.  The DMY was highest 
in Machakos as compared to the other counties (P 
<0.05) which was due to the relatively higher rates of 
concentrate supplementation (Tables 2). However, milk 
yield from roughages as percentage of DMY was lowest 
while milk yield from concentrates as percentage of DMY 
was highest in Bungoma as compared to other counties 
(P < 005). This could be attributed to the relatively lowest 

cost and intake of the roughages in Bungoma than in the 
other counties (Table 2). 

The levels of milk yields and the contributions of various 
dairy feeds to DMY among the dairy feeding systems 
are shown in Table 9. The milk yields from roughages, 
concentrates, and DMY were highest under SF and 

Table 6. Least square means of cost of feeds and milk price in the selected counties in Kenya
Variable   Nandi Bungoma Murang’a Machakos Siaya Mean S.E.
Responses (n)   56 64  104  150  25 399 -
Roughages cost  (KES/kg milk) 2.69c 3.27b  3.89b  4.55a  2.92bc 3.59 0.130
Concentrates cost (KES/kg milk) 5.65b 8.98a  8.61a  8.95a  9.11a 8.44 0.140
Minerals cost (KES/kg milk) 1.03a 1.09a  1.12a  1.22a  0.92a 1.06 0.038
Total feed cost (KES/kg milk) 9.36b 13.35a  13.62a  14.73a  12.94a 13.08 0.235
MP (KES/kg)   29.19c 36.90b  25.07d  35.27b  43.51a 32.72 0.323
Roughages cost per MP (%) 9.50b 10.53b  15.13a  13.30a  6.77b 11.71 0.423
Concentrates cost per MP (%) 19.86c 27.29b  34.28a  25.80b  21.01c 27.13 0.508
Minerals cost per MP (%) 3.56ab 3.59a  4.32a  3.52b  2.10c 3.46 0.129
Total feed cost per MP (%) 32.92c 41.41b  53.73a  42.62b  29.88c 42.29 0.862
Row figures bearing different superscripts are significantly different (P < 0.05), MP, milk price, 85KES = 1US$

Table 7. Least square means of cost of feeds and milk prices for the various dairy feeding systems
Variable    SF  SF&G  Grazing  Mean  S.E.
Responses (n)    231  112  56  399  -
Roughages cost (KES/kg milk)  2.92b  3.54ab  3.93a  3.59  0.130
Concentrates cost (KES/kg milk) 8.32a  8.25a  8.20a  8.44  0.140
Minerals cost (KES/kg milk)  0.90b  1.15a  1.18a  1.06  0.038
Total feed cost  (KES/kg milk)  12.14a  12.94a  13.32a  13.08  0.235
MP (KES/kg)    35.05a  31.96b  34.96a  32.72  0.323
Roughages cost per MP (%)  9.15b  12.09a  11.89a  11.71  0.423
Concentrates cost per MP (%)  25.09a  27.54a  24.32a  27.13  0.508
Minerals cost per MP (%)  2.80b  3.92a  3.53ab  3.34  0.129
Total feed cost per MP (%)  37.04b  43.55a  39.74ab  42.29  0.862
Row figures bearing different superscripts are significantly different (P < 0.05); SF, stall-feeding; SF&G, stall-feeding 
& grazing; MP, milk price; 85KES = 1US$ 
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lowest under grazing system (P < 0.05). Highest DMY 
under SF as compared to the other feeding systems was 
also reported previously (Karanja, 2003; Wambugu et 
al. 2011). The highest milk yield from concentrates and 
DMY under SF system could be attributed mainly to the 
highest rates of concentrate supplementation as compared 
to the other feeding system (Table 3). The higher milk 
yield from roughages under SF than the other feeding 
systems could possibly be explained by high intake of 
good quality roughages. The milk yields from roughages 
and concentrates as percentages of DMY were highest 
under SF than SF&G system (P < 0.05 which could be 
explained by the high quality of roughages and high 
levels of concentrates supplementation under SF.

 High investments in dairy production under SF system 
includes improved fodder production, high levels of 
supplementation, adoption of modern technologies for 
production, high yielding dairy breeds, and adequate 
animal disease control measures. On the other hand, free 
grazing is considered as a low input production system 
and when size of farm in not a limitation, cows have the 
opportunity to select more nutritious pastures resulting 
in high milk yields. This scenario is not common under 
small-scale farm in our country. However, under small-
scale farms, grazing cows spend some of the energy 
meant for milk production while walking, have no 
opportunity to select more nutritious pastures due to 

overstocking, are exposed to various animal diseases and 
experience feed shortages during the dry seasons which 
affect milk yield negatively. 

The survey clearly indicated that dairy farmers in 
Kenya have adopted minimal supplementation of 
dairy cattle as a coping strategy to the high cost of 
commercial concentrates. As a consequence, milk yields 
have remained low over years despite the enormous 
research and extension efforts. High cost of commercial 
concentrates, low levels of supplementation, and low 
milk prices have also been associated with low milk 
yields in Kenya (FAO, 2011). From the five counties 
surveyed, only about 12% of smallholder farmers were 

undertaking dairy farming as a business because they 
were supplementing cows optimally, fed adequate 
roughages and achieved daily milk yield levels in excess 
of 10 kg per cow. Milk prices, dairy breeds, ease of milk 
delivery to markets and terms of payment to farmers may 
play a significant role on levels of management, including 
feeding and milk production on smallholder farms. 

At current costs of commercial dairy feeds, any attempt to 
increase milk yield by increasing rates of supplementation 
would increase cost of feeding in relation to milk price 
over the levels indicated in this report. To overcome 
this challenges, research technologies needs to explore 

Table 8. Least square means of milk yields from various dairy feeds in relation to daily milk yield in the selected 
counties in Kenya
Variable   Nandi Bungoma Murang’a Machakos Siaya Mean S.E.
Responses (n)   128 105  166  203  108 710 -
Roughage milk (kg/cow/day) 4.07a 3.32bc  4.01ab  4.45a  3.17c 4.20 0.103
Concentrates milk (kg/cow/day) 2.74c 3.42b  3.29b  3.86a  2.76c 3.52 0.065
DMY (kg/cow/day)  6.80bc 6.74bc  7.29b  8.30a  5.93c 7.72 0.142
Roughages milk per DMY (%) 56.00a 47.53b  52.03a  52.31a  51.85a 51.88 0.601
Concentrate milk per DMY (%) 44.00b 52.47a  47.97b  47.69b  48.15ab  48.12 0.601
Figures in a row and bearing different superscripts are significantly different (P < 0.05); DMY, daily milk yield

Table 9. Least square means of milk yields from various feeds in relation to daily milk yield under the various dairy 
feeding systems
Variable    SF  SF&G  Grazing  Mean  S.E.
Responses (n)    382  218  110  710  -
Roughages milk (kg/cow/day)  4.50a  3.89b  3.01c  4.20  0.103
Concentrates milk (kg/cow/day)  3.91a  3.02b  2.71b  3.52  0.065
DMY (kg/cow/day)   8.41a  6.91b  5.72c  7.72  0.142
Roughage milk per DMY (%)  50.49a  53.92b  51.43ab  51.88  0.601
Concentrates milk per DMY (%) 49.51a  46.08b  48.57ab  48.12  0.601
Figures in a row and bearing different superscripts are significantly different (P < 0.05); SF, stall-feeding; SF&G, 
stall-feeding and grazing; DMY, daily milk yield
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and target various alternative and in-expensive energy- 
and protein-rich feed resources including herbaceous 
legumes and fodder trees to reduce cost of feeding dairy 
cattle. Additionally, capacity building through training 
of extension workers and organized farmer groups on 
value addition to raw milk and on formulation of cost-
effective and nutrient balanced dairy rations should 
be prioritized within research and extension strategic 
plan and policy documents. The training should first be 
targeted farmers groups already practicing dairying as a 
business (model farmer groups) so that other farmers still 
under subsistence levels of production may learn from 
them.  This will impact positively on competitiveness 
and profitability of dairy farming and thus enhance the 
envisaged change from subsistence to commercial dairy 
farming in Kenya. 

Conclusion and way forward
The results of this survey indicate that costs of feeds, 
prices of milk and milk yields varied among counties 
and dairy feeding systems. Low milk yields under 
small-scale farms were based mainly on roughage with 
very low levels of supplementation due to high costs 
of concentrates in relation to milk price. The cost of 
feed as percentage of milk price was lower while daily 
milk yield was higher under SF than SF&G systems. 
Research and extension efforts on improved technologies 
including value addition to raw milk and use of cost-
effective home-made dairy rations should be directed 
towards farmers groups already involved in dairying as a 
business. Also, milk prices need to be pegged on the costs 
of production while prevailing taxes on imported animal 
feeds should be waived to encourage more investment in 
dairy farming.
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Abstract
A study was undertaken between March and May 2012 in Ada’a and Lume districts of East Shoa Zone, Ethiopia to 
understand factors affecting, and level of, adoption of dairy technologies. The data was collected using purposive 
sampling method through structured questionnaire from 108 households, who participate in small-scale dairy farming. 
Religion was among the factors affecting consumption of dairy products where more than 85% of the households 
in both districts were Orthodox Christians who fast about 200 days a year. About 80% of the household heads had 
secondary school education or below and this implies that dairy production can be used as employment and income 
generation opportunity. Almost 75% of the farms in Ada’a and 61% in Lume were established between 1989 and 2008 
following the free market and market liberalization policy in the country. With regard to herd composition except for 
the bulls in Ada’a district the herd is dominated by dairy cattle having >50% crosses with mostly Holstein Friesian. 
There was increased adoption of cross-breeding, improved feed, health management and husbandry technologies 
between 1991 and 2000 due to the favorable policy environment created for private investment and improvement 
in input and service availability. Majority (58% in Ada’a and 47% in Lume) of dairy producing households started 
their production by acquiring heifers. The mean cost of a heifer in Ada’a and Lume districts was 1996.7±171.7 and 
2968.0±430.9, while the cost of a cow was 2964.6±377.2 and 4187.9±794.5 birr, respectively. 

Introduction
Ethiopia has large potential for dairy production development 
due to the country’s favorable climate, which supports use of 
improved, high-yielding animal breeds and offers a relatively 
disease-free environment for livestock development. However 
dairy productivity has remained low.

UNIDO (2009) indicated that the adoption of modern dairying 
started in the early 1950 after Ethiopia received 300 Friesian 
and Brown Swiss dairy cattle in 1947 from the United 
Nations Relief and Rehabilitation Administration (UNRRA). 
Currently the total cattle population is estimated to be about 
53.9 million (CSA, 2013), out of which female cattle (cow or 
heifers) constitute about 55.4 percent. About 98.95% of the 
total cattle are local breeds and the remaining are crosses and 
exotic breeds (CSA, 2013).  Of the crosses, F1s are found in 
areas where there is higher prevalence of diseases and feed 
scarcity. On the other hand, in urban and peri-urban areas of the 
country, due to the availability of commercial feeds and other 
inputs such as veterinary services, it is usual to see grade dairy 
animals having more than 75% exotic blood level. Producers in 
these areas have better understanding of dairy husbandry and 
management (Land O’Lakes, 2010). The production system is 
market oriented. 

Apart from breeding, different dairy technology and innovation 
packages focusing on management, husbandry, feeds and 
feeding and health have been developed and introduced to 
optimize the production as well as reproduction potential of 

the indigenous and/or crossbred dairy animals. Although these 
intervention methods can result in improvement of productivity 
and reproduction efficiency of dairy animals, adoption status 
of the technologies is not well studied and documented. Such 
information can be used as a tool for policy formulation and 
production improvement interventions in the dairy sector 
(breeding, marketing, health and other segments of the sector). 
Therefore, the objective of this study was to assess the level of 
adoption and factors affecting adoption of dairy technologies in 
Ada’a and Lume Districts. 

Materials and methods
The study was conducted in Ada’a and Lume districts of East 
Shoa Zone, Oromiya Region, Ethiopia which are found in the 
South East of Addis Ababa. These districts were selected due 
to their relative potential for dairy production and their relative 
proximity to the technology generating and disseminating 
institutions such as research, higher institutes of learning, 
vaccine producing and feed processing institutions. 

After identification of the available technologies and 
innovations, lists of dairy producers having at least one 
crossbred dairy animals were used to select respondent farmers. 
From the available lists a random sampling technique was 
employed to select 72 producers from Ada’a and 36 from 
Lume. A structured questionnaire was prepared and tested in 
a pilot area to make necessary adjustments before the actual 
data collection. A face-to-face interview method was employed 
to collect the data. Descriptive statistics like mean, standard 
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deviation and frequency distribution were used to describe the 
household characteristics using Statistical Package for Social 
Sciences (SPSS, 2011). For quantitative data the General 
Linear Model (GLM) of the Statistical Analysis System (SAS) 
was employed (SAS, 2002). Means within the same category 
were separated using the Least Significant Difference (LSD).

Results and discussion
Religion of the household
The majority (87.5% in Ada’a and 91.4% in Lume) of 
household heads were Orthodox Christians followed by 
Protestants and Muslims in Ada’a and Muslims and Catholics 
in Lume districts, respectively (Table 1). 

Educational levels of the household head
Figure 1 presents educational status of dairy farm owners in 
Ada’a and Lume districts. In both districts the proportion of 
dairy farm owners who completed secondary school was higher 
than the rest of education levels. The majority of owners (82% 
in Ada’a and 88.9% in Lume) had completed either secondary 
school education or below. 

Family size
There was no significant difference in the mean family size 
(P>0.05) (Table 2). 
The mean family size in Ada’a and Lume districts was 
5.82±0.324 and 5.33±0.367, respectively. 

History of dairy production
Most (75%) of the farms in Ada’a and 61% in Lume were 
established between 1989 and 2008 (Fig. 2) after the free 
market and market liberalization policy after the fall of the 
Derg regime. 

Herd composition
Except for the bulls in Ada’a district the herd was dominated by 
dairy animals having >50% exotic blood level most importantly 
by Holstein Friesian (Table 3). All of the surveyed households 
had at least one crossbred dairy animal. The average number 
of heifers and cows having >50% exotic blood level in Ada’a 
and Lume districts were 0.99±0.132 and 2.04±0.243 and 
0.72±0.152 and 1.19±0.168, respectively. Except for local 
bulls the average number of other classes of dairy animals with 

Table 1. Religion of household head in Ada’a and Lume districts
Study district  Orthodox Catholic  Muslim  Protestant Total
Ada’a N   63 (87.5) 0   1(1.4)  8 (11.1)  72 (100)
Lume N  32 (91.4) 1(2.9)  2 (5.7)  0  35(100)
Total N  95 (88.8) 1(0.9)  3(2.8)  8(7.5)  107(100)
N= number of respondents; Numbers in parentheses are percentages

different exotic blood level in Ada’a district was greater than 
that of Lume.  

Adoption of different dairy technologies .
Breeding, feed, health management and husbandry technologies 
were among the widely adopted technologies in Ada’a and 
Lume districts (Table 4). However, breeding technologies are 
the most adopted technology in both districts.
Majority of dairy animal owners in both districts adopt cross 
bred dairy animals between 1991 and 2000 following the free 
market and market liberalization policy after the fall of the 
Derg regime. 

Like that of the breeding technology; adoption of feed, health 
management and husbandry technologies were great between 
1991 and 2000.

Cost of heifer and cow 
There was significant difference (P<0.05) in the cost of heifer 
during adoption year between Ada’a and Lume districts; 
however, the cost of cow during adoption was insignificant 
(P>0.05) (Table 5). The mean costs of heifer and cow in 
Ada’a and Lume districts were 1996.67±171.704 and 
2964.58±377.221 and 2968±430.861 and 4187.86±794.476 
birr, respectively.

Type of dairy animals in the two districts
Figure 3 shows the type of dairy animal  adopted by new dairy 
producers in Ada’a and Lume districts. The majority (58% in 
Ada’a and 47% in Lume) of milk producing households in both 
districts started their dairying by adopting crossbred heifers. 
The proportion of households who started their dairying with 
mature cow in Ada’a and Lume districts were 34.8% and 8.9%, 
respectively. Insignificant proportion of households started 
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Table 2.  Family size of household in Ada’a and Lume districts
Study district N Min. Max. Mean SE
Ada’a  72 1 17 5.82a 0.324
Lume  36 2 12 5.33a 0.367
Column means designated by different superscript letters are 
significantly different from each other at P < 0.05; N= number 
of respondents; SE=Standard error
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Table 3. Herd composition in Ada’a and Lume districts
Study district Blood level  N Mean S.E
Ada’a  Local calves 72 0.11 0.058
  50% calves 72 0.08 0.043
  > 50% calves 72 0.89 0.123
  Local heifers 72 0.06 0.027
  50% heifers 71 0.20 0.100
  > 50% heifers 71 0.99 0.132
  local cows 71 0.10 0.041
  50% cows 72 0.39 0.104
  > 50% cows 72 2.04 0.243
  Local bulls 72 0.13 0.068
  50% bulls 72 0.00 0.000
  > 50% bulls 71 0.11 0.038
Lume  Local calves 35 0.03 0.029
  50% calves 36 0.11 0.053
  > 50% calves 36 0.78 0.174
  Local heifers 36 0.03 0.028
  50% heifers 36 0.06 0.039
  > 50% heifers 36 0.72 0.152
  local cows 36 0.08 0.047
  50% cows 36 0.56 0.286
  > 50% cows 36 1.19 0.168
  Local bulls 36 0.00 0.000
  50% bulls 36 0.06 0.039
  > 50% bulls 36 0.08 0.047
% indicates exotic blood level; N= number of respondents; SE= 
Standard error

 

Fig. 1. Educational level of household head in Ada’a and Lume districts 
Fig. 1. Educational level of household head in Ada’a and Lume districts

their production by adopting either female calves or heifer and 
cow together.

Breeding method 
Both natural mating and Artificial Insemination (AI) were used 

by the majority of households in Ada’a district, whereas in 
Lume AI was the dominant method of breeding (Figure 4). 
Natural mating was practiced by 7% and 5.6% of respondents 
in Ada’a and Lume districts, respectively. The proportion of 
dairy farms using natural mating was insignificant as compared 
to the AI system. 

Discussion 
The higher proportion of Orthodox Christianity did not have an 
impact on the adoption of dairy technologies but on utilization 
of milk and milk products especially during the fasting periods. 
This has also a negative impact in the household nutrition as 
these families usually abstain from consuming milk and milk 
products during fasting periods. UNIDO (2009) reported that 
extended fasting days of Ethiopian Orthodox Christian greatly 
affects the demand for milk in the country. There are about 
200 days of fasting days in the Ethiopian Orthodox Christian 
(Mohammed et al, 2004). 

The correlation of farmer education level to dairy technology 
adoption is similar to other studies in India (S.V. H. V. 
Kamaraddi and D.S.M. Gowda, 2007, Letha, 2013), in Uganda   
Kabirizi et al, (2009) and also in Turkey (Hasan et al., 2008) 
and in Bangladesh (MA Quddus, 2012). However in Ethiopia 
the dairy enterprise is also considered as an employment 
opportunity and income source for those who could not go 
beyond secondary school. 

Family size may have impact on household nutrition with 
regard to consumption of milk and milk products produced 
at the household level. As the family size increases the 
consumption may decrease or priority may be given to 
children, elders or to those who have health problems. On 
the other hand the amount given to one family member can 

Factors affecting Adoption of dairy technologies in Ada’a and Lume Districts in Central Ethiopia
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Table 4. Level of adoption of different dairy technologies in Ada’a and Lume 
Study district Year  Breed    Feed  Health Management   Husbandry 
    50% Crossbred >50% crossbred   
    N (%)  N (%)  N (%)  N (%)  N (%)
Ada’a  1960-1970 1(3.4)  1(1.8)  1(1.5)  3(4.6)  1(1.5)
  1971-1980 3(10.3)  3(5.3)  3(4.5)  1(1.5)  3(4.4)
  1981-1990 9(31)  16(28.6)  8(27.3)  16(24.2)  18(26.9)
  1991-2000 14(48.3)  30(53.6)  33(50)  38(57.6)  33(49.3)
  >2000  2(7)  6(10.7)  11(16.7)  8(12.1)  12(17.9)
  Total  29(100)  56(100)  66(100)  66(100)  67(100)
Lume  1960-1970 -  -  1  -  1
  1971-1980 2(9)  -  -  1(2.8)  -
  1981-1990 -  2(6.9)  2(5.8)  3(8.3)  2(5.7)
  1991-2000 15(68.3)  16(55.2)  18(51.3)  17(47.2)  18(51.4)
  >2000  5(22.7)  11(37.9)  14(40)  15(41.7)  14(40)
  Total  22(100)  36(100)  35(100)  36(100)  35(100)

 

Fig. 2. Dairy farm establishment period in Ada’a and Lume Districts Fig. 2. Dairy farm establishment period in Ada’a and Lume Districts

 

Fig. 3. Type of dairy animal adopted first in Ada’a and Lume districts 
Fig. 3. Type of dairy animal adopted first in Ada’a and Lume districts
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Table 5. Cost of heifer and cow in Ada’a and Lume districts during adoption(Birr)
Study district   N Min Max  Mean  S.E
Ada’a  Heifer  45 110.00 5000.00  1696.67b 171.704
Lume    24 800.00 8250.00  2964.58a 377.221
Ada’a  Cow  16 100.00 6300.00  2968.13NS 430.861
Lume    14 500.00 11000.00 4187.86NS 794.476
Column means designated by different superscript letters are significantly different from each other at P < 0.05; SE = Standard 
Error; N= number of respondents; NS=non significant; 1 USD was equivalent to 18.60 Birr during the study time

be decreased based on the amount of milk produced at the 
household. Moreover, milk may be sold instead of consuming it 
in the household, to raise money   for other household items.
Adoption of dairy production in both districts was mostly 
during the period between 1989 and 2008. This was triggered 
by improved government policies such as Agricultural 
Development Lead Industrialization (ADLI) policy” (Kelay 
2002; UNIDO, 2009), and enhancement of infrastructure 
(utilities) development into peri-urban and rural areas, 
and private sectors involvement in product processing and 
packing.  Adoption of the different dairy technologies were 
high between 1991 and 2000 following the free market and 
market liberalization policy after the fall of the Derg regime 
when there was general improvement in dairy service delivery 
system, and promotion of forage and feed production through 
the improvement in extension service (UNIDO, 2009). Before 
1990 adoption of breeding technologies were minimal in both 
studied districts.

Apart from the above reason the districts are closer to research 
(Debre Zeit, Melkassa and Adami Tulu Agricultural Research 
centers, National Veterinary Institute), and higher learning 
institutions (Addis Ababa University Faculty of Veterinary 
Medicine), which can provide different technological inputs 
and services.  In line with this finding Mwatsuma (2010) 
indicated that distance to the source of technologies has 

significant effect on the adoption of dairy technologies. 
The majority of milk producing households started their 
dairying by adopting crossbred heifers. This might be due 
to the longer production period of heifers and the relatively 
cheaper price as compared to cows. Few of them started 
dairying with cows which might be to use the milk obtained 
from cows as immediate income source for the households. 
Despite the fact that famers new the risks of using natural 
mating, the method was still used, in a few instances due to  
inefficiency of AI technicians, unavailability of AI service at 
the right time and poor communication infrastructures. Kelay 
(2002), Sintayehu et al., (2008), Adebabay (2009) have also 
reported AI problem in different parts of the country. Therefore 
breeding method has an important impact on the adoption and 
sustainability of dairy production activities in both districts. 

Conclusion
In both studied districts there was still no widespread adoption 
of improved dairy technologies, despite several attempts 
to popularize them. Efforts have to in place to increase 
the proportion of crossbred dairy cattle by using several 
modern breeding methods such as Assisted Reproductive 
Technologies that help increasing the efficiency of the AI 
system and strengthening Provision of improved forage seeds 
and veterinary services to the dairy producing households 
should also be given emphasis. Training of milk producing 

 

Fig. 4. Mating system of dairy cattle in Ada’a and Lume districts 
Fig. 4. Mating system of dairy cattle in Ada’a and Lume districts
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households would play important role in the adoption of dairy 
technologies; therefore, emphasis should be given to train milk 
producers on major aspects of dairy production. To fully adopt 
many types of dairy technologies extension service should be 
strengthened in both districts. 

Acknowledgement
The study was made possible through the financial support 
from Eastern Africa Agricultural Productivity Project 
(EAAPP). The authors want to thank Debre Zeit Agricultural 
Research center staffs and the farmers who contributed to this 
study. 

References
Adebabay Kebede. (2009). Characterization of Milk Production 

Systems, Marketing and On- Farm Evaluation of the 
Effect of Feed Supplementation on Milk Yield and 
Milk Composition of Cows at Bure District, Ethiopia. 
Master’s thesis, Univ. Bahir Dar, Ethiopia.

CSA. (2013). Central Statistical Authority. Addis Ababa, 
Ethiopia. 

Halakatti Vijayalaxmi Kamaraddi S. V. and Gowda D. 
S. M. (2007).  Determinants of Adoption of Dairy 
Technologies by rural Women under SGSY Scheme. 
Karnataka J. Agri. Sci., 20(2): (323-325) 2007. 

Hasan Çiçek, Yavuz Cevger, Murat Tandoğan. (2008). Socio-
economic factors affecting the level of adoption of 
innovations in dairy cattle enterprises. Univ Ankara, Vet 
Fac Derg, 55, 183-187, 2008

Kabirizi J., Turinawe A., Ebiyau G., Kigongo J., Akwanga D. 
and Nangooti N. (2009). Proc. 9 African Crop Science 
Conference. Pp: 745 – 749. 

Kelay Belihu. (2002). Analyses of Dairy Cattle Breeding 
Practices in Selected Areas of Ethiopia. PhD dissertation, 
Univ. Berlin, German. 

Land O’Lakes. (2010). Ethiopian Dairy Value Chains, USAID 
CA No. 663-A-00-05-00431-00 Land O’Lakes, Inc. 
IDD.

Letha Devi G. (2013). Adoption of dairy farming technologies 

by livestock farmers. Indian Res. J. Ext. Edu. 13 (2), 
May, 2013

Mohamed A. M. Ahmed, Simeon Ehui, and Yemesrach 
Assefa. (2004). Dairy development in Ethiopia. EPTD 
discussion paper No. 123. International Food Policy 
Research Institute. Washington, DC 20006 U.S.A.

Mwatsuma, Kitti Mwamuye. (2010). Factors influencing 
adoption of dairy technologies in Coast Province, 
Kenya. http://erepository.uonbi.ac.ke:8080/
handle/123456789/5132

Peter Howley Cathal O. Donoghue and Kevin Heanue. (2012). 
Factors Affecting Farmers’ Adoption of Agricultural 
Innovations: A Panel Data Analysis of the Use of 
Artificial Insemination among Dairy Farmers in Ireland 
Journal of Agricultural Science; Vol. 4, No. 6; 2012 
ISSN 1916-9752 E-ISSN 1916-9760 Published by 
Canadian Center of Science and Education

Quddus M.A. (2012).  Adoption of dairy farming technologies 
by small farm holders: practices and constraints. Bang. J. 
Anim. Sci. 2012. 41 (2): 124-135

SAS. (2002). Users Guide. Version 9. Statistical Analysis 
System (SAS) Institute, Inc. Carry, NC.

Sintayehu Yigrem, Fekadu Beyene, Azage Tegegne and 
Berhanu Gebremedhin.  (2008). Dairy production, 
processing and marketing systems of Shashemene–Dilla 
area, South Ethiopia. IPMS (Improving Productivity and 
Market Success) of Ethiopian Farmers Project Working 
Paper 9.  ILRI (International Livestock Research 
Institute), Nairobi, Kenya.

SPSS. (2011). IBM® SPSS® Statistics 20. Statistical 
Procedures for Social Sciences (SPSS) IBM Corp. 
Chicago, USA. 

United Nations Industrial Development Organization 
(UNIDO). (2009). Impact of the Global Economic Crisis 
on Least Developed Country’s Productive Capacities 
and Trade Prospects: Threats and Opportunities. A Case 
Study: the Dairy Sector in Ethiopia. Least Developed 
Countries Ministerial Conference, 3-4 December 2009, 
Vienna International Center, Austria. 

MELESSE, JEMA  AND  MELESSE 



�00

The 1st EAAPP Mini-conference and open day. KARI-Naivasha. 12-15 November 2013

Keeping dairy records among small-scale farmers in Kenya
J.M.K. Muia1, I.W. Kariuki2, N.N. Kanegeni3 and G.N. Ngae2

1Kenya Agricultural Research Institute (KARI), P.O. Box 25-20117 Naivasha
2KARI-Muguga South, P.O. Box 30148-00100 Nairobi

3KARI, Private Bag, Ol Joro Orok
Abstract
Small-scale dairying in Kenya has evolved from subsistence to a commercial and market-oriented enterprise. Keeping 
of dairy records is therefore a pre-requisite in any commercial enterprise for they assist in decision making, dairy 
management, assessing profitability, planning and timely execution of farm operations and activities. A baseline 
survey was therefore conducted in Kenya to assess the status of keeping dairy records, factors associated with records 
keeping, records kept, and the prevailing challenges of keeping records. The data obtained from 1,409 households 
was analysed as counts in contingency tables and chi-square test used to test significance of association. The results 
indicated that 44% of the respondents were keeping dairy records.  Keeping of dairy records was significantly 
(P<0.05) associated with dairy feeding system (18 to 61%), study counties (21 to 63%), milk yield per cow (28 
to 67%), use of sexed semen (47 to 73%), methods of breeding services (21 to 56%), steaming up of cows (22 to 
56%), milk sales (34 to 68%), milk production per household (33 to 65%) and training in farming (24 to 54%). 
Other variables significantly associated with record keeping include agro-ecological zones (23 to 50%), source of 
farm labour (29 to 54%), membership to farmer organizations (29 to 51%), farm management (43 to 62%), price of 
milk (38 to 56%), supplementation strategies (38 to 55%), cattle registration with Kenya Stud Book (44 to 59%) and 
education level (38 to 49%).  The most common records kept were on milk production (44%), breeding (21%) and 
animal health (18%). The indicated challenges of keeping dairy records were lack of skills (44%), laborious (15%), 
lack of knowledge (13%), and lack of time (9%). It was concluded that keeping of dairy records among small-scale 
dairy farmers was low and was influenced by many factors.

Introduction
The dairy industry in Kenya is well developed due to the 
favourable policy and institutional environment, presence 
of significant dairy cattle population, suitable climate 
for forage production and farmers’ long term experience 
in cattle keeping and milk consumption. The population 
of dairy cattle is estimated at 3.8 million (GoK, 2008) 
and about 80% of the cattle are kept by smallholders 
producing 80% of the marketed milk (GoK, 2010a; 
Omore et al., 1999). Annual milk production is estimated 
at 5.2 billion litres (GoK, 2010a). On average, farmers 
keep two to three grade or cross-bred mature dairy cows 
under intensive or semi-intensive production systems 
although a few farmers practice extensive grazing (Bebe 
et al., 2003). The common dairy feed resources include 
forages, crop by-products, and purchased concentrates 
(Paterson et al., 1998). 

Over the years, significant changes in traditional dairying 
have occurred resulting in a major shift towards market-
oriented smallholder milk production. These changes 
have been necessitated by the realization that dairy 
farming needed to be modern and commercial in nature 
for smallholders to be able to raise household incomes 
and enhance food security. This is in line with the United 

Nation Millennium development goals (UN, 2000), New 
partnership for African’s development (NEPAD, 2002), 
Economic recovery strategy for wealth and employment 
creation (GoK, 2003), Strategy for revitalizing agriculture 
(GoK, 2004), Kenya vision 2030 (GoK, 2007), KARI 
strategic plan (KARI, 2009), and the Agricultural sector 
development strategy (GoK, 2010).
 
The dairy industry is an important source of income in 
Kenya, and it must be operated as a business where the 
aim is to maximize income and minimize costs. Keeping 
of dairy records would help to improve efficiency of 
technical and financial management and ease decision 
making on the farm. Keeping dairy records is therefore a 
pre-requisite to a well run dairy farm. 

The objectives of the diagnostic survey were therefore to 
assess and document the status of keeping dairy records 
including records kept, factors associated with record 
keeping and the prevailing challenges of keeping records.

Materials and methods
Study sites
A baseline survey to obtain information on dairy cattle 
farming was conducted in five target counties in Kenya 
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namely, Nandi, Bungoma, Murang’a, Machakos and 
Siaya. The background information and statistics of the 
counties are provided in Table 1.

Data collection tool 
Data collection tool (questionnaire) was developed in 
order to obtain existing information on dairy farming. The 
questionnaire was discussed among project collaborators, 

pre-tested and the necessary amendments incorporated. 
The design of the data collection tool made it possible 
to systematically collect all the information required to 
achieve the objectives of the study. 

Sampling design
Multi-stage sampling procedure was employed in 
selecting the respondents for the study;

• Stage 1: Five counties were purposively selected to 
ensure wide coverage of the dairy producing counties 
in Kenya.

• Stage 2: Three sub-counties in each county, except 
Nandi where just one sub-county, were selected based 
on agricultural potential, various dairy feeding systems 
(DFS), diverse agro-ecological zones (AEZ) and 
accessibility. Selection of sub-counties was done with 
the assistance of the Farm management handbook of 
Kenya (Jaetzold and Schmidt, 1982)

• Stage 3: Five villages within each sub-county were 
selected purposively from an available list based 
on availability of smallholder dairy farms. In Nandi 
however, 15 villages in the selected sub-county were 
selected.

• Stage 4: Twenty farmers within each village were 
targeted for selection at random from a sampling 
frame earlier prepared by frontline agricultural 
extension workers using membership records from 

Table 1. Background information of selected counties in Kenya
County  Area (km2) a Population a Density (P/km2) a Poverty index b

Nandi  2,884  752,965 261 47.4
Bungoma 3,593  1,630,934 454   52.9
Muranga 2,559  942,581 368 29.9
Machakos 6,208  1,098,584 177   59.6
Siaya  2,530  842,304 333 35.3
Source: a based on 2009 population census (GoK, 2010b);  b based on 2005/2006 Kenya integrated household 
baseline survey (KNBS, 2006)

dairy cooperative societies, common interest groups, 
community based farmer organizations and Farmer 
field schools.

Data collection technique 
Enumerators were trained on how to interview household 
heads or their representatives with knowledge of the 
household and fill the questionnaires. The enumerators 

orally interviewed the respondents individually and filled 
the semi-structured questionnaire. In order to obtain 
answers to some of the sensitive questions, enumerators 
used indirect rather than direct questioning such that 
the same questions were asked but in different ways 
to make sure the answers provided by the respondents 
were reliable. Most of the questions were closed with 
pre-categorized answers for the respondents to choose 
from. However, other questions were open-ended which 
required the enumerators to fill the spaces provided in the 
questionnaire based on responses obtained from a total of 
1,409 respondents.

Survey data
The data obtained from the survey included information 
on site of farm and management (county, AEZ. manager, 
labor, credit), household head characteristics (age, gender, 
level of education, training in farming, membership to 
farmer organization), dairy breeding (breeding services, 
type of semen, registration with Kenya Stud Book), 
dairy feeding (DFS, supplementation strategy, steaming 
up of cows, mixing of dairy feeds), milk production and 
marketing (milk production per household, milk yield 
per cow, milk sold, prices of milk). Farmers were also 
asked to indicate the type of dairy records kept and the 
challenges they face in keeping these records. The AEZs 
were identified using the Farm management handbook of 
Kenya (Jaetzold and Schmidt, 1982)

Table 2. Keeping of dairy records among the responding households
Parameters Keeping records Not keeping records Total
Responses (n) 561   726   1287
Percentage 43.59   56.41   100.00
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Data analysis
The frequencies of types of dairy records kept and 
challenges of keeping such records was obtained using 
MS Excel while the proportion of households keeping 
dairy records and the significance of association between 
dairy records keeping and various household independent 
variables was tested using chi-square test (SAS, 2001). 

Results and discussion
Status of keeping dairy records 
The status of keeping records among smallholder dairy 
farmers in the target counties is shown in Table 2. 
The proportion of smallholder dairy farmers keeping 
dairy records was 43.6%. It is possible to increase the 
proportion of farmers keeping dairy records through 
training as was indicated in a report by Land ‘o’ Lakes 
(2008) that 86.5% of their project farmers were keeping 
records of some aspects of the dairy enterprise.
The number of farmers keeping dairy records would 
most likely depend on how they were selected (e.g. 
membership to dairy cooperatives, farmer field schools 
and farmer organizations ).  Farmers who were members 
of dairy cooperatives and those funded by GoK and 
development partners were likely to be more involved in 
some form or record keeping.  

Factors associated with keeping of dairy records
The factors associated with keeping of dairy records are 
indicated in Tables 3-7. It was clear from Table 3 that 
the households keeping dairy records differed (P < 0.05) 
among counties (21.4% in Nandi to 63.3% in Machakos), 

AEZs (22.8% in Lower Highlands to 50.4% in upper 
Midlands), farm manager (42.3% for wife manager to 
61.8% for hired manager), farm labour (29.1% for family 
labor to 54.4% for hired labor), and use of credit for dairy 
farming (39.4% for those not using credit and 57.9% for 
those using credit). 
 
Table 4 shows that keeping dairy records was 
significantly (P < 0.05) associated with education level 
(37.6% for those with no formal education to 49.1% for 
those with post-secondary level of education), training in 
farming (24.3% for those not trained and 53.7% for those 
trained), and membership to farmer organizations (29.4% 
for non members and 50.7% for members). On the other 
hand, keeping of dairy records was not significantly 
associated with age and gender of household head (P > 
0.05).

From Table 5, it was evident that keeping of dairy records 
differed (P < 0.05) among dairy breeding services (21.1% 
for natural services and 54.7% for A.I. services), use of 
sexed semen (46.7% for those not using and 72.6% for 
those using), and registration of cows with Kenya Stud 
Book (44.3% for those who had not registered and 59.2% 
for those who had registered).

Table 6 shows that keeping of dairy records differed 
significantly (P < 0.05) among DFS (18.2% for grazing 
to 61.2% for stall feeding), supplementation strategy 
(37.5% for uniform supplementation and 55.0% for 
supplementation based on milk yield), and steaming up of 

Table 3. Households keeping dairy records by site and management of farm
Independent variables (Total responses) Categories n (%)  Chi-square p-value
County (1287)   Nandi    52 21.40  102.50  <0.0001
    Bungoma  96 37.35  
    Murang’a  118 50.00  
    Machakos  183 63.32  
    Siaya   112 42.75  
Agro-ecological zones (1287) Lower highlands 42 22.82  47.54  <0.0001
    Upper midlands  368 50.41  
    Lower midlands  151 40.48  
Farm manager (1283)  Husband   365 42.84  7.89  0.0194
    Wife   159 42.29  
    Hired worker  34 61.82  
Type of labor (1266)   Hired   74 54.41  39.59  <0.0001
    Family   94 29.10  
    Both   385 47.71  
Credit for dairying (1287) Yes   161 57.88  31.35  <0.0001
    No   392 39.40 
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cows (22.1% for not steaming up and 55.8% for steaming 
up). However, keeping of dairy records did not differ 
among households mixing or not mixing dairy feeds (P > 
0.05).

It was evident from Table 7 that keeping of dairy records 
differed (P < 0.05) among levels of milk production per 
household (33.3% for less than 10 kg to 65.3% for more 
than 15 kg), levels of milk yield per cow (27.9% for less 
than 5 kg to 66.7% for more than 10 kg), levels of milk 
sold (34.4% for less than 5 kg to 68.2% for  more than 10 
kg), and prices of milk (38.1% for less than KES 30.00 to 

Table 4. Households keeping dairy records by household head characteristics
Independent variables (Total responses) Categories n  (%) Chi-square p-value
Age of household head in yrs (1275) <35   55  38.73 5.77  0.0560
     35-50  263  47.30  
     >50  238  41.25  
Gender of household head (1277) Female  105  40.86 0.94  0.3316
     Male  451  44.22  
Education level of  household head (1262)None  15  37.50 11.72  0.0084
     Primary  159  37.68  
     Secondary 244  46.48  
     Post-secondary 135  49.09  
Training in farming  (1260)  Yes  452  53.68 98.84  <0.0001
     No  101  24.16  
Membership to farmer organization (1254)Yes  418  50.67 52.11  <0.0001
     No  126  29.37 

Table 5. Households keeping dairy records by dairy breeding services
Independent variables (total responses) Categories n (%) Chi-square p-value
Breeding service (1254)   Natural  88 21.05 129.97  <0.0001
     AI  388 54.65  
     Both  71 56.35  
Sexed semen (864)   Yes  37 72.55 12.80  0.0003
     No  380 46.74  
Registration of cows (568)  Yes  42 59.15  5.54  0.0186
     No  220 44.27 

56.4% for KES 30.00-40.00).

Results show that high levels of sophistication in dairy 
farming were positively and highly associated with high 
record keeping as was the case with households who 
served cows with sexed semen, had high volumes of milk 
for sale, had high levels of milk production per household 
and milk yield per cow, hired farm manager, stall-fed 
cows, obtaining credit for dairy farming, got higher prices 
for milk sold, had registered cows with Kenya Stud book, 
and those who were trained in farming.  

Table 6. Households keeping dairy records by dairy feeding characteristics
Independent variables 
(Total responses)   Categories  n (%) Chi-square p-value
Dairy feeding systems (1286)  Stall feeding   331 61.18 146.78  <0.0001
     stall feeding + grazing 179 38.58  
     Grazing 51  18.15  
Supplementation strategy (1123)  Uniform  211 37.48 34.68  <0.0001
     Based on milk yield 308 55.00  
Steaming up of cows (1190)  Yes   422 55.82 127.39  <0.0001
     No   96 22.12  
Mixing of dairy feeds (1287)   Yes    45 39.82 0.715  0.3979
     No   516 43.95 
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 Types of dairy records kept
Some of the most important dairy records kept in 
commercial dairy farms included feeding, growth rate, 
breeding, health, milk yields, and finances (Moran, 
2009). About 43.5%, 21.4%, and 17.5% of the responding 
households kept records on milk yields, breeding and 
animal health respectively (Table 8).
The common milk records were on delivery for sale since 
these were the records used to pay farmers particularly 
by dairy cooperatives. Farmers had milk delivery cards 

showing date and time of delivery and amount delivered. 
Breeding records kept were mainly on A.I services 
showing insemination slips with date of insemination, 
sire, expected date of delivery, and pregnancy diagnosis 
while animal health records were mainly on treatments 
cost from the local veterinary worker. The records related 
to animal sales, finances and feeding were not common 
since unlike the other mentioned records no other external 
influence was involved. It was evident that farmers 
did not keep dairy records out of their own interest or 
choice but rather because these were required for service 
delivery or payments.  

Challenges of keeping dairy records
Among the challenges faced by farmers in record keeping 
were: lack of skills emerged as the single most important 
challenge mentioned by 44.0% of the respondents (Table 
9). The farmers appreciates the importance of record 
keeping but unfortunately lacked the skills to do it. Lack 
of knowledge or awareness on the importance of keeping 
records was given as a reason for not keeping dairy 
records by 12.6% of the households.
 

On the basis of the proportion (56.6%) of the farmers 
who indicated lack of skills and knowledge as challenges, 
it is apparent that farmers need training in record keeping. 
Such training needs to be organized and conducted 
collaboratively between research and extension personnel 
and other stakeholders and should cover the various types 
of records that farmers need to keep, how best to capture, 
organize and analyze the records and how the results 
can be used for planning for the benefit of the farmer. 
This poses a challenge to both research and extension 
workers to come up with appropriate strategies to impart 
the necessary skills and knowledge through training. 
The training should first target the most receptive group 
of farmers bearing in mind the factors associated with 
keeping of dairy records discussed earlier.

About 36% of the farmers had a negative attitude towards 
keeping of dairy records and considered it laborious and/
or tedious and/or cumbersome while others indicated they 
had no time to do it or relied on recall. 

Conclusion and way forward
It is evident that the number of households keeping 
dairy records positively correlated with intensification 

Table 8. Percentage of households by type of dairy 
records kept (n=874)
Type of dairy records kept Households keeping   
    dairy records (%)
Milk yields    43.5
Breeding    21.4
Animal health    17.5
Milk sales    12.0
Financial    3.0
Feeding     1.9
Visitors     0.7

Table 7. Households keeping dairy records by milk production and marketing
Independent variables (total responses)   Categories n (%) Chi-square p-value
Milk production, kg per household per day (1110) <10  141 33.27 74.74  <0.0001
       10-15  183 47.32  
       >15  171 65.27  
Milk yield, kg per cow per day (1082)   <5  280 27.93 69.90  <0.0001
       5-10  93 47.22  
       >10  04 66.67  
Milk sold, kg per day (981)    <5  196 34.44 65.52  <0.0001
       5-10  93 43.75  
       >10  179 68.06  
Price of milk, KES per kg (958)    <30  221 38.14 26.13  <0.0001
       30-40  148 56.38  
       >40  87 48.88 
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(stall-feeding) and use of modern technologies (use of 
sexed semen and A.I. and steaming up) in dairy farming. 
Record keeping may therefore increase as more farmers 
adopt improved technologies. 
Rigorous and targeted campaigns need to be organized 
to sensitize farmers on the importance and benefits of 
keeping dairy records. This requires concerted efforts 
between public and private partners as commercialization 
of dairy farming takes shape. The campaigns and 
trainings should target serious farmers who have or are 
willing to take up modern dairy farming technologies. 
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Abstract
A cross-sectional survey was conducted in Ada’a and Lume districts of East Showa zone, Oromia National Regional 
State of Ethiopia to assess knowledge gap and factors influencing consumption of dairy products. Stratified random 
sampling technique was used to select 94 households and administer a pre-tested and structured questionnaire. 
Raw milk, pasteurized milk, fermented milk, skim milk, cottage type cheese and butter were the six most regularly 
consumed dairy products. Raw milk and skim milk monthly consumption per household was nearly 18 litres each per 
month. These products were purchased at least four times per week. The major sources of milk and milk products for 
the consumer in the districts were farm gate (32.2%), open markets (24.4), milk shops (18.9%), kiosks (17.8%) and 
supermarkets (6.7%). Nearly 68 % of the household indicated that they had increased their consumption in the last 
five years, and 60 % of those households were in Ada’a district, representing 75 % of the respondents from Ada’a. 
Price, appearance, hygiene of premises and utensils, adulteration and labeling were the most important parameters 
that received much of consumers’ attention when purchasing dairy products in a market. Though about 51% of the 
household had access for standardized dairy products, only one-third of them had experienced in purchasing one or 
more of these product types. More than 90% of the interviewed household had willingness to pay for extra cost for 
improved quality and safety of dairy products. According to the respondents, a post harvest loss at consumption or 
consumer level was low. Though knowledge of consumers in the study area cannot be underestimated, awareness 
on dairy product handling, public health hazards of raw milk and contaminated post-pasteurized, necessary labeling 
information on packed products, and quality standards of dairy products need to be enhanced. 

Introduction
Livestock play an important role in food security as a 
source of food, skin, fiber, manure, dispensable capital 
and providing socio-cultural stability to farmers of 
developing or under developed nations. In the interest 
of building strong and healthy nation in future, dairy 
development is likely to give sustainable results within 
a relatively short period of time. Dairy production is a 
critical issue in Ethiopia’s livestock-based society where 
livestock and its products are important sources of food 
and income, and dairying has not been fully exploited 
and promoted. The annual milk production is estimated at 
about 3.8 billion litres from cattle and 165 million liters 
from camel (CSA, 2013). 

On the view of public health hazards, provision of milk 
and milk products of good hygienic quality is desirable 
to safeguard the consumers. Consumption of raw milk 
and milk products is common in the country (Zelalem, 
2003), which may lead to the transmission of various 
diseases. Consumption of unpasteurized or contamination 
of milk after pasteurization has been reported to cause 
illnesses (Cody et al., 1999). Earlier report by Zelalem 
and Faye (2006) indicated that hygienic practices during 
production, processing and handling of milk and milk 
products in the central Ethiopia were sub-standard and 
the quality and safety of milk products is questionable. 

A range of factors can lead to food being unsafe, such as 
poor handling and storage conditions, naturally occurring 
toxins in food itself, contaminated water, pesticides 
and drug residues, and lack of adequate temperature 
control. Such safety problems, in extreme cases, can have 
negative impact on the food security status of a country 
(FAO, 2011). 

Apart from the quality and safety concern, poor handling 
practices in the country causes postharvest losses. For 
milk, losses at agricultural production level refer to 
decreased milk production due to dairy cow sickness 
(FAO, 2011). At postharvest handling and storage, 
milk loss is due to spillage and degradation during 
transportation between farm and distribution. Spillage 
during industrial milk treatment such as pasteurization 
and processing of milk to milk products are an example 
of milk loss in processing. Losses of milk at distribution 
and consumption stages include losses and waste in the 
market system and at the household level. Previous report 
in the country estimated a post harvest losses of up to 
40% from milking to consumption (Felleke, 2003). 
Most of the dietary protein in Ethiopia is supplied by 
cereals that are relatively poor sources of protein. The 
high cost of animal origin foods are always beyond the 
reach of most Ethiopian families; hence many depend 
on inadequately processed traditional foods consisting 
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mainly of low quality cereal such as maize, sorghum and 
millet. This warrants a well developed animal agriculture 
in general and the dairy industry in particular. To this 
effect, all parts of possible entry points for intervention 
across the milk value chain need to be identified; from 
cow to consumer. Knowledge gap of dairy product 
consumers’ and their perception are important bottlenecks 
affecting production and consumption of standardized 
dairy products. The objective of this study was to assess 
the knowledge gap and factors influencing consumption 
of dairy products in Ada’a and Lume districts of East 
Showa, Ethiopia.

Methodology
Description of study areas
The study was conducted in Ada’a and Lume districts 
in East Showa Zone, Oromia National Regional State of 
Ethiopia. They were selected purposefully due to their 
dairy potential. 

Ada’a.
Ada’a district is found 47 km southeast of Addis Ababa, 
the capital of Ethiopia. About 90% of the district is in the 
sub-tropical agro-climatic zone having an altitude ranging 
from 1500 to over 2000 masl. Meteorological data of 
Debre Zeit Agricultural Research Centre indicate that 
the district receives an annual rainfall of 851 mm with 
annual minimum and maximum temperature of 11 and 
29°C respectively. Though the district is mainly known 
for cereal crops (mainly teff and wheat) and legumes, 
livestock production is an integral part of the system. 
Cattle, small ruminant, poultry and equines are the major 
livestock species kept with fast growing smallholder 
dairy production (IPMS, 2005). About 51% of the land 
in the district is cultivable, 6.4% covered with natural 
pasture, 7.4% forests and living area, and the remaining 
34.8% is degraded or currently unusable. The district has 
an estimated total population of 355,343 of which 40.2% 
are urban dwellers (CSA, 2005).

Lume. 
Lume is located about 70 km away from the capital 
city to South East of the country. Similar to Ada’a, the 
major (80%) part of the district is in the sub-tropical 
agro-climatic zone with a wide range of altitudes from 
1500 to 2300 m. According to the meteorological data 
of the research center the district receives an annual 
rainfall between 822 to 867 mm. Vegetables, cereals and 
pulses are an important crop integrated with livestock 
production. About 54.3 % of the land is arable and 20 

% of the land is still unusable. The remaining area is 
covered with pasture, natural forest and living areas 
(Kassahun, 2008). The district has an estimated total 
population of 140,030 of which 37.9% are urban dwellers 
(CSA, 2005).

Sampling procedure
A multi stage sampling procedure was used to select 
sample village and households in the selected districts. 
Based on altitude, land use system, village’s situation in 
representing the district, ethnic group and socio-cultural 
settings, four villages were chosen purposefully from 
each district in which 10 to 15 household per village 
were selected randomly. A total of 49 households from 
Ada’a and 45 from Lume district were used for the study. 
Both qualitative and quantitative data were collected 
using multiple subject formal survey by pre-tested, 
structured questionnaire. Key informant interviews of 
zonal and districts’ administrative bureaus and secondary 
information were also used to assess consumers’ habit of 
dairy product consumption, their knowledge, preference 
and associated constraints in purchasing and consumption 
of the products.

Data analysis
Descriptive statistics were used for qualitative and 
quantitative data sets using Statistical Package for Social 
Sciences (SPSS) software, version 20 (SPSS, 2011).

Results and Discussions
Socio-economic characteristics
The overall mean family size in Ada’a and Lume districts 
of East Shewa Zone was 4.66+1.86 persons/household 
(HH) of which 59.6% were female headed household. 
The average household size obtained in the current study 
was comparable with the national average which was 
reported to be 4.8 persons/HH (CSA, 2006). However, 
higher value of average family size (6.2 persons/HH) 
was reported by Kassahun (2008) in the same study area. 
Overall, 72.3% of the households were followers of the 
Orthodox Christian church and the rest 16.0, 9.6 and 
2.1% were Protestant, Muslims and Catholic religion, 
respectively. Ethnically, the interviewed households were 
from Oromo (46.1%), Amhara (39.8%), Tigre (2.2%) and 
Southern Nations (11.9%) of Ethiopia. The study also 
showed that 90.3% of the household head were married 
while 4.3, 4.3, 1.1% were single, widowed and divorced, 
respectively. Educational status of the 94 household 
members with secondary school, elementary schools, 
diploma, degree and above, and certificate levels were 
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33.0, 18.1, 17.0, 14.9, and 9.6%, respectively. The rest 
(7.4%) of the household had no formal education. The 
interviewed households lived for 21.2+14.1(ranged 1 to 
50) years in the area having an experience of consuming 
milk and/or milk products. The average amount of 
expenditure for food and non-food items per month per 
household was 1604 and 727 ETB, respectively. Monthly 
household income of the interviewee is shown on Figure 
1. The wife was the main decision maker on which dairy 
product to be purchased. 

Availability and Consumption trend
Diversified dairy products are available in Ada’a 
and Lume districts of East Showa Zone. These are 
unprocessed and various milk products locally processed 
and/or imported (Fig. 2). In most cases standardized 
either imported or locally processed milk products 
were prevalent in urban areas while locally processed 
milk products using traditional processing technologies 
dominated in peri-urban and rural areas of the studied 
districts. Some of the products such as fermented milk, 
butter and cheese were mainly processed locally. 
As in many parts of Ethiopia, the butter available in 
the market was traditionally made from sour milk by 

churning in a clay pot. 

Previous studies in the country estimated that about 20 
liters of milk is required to make 1kg of butter (Tesfaye, 
2007) and it may contain 16.5 % water, 81.7% fat, 
1.1% protein and 0.23% ash (Zelalem, 1999). A cottage 
type cheese called “Ayib” is produced by heating the 
buttermilk remaining after the butter grains has been 
separated from the whole milk. Raw milk and cottage 
type cheese were the most consumed milk products by 
most households while powdered milk and ice cream 
rarely consumed by less than 10% of the interviewed 
households. 

Consumers’ purchasing behavior purchasing behavior 
was also examined (Table 1). Raw milk and skim milk 
were consumed in higher volume with nearly 18 litres 
each per month per 

HH and purchasing these products was made at least 4 
times per week. 
Though 94 and 63% of the households consumed butter 
and cottage cheese respectively, the monthly quantity 
recorded for these products was less than 2 kg in both 

Fig. 1. Monthly income category of the household in Ada’a and Lume districts of East Showa zone, Ethiopia

Table 1. Monthly consumption level and purchasing frequency of dairy products in Ada’a and Lume districts of East 
Showa Zone, Ethiopia
      Quantity (lit/kg) Frequency per month
   Ada  Lume  Average Ada  Lume  Average
Raw milk   21.3±16.4 15.3±11.7 18.3±14.1 22.1±13.4 16.7±12.6 19.4±13
Pasteurized milk  3.7±3.4  1.2±0.1  2.5±1.75 3.8±2.5  1.2±0.1  2.5±1.3
Fermented milk  5.2±3.9  25.2±19.2 15.2±11.6 2.9±0.9  21.3±17.3 12.1±9.1
Skim milk   10.4±0.1 25.5±7.2 18.0±3.7 10.4±0.1 25.5±7.2 18.0±3.7
Butter   0.9±0.7  1.3±1.1  1.1±0.4  0.7±0.5  1.4±1.2  1.1±0.8
Cottage cheese  0.9±0.6  2.1±1.2  1.5±0.9  0.9±0.7  2.1±1.2  1.5±0.9
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districts. Households in Ada’a purchased raw and 
pasteurized milk more frequently than households in 
Lume with higher volume per purchase. Whereas, the 
consumption level and frequency of purchase was higher 
in Lume district for fermented milk, skim milk, butter and 
cottage cheese.

When we examine the consumption level of milk and 
milk products in the studied districts, it was observed that 
some households had zero consumption of milk products. 
Though such observations was common for very rarely 
consumed dairy products such as powdered milk, table 
butter, soft cheese, cream and ghee, it was also not 
uncommon for regularly consumed dairy products. Zero 
consumption observations might be the result of higher 
price/lower purchasing ability due to low level of income, 
unavailability or inadequate supplies and/or consumers 

percentage of 42.5, 33.9, 14.5 and 9.1, respectively. On 
average consumers in Ada’a district had to go 1.30 km 
to reach the nearest market while the Lume’s consumer 
were relatively close to the market. A recent study by 
Kassahun (2013) indicated that consumers had to go 
long distance to obtain milk products from open markets 
and supermarkets of Ada’a district. This author asked 
dairy consumers to explain the distance in minutes 
from their home in a simple walk, and estimated it at 
about 51 minutes for open markets and 20 minutes for 
supermarkets though supermarkets are accessible only for 
urban high income groups in the area. 

Currently consumption of dairy products is increasing 
globally which is evident from the awareness that dairy 
products can provide essential nutrients and other health 
benefits (Boniface and Umberger, 2012 and Bilatu et al., 

Fig. 2. Dairy products commonly consumed by consumers in Ada’a and Lume districts of East Showa Zone, Ethiopia

make infrequent purchases of dairy products, and the 
timing of the survey did not capture their consumption.
Apart from their own consumption, the major sources of 
milk and milk products for the consumer in the districts 
were farm gate (32.2%), open markets (24.4), milk 
shops (18.9%), kiosks (17.8%) and supermarkets (6.7%). 
About 38% of the household members visited milk and 
milk products market daily, 18 % once in a week, 8 % 
twice a week and 7%, visited 3-4 times a week. The rest 
29% of the household were visited market as necessary. 
According to the interviewee, near to settlement areas, 
availability of fresh and variety products, reputability 
of the market and reasonable price appear to be the four 
most important reasons influencing where consumers 
purchased their dairy products, with a household 

2012). The current study area can be taken as an example 
of this change, where traditionally, dairy products had 
become a common ingredient in a regular meal in 
addition to the usual drinking of fluid milk with bread or 
alone. To understand how consumption is changing in the 
study areas, consumers in both districts were asked if they 
had increased their consumption of dairy products in the 
past five years. If consumers replied that they had, then 
they were asked to indicate which dairy products. Nearly 
68% of the household responded as their consumption 
was increased in the last five years, and 60% of those 
households were in Ada’a district, representing 75% of 
the Ada’a sample. Pasteurized milk, raw milk, powdered 
milk, fermented milk and cheese were among the milk 
products whose consumption had increased by 38, 18, 
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13, 10 and 10%, respectively. Approximately 5% of the 
consumers showed increased consumption of butter. In 
contrast, the rest (32%) of the households who indicated 
that dairy product consumption had declined in the past 
five years. They mentioned that increased milk price was 
the major reason attributed to the decline in consumption.

Variation in consumption of dairy products was observed 
within the months in a year. Fasting was the major (68%) 
reason for this variation especially for low consumption 
(Fig. 3). There are about 200 fasting days in Ethiopian 
Orthodox church during when consumption of animal 
origin food is abstained. Particularly 55 days between 

Fig. 3. Dairy product consumption status of consumers’ in different months in Ada’a and Lume districts of East Showa Zone, 
Ethiopia

contributing to consumption change during the year were 
festivities, availability and price variation.

Consumer perception of quality and safety
Consumers’ perceptions of dairy product quality are 
complex and differ across countries (Francesconi et al., 
2010 and Boniface and Umberger, 2012). In Australia, 
consumers perceive whole milk to be of lower quality 
than other types of milk (Bus and Worsley, 2003). Hatirli 
et al. (2004) reported that in Turkey, households’ choice 
of fluid milk sources is influenced by the number of 
children living in the household and education level 
of the household head. A similar study of Taiwanese 

February and early April, and 15 days in August, almost 
every household member of the Orthodox Church usually 
fasts except children below 7 years. In the current study 
over 72 % of the households were Orthodox Christians. 
In addition to every Wednesdays and Fridays, the other 
major fasting periods are 45 days between late November 
and early January, and about 20 to 40 days usually around 
June and July. Previous studies in different parts of the 
country showed that during fasting periods, demand of 
dairy product is lower than non-fasting time (Sintayehu 
et al., 2008 and Kassahun, 2008). Availability and 
consumption of these products was high immediately 
after fasting as most of the milk during fasting period is 
processed into other dairy products for later sales and 
consumption. Usually, the major fasting periods are 
followed by a holiday when demand for milk products 
is relatively higher with higher prices. In this regard, 
butter can be mentioned as a good example where traders 
usually store large amounts of butter until the end of 
fasting for sale afterwards. Other influencing factors 

consumers who purchased greater amounts of fluid milk 
had higher levels of household incomes than consumers 
who purchased mostly yoghurt drinks (Hsu and Lin, 
2006). A study in America showed that low fat milk 
consumption is positively related to age, education 
level and income (Robb et al., 2007). The current 
assessment study of consumers indicated that price was 
the most important influencing factor to dairy products 
consumption compared to quality and safety parameters. 
The perception of consumer for different attributes of 
dairy product was determined through evaluation of a 
5-point scale degree of importance, 1 for lowest and 5 for 
highest (Table 2). Price, appearance, hygiene of premises 
and utensils, adulteration and labeling were the five most 
important parameters which captured the consumers’ 
attention when they purchase dairy products in a market 
with an overall average score point of 3.7, 3.4, 3.2, 2.3 
and 2.2 respectively. Though they are not sure of the 
safety of the products, nearly half of the respondents 
believed that raw milk (52%) and traditionally processed 
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milk products, cheese (53%), butter (52%) and fermented 
milk (47%) available in local markets were of good 
quality. 

Though about 51% of the household had access for 
standardized dairy products in their localities, only 
one-third of the household had experience in purchasing 
one or more of these products. Ethiopian Quality and 
Standards Authority had developed milk and dairy 
products standards in the year 2001. These standards 
were then revised in 2005 to be harmonized with the 
Common Market for Eastern and Southern Africa 
accepted Standards. However, only 6% of the household 
in the current study area knew the standards, and 
one-fifth of respondents had traditional dairy product 

standards in their locality. Nearly 7% of respondents 
reported purchases of only imported dairy products due to 
lack of domestic products and the safety of the imported 
milk products. Only 27% of respondents had information 
about hazards which result from using substandard dairy 
products. One-fourth of them had experienced public 
health risks after consumption of these products.

In developing countries like Ethiopia, where production 
of milk and various milk products takes place under poor 
production and processing practices, the safety of dairy 
products with respect to food-borne diseases is a great 
concern. Almost all interviewed household agreed that 
milk must be produced in hygienic manner and nearly 
one-third and one-fourth of the respondents’ believed that 

Table 2. Factors influencing dairy product purchasing behavior of Ada’a and Lume districts’ consumers, East Showa Zone, 
Ethiopia
Dairy product   Parameters 1= 2= 3=  4= 5= Mean Std.Dev.  N
      Lowest Low Medium   High Highest   
Raw milk    Labeling  71.1 13.2 14.5    1.3 0 1.46 0.79  76
    Hygiene of premises   
    and utensils  6.3 16.3 36.3    32.5 8.8 3.21 1.03  80
    Appearance 2.5 13.8 30    38.8 15 3.5 0.99  80
    Adulteration 22.5 36.3 16.3    16.3 8.8 2.53 1.25  80
    Price  1.3 7.5 27.5    36.3 27.5 3.81 0.97  80
Pasteurized milk   Labeling  5.3 0 10.5    57.9 26.3 4 0.94  19
    Hygiene of premises 
    and utensils  10.5 0 21.1     57.9 10.5 3.58 1.07  19
    Appearance 15.8 15.8 10.5     52.6 5.3 3.16 1.26  19
    Adulteration 35.3 35.3 11.8     5.9 11.8 2.24 1.35  17
    Price  5.6 5.6 33.3     33.3 22.2 3.61 1.09  18
Fermented milk   Labeling  26.7 46.7 26.7      0 0 2 0.76  15
    Hygiene of premises 
    and utensils 0 33.3 33.3     22.2 11.1 3.11 1.02  18
    Appearance 5.6 11.1 44.4    16.7 22.2 3.39 1.15  18
    Adulteration 44.4 38.9 11.1     0 5.6 1.83 1.04  18
    Price  5.9 11.8 29.4    52.9 0 3.29 0.92  17
Cottage cheese   Labeling  55.2 14.9 22.4     7.5 0 1.82 1.03  67
    Hygiene of premises 
    and utensils 3 19.4 49.3    25.4 3 3.06 0.83  67
    Appearance 4.5 9.1 34.8    36.4 15.2 3.48 1.01  66
    Adulteration 38.5 15.4 27.7    16.9 1.5 2.28 1.19  65
    Price  0 16.4 19.4    37.3 26.9 3.75 1.04  67
Butter    Labeling  59.1 19.3 15.9    4.5 1.1 1.69 0.98  88
    Hygiene of premises 
    and utensils 5.7 26.1 40.9    23.9 3.4 2.93 0.93  88
    Appearance 3.4 13.5 32.6   32.6 18 3.48 1.05  89
    Adulteration 28.7 18.4 19.5   24.1 9.2 2.67 1.36  87
    Price  0 10.1 21.3   41.6 27 3.85 0.94  89
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milk and milk products can have microbial and chemical 
hazards respectively. Less than 5% of respondents had 
information about hazard analysis critical control point 
(HACCP) system. To assess the perception about danger 
of milk contamination, consumers were requested to state 
the danger level as not dangerous at all, less dangerous, 
somewhat dangerous, dangerous and very dangerous, and 
the respondents percentage obtained was 4.3, 21.5, 12.9, 
33.3 and 28, respectively. The majority of the respondents 
indicated that children less than 3 years of age (82%) and 
pregnant women (17%) were the most vulnerable family 
members to dairy borne food illness. The safety concern 
of consumers were very high particularly when they buy 
milk and milk products from producers, open markets and 
milk shops in that order of importance (Fig. 4). 

Fig. 4. Safety concern of consumers when they buy milk and milk products from different sources in Ada’a and Lume districts of 
East Show Zone, Ethiopia

About 89% of respondents knew cooling is useful to 
keep milk fresh and 37% of them had a refrigerator in 
their home and stored raw milk in a temperature range 
of -2 to 5oC. Similar result were reported by Zelalem 
and Bernard (2006) in the central high lands of Ethiopia 
where about 40% of peri-urban households preserved the 
raw milk in a refrigerator. Interestingly, use of hot water 
to wash milk equipments was a common activity for 88% 
of the household in the current study.

To examine consumers’ evaluation criteria of packed 
dairy products, they were asked what labeling 
information was very important and the survey result 
revealed that expiry date and nutritional information 
were the main criteria. However, less than half of the 
respondents and 15% checked expiry date and nutritional 
value respectively. About 80% of the respondents agreed 
on the idea that it is necessary to provide extra safe milk 
with a special label which can easily be distinguished 

from the regular one. More than 90% of the respondents 
were willing to pay extra cost for improved quality and 
safety of milk and milk products. Consumers did not 
report health problems from consuming standardized 
dairy products. There was no problem of cultural taboo 
reported from utilizing milk and standardized dairy 
products.

Milk and milk product losses
According to the estimate of FAO (2011) nearly one-
third of the edible parts of food produced for human 
consumption, was lost or wasted globally every year and 
in developing countries more than 40% of these losses 
take place at post harvest and processing levels. However, 
losses of dairy product at consumption level in the current 

study were found to be less that 1%. Similarly, Hodges 
et al. (2011) argue that in developing countries the issue 
is inefficient postharvest agricultural systems that lead to 
poor quality food in markets whereas failure to consume 
available food is not a big concern. FAO (2011) also 
concluded that food lost at consumer level is minimal 
in developing countries due to low incomes limits their 
purchase to small amounts for daily consumption. 
Only 5.4% of the households indicated that there was 
milk product loss due to spillage and these respondents 
thought reduction of this loss could increase food 
availability by reducing physical losses. About 14% 
of the household showed they encountered problem 
of spoilage occasionally. Poor handling practices and 
inappropriate container were found to be the most 
probable cause of dairy product spoilage (Figure 5). 
Majority of the household (65%) used a refrigerator to 
prevent spoilage. The other spoilage prevention methods 
were storing in cooler place (15%), boiling (13%) and 
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boil and store at cooler place (7%). Consumers were also 
asked to explain the fate of spoiled milk. About 55 % of 
them dumped the product and 45 % gave it to pets.

Conclusions and recommendations
Although the results of the current survey does not 
provide a clear picture of dairy product consumption, it 
can be used as baseline information for further studies in 
Ada’a and Lume districts. Almost all sampled households 
had the experience of consuming milk and milk products 
indicating the presence of no taboo against consumption 
of these products except during Ethiopian Orthodox 
Church fasting period. The study clearly showed that 
price was more important than safety and quality in 
determining household consumption level and choice 
of product. Therefore, attention should be given to use 
of low-cost production and processing alternatives 
that can be afforded by most households. Though 
knowledge of the consumers in the study area cannot be 
underestimated, awareness on dairy product handling, 
public health hazards of raw milk and post-pasteurized 
contamination, necessary labeling information on packed 
products, and quality standards of dairy products, need to 
be enhanced.
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Abstract
Smallholder dairy farming is increasingly becoming an important source of livelihood for peri-urban dwellers in 
Lake Victoria Agro-ecological Zone (LVZ) due to favorable climatic and economic conditions. A study was carried 
out in Buikwe, Jinja and Mayuge districts of eastern Uganda, with the objective of understanding the production 
characteristics in smallholder dairy farming systems. A representative sample of 126 smallholder dairy farmers was 
examined using structured and semi-structured questionnaire interviews, and focus group discussions held between 
July and September 2013. Data collected included: household demographics, challenges in smallholder dairy farming 
systems, feed resources, labour distribution, milk production and marketing. The study revealed that households in 
Buikwe district had a relatively larger herd size (4.3±2.7) than Jinja district (2.4 ± 0.6). Natural pastures were the most 
utilized source of feed (mean rank = 93.9, 72.16, 91.69) for Jinja, Buikwe and Mayuge respectively. Smallholder dairy 
farmers in Jinja ranked agro-industrial by-products (mean rank = 55.34) as immediate alternative feed while farmers in 
Buikwe and Mayuge ranked crop residues (mean rank = 76.8 and 72.89) as the immediate alternative feed. The study 
provided basic information on production characteristics in smallholder dairy farming system that could aid further 
research for strategic interventions to addressing threats of declining productivity. 

Introduction
The future of Uganda’s dairy sector remains uncertain, 
despite its fundamental role in sustainable development. 
The annual Gross domestic product (GDP) growth rate 
of agricultural 2012/13 is 1.4% and unstable (MFPED, 
2013), yet population growth is estimated at 3.2% and 
appears to be on the rise (UBOS, 2012). Uganda’s slow 
growth in dairy sector hinges on declining productivity 
which is lower than the potential and subsistence 
production estimated at about 70% (MAAIF, 2010). 
Subsistence production leads to limited participation of 
producers to market, implying low income, low saving 
and low investment in the sector. This leads to a vicious 
cycle of low inputs, low productivity, low technology 
applications and environmental degradation. All these in 
turn risk food security, national employment growth and 
economic development, which further translate into rural 
poverty (Muia et al., 2011).

While annual average milk yield per cow per lactation 
of 305 days in developed countries is above 8000 kg, it 
is less than 2000 kg from pure Holstein-Frisian breeds, 
1000 kg from cross breeds between Long horned Ankole 
and Holstein – Frisian and 500 kg from long horned 
Ankole and Zebus in Uganda (Bahiigwa, 2005). Such 
low milk production is to a large extent the result of feed 
scarcity that leads to poor nutrition (Kabi et al., 2013). 

However, dairy production is becoming increasingly 
intensive to cope with nutritional needs of increasing 
human population and declining per capita land holding 
(Lukuyu et al., 2011). Intensification of smallholder 
dairy farms has adopted stall-feeding (also known as 
“cut and carry”) where one to three heads of cattle are 
stall-fed indoors instead of in-situ grazing (Kabirizi et 
al., 2006). Consequently, many smallholder dairy farms 
have been established in peri-urban areas with increased 
adoption of improved dairy cattle breeds of European 
origin (Bos taurus); Holstein-Friesian and their crosses 
with local Ankole/Nganda zebu (Bos indicus) (Mubiru et 
al., 2012). This is fuelled by increased urbanization and 
improved income that has resulted into high demand for 
milk and milk products. Previous studies on smallholder 
dairy farming system have examined issues of low 
productivity on smallholder dairy farming system in 
Uganda, focusing on outputs (Mubiru et al., 2012) and 
not productivity (output per unit input(s). Besides, these 
studies have paid less attention on the holistic production 
dynamics. However, as smallholder dairy farmers make a 
shift towards market-oriented dairy production, they are 
faced with intriguing challenges like low productivity, 
coupled with limited labour. It is important therefore, to 
understand the production characteristics in smallholder 
dairy farming system that will benchmark future research 
processes and point to the possible areas of appropriate 
intervention.
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Materials and methods
Description of the study area
Buikwe (0o18’4.32 N and 33o3’6.63 E), Jinja (0o25’28 N 
and 33o12’15 E) and Mayuge (0o27’35 N and 33o28’49 E) 
Districts were purposively sampled based on the reported 
intensity of smallholder dairy farms (MAAIF, 2010). 
The mean daily temperature ranges between 16-28oC, 
18-280C and 17-27oC for Buikwe, Jinja and Mayuge 
districts, respectively. The mean annual rainfall ranges 
between 1279 to 1544 mm, 1200 to 1500 mm and 1100 to 
1500 mm for Jinja, Mayuge and Buikwe respectively. 

The districts experience a tropical climate with bimodal 
rainfall pattern characterized by two rainy seasons 
(March to May and September to November) with dry 
spells in December to February and June to August. The 
high rainfall puts the region in one of those ecological 
zones with the highest potential for crop cultivation, 
pasture production and intensive livestock, signifying a 
huge possibility to integrate crop and smallholder dairy 
farming for efficient natural resource management. 
According to the Uganda Population and Housing 
Census (2002), the estimated mean population density 
was 256, 66, and 92.55 people’s km-2 for Buikwe, 
Jinja and Mayuge, respectively. Agriculture is the main 
economic activity. Prolonged droughts that lead to crop 
failure and increased feed scarcity is the main constraint 
to agricultural production. The mean agricultural area is 
529, 601.1 and 603.3 km2 for Buikwe, Jinja and Mayuge 
districts respectively.

Sampling procedure, sample size, data collection and 
analysis
Three sub-counties were randomly sampled from 
each district for the purpose of data collection. After 
consultations with the district extension staff and sub-
county extension officers and following all procedures 
of systematic random sampling, 14 respondents were 
selected from each sub-county resulting into forty two 
(42) respondents per district. Data was obtained using 
pre-tested structured and semi-structured questionnaires 
administered through one-on-one interviews of 81 men 
and 45 women smallholder dairy farmers. Focused group 
discussions in twelve sub-counties were also held with 
key informants to corroborate the information gathered 
in direct interviews. The data captured was on household 
demographics, milk production and marketing, available 
feed resources, challenges to feed management, coping 
strategies, accessibility of labour and extension services. 

Data was pooled and subjected to nonparametric 
statistical analyses (Kruskal–Wallis test; one-way 
analysis of variance) using XLSTAT (2013). 

Results and discussion
Household demographics 
Across the household stratification, the majority of 
smallholder households in LVZ were headed by males 
(husbands) (Table 1). Household demographics lead into 
understanding of farming decisions, choice and levels of 
adoption of agricultural technologies in smallholder dairy 
farming system (Njarui et al., 2011). 

However, the proportion of the female-headed households 
was higher in Jinja (66.67%) than in Mayuge (30.95%) 
and Buikwe (28.97) districts, primarily because, Non-
Governmental Organization (NGO), “Heifer Project 
International”, which operated in the region prior to 
the study targeted women who had been widowed by 
HIV/AIDS for receipt of heifers. The age range of 
household heads was between 37 to 60 years indicating 
socially active middle aged strong household heads with 
high ambitions, expectations and able to take risks of 
investment for increased productivity. There was big 
range of variation in farming experience ranging between 
2 to 20 years. The more years in dairy farming the more 
experience and skills to manage dairy cattle better for 
improved productivity. Typically, household members 
comprised of husband, wife and children. 

The household membership ranged between 4 and 9 
members which could impact on labour input availability 
in smallholder dairy farming system. Availability of 
labour in smallholder dairy production system has a 
significant influence on productivity in the smallholder 
dairy farming system since it is labour intensive (Njarui 
et al., 2012). 

Education level
The education level of the household head in smallholder 
dairy farming system was relatively high in the study 
districts with majority having attained primary seven 
and above (Fig. 1). This implies that adoption of any 
introduced feasible dairy cattle production technology 
can be taken up quickly. Mugerwa et al. (2012) noted 
that raising education level was proportional to level of 
adoption of agricultural technologies. This is consistent 
with the general belief that adoption levels are positively 
correlated with levels of education. This is possibly 

ATUHAIRE, OKELLO, MUGERWA, KABIRIZI, LUKWAGO



��8

Table 1. Household demographic on smallholder dairy farming system in Uganda
Household characteristics Buikwe (n = 42) Jinja (n = 42)  Mayuge (n=42)
Female    28.57   66.67   30.95
Male    71.43   33.33   69.05
Av. age of h/hold head (years) 51± 9   48 ± 11   50 ± 9
Av. h/hold size (persons) 6 ± 2    5 ± 1   6 ± 3
Dairy cattle farming years 10 ± 8   12 ± 8   11 ± 7

because education influences the ability of farmers to 
interpret the technical recommendations that may require 
some level of education. Furthermore, Kaunda, (2011) 
noted that literate farmers can comprehend the benefits 
from extension information and they are aware of the 
consequences of the prevailing challenges if they are not 
addressed in time.

Table 2. Mean dairy herd structure among farmers in LVZ 
Uganda 
Heard structure Mean number
  Buikwe  Jinja  Mayuge
Mature Bulls  0.21 ± 0.31 0.13 ± 0.12 0.21 ±0.11
Cows   2.05 ± 1.33 1.13 ± 0.11 2.14 ±1.21
Heifer   1.02 ± 0.54 0.61 ± 0.12 0.32±0.42
Male calves  0.31 ± 0.50 0.31 ± 0.02 0.22±0.12
Female calves  0.71 ± 0.02 0.22 ± 0.23 0.21±0.04
Total   4.3 ± 2.7 2.4 ± 0.6 3.1 ±1.9

where high number of female-headed households who 
received animals from NGO (send a cow) and had no 
other alternatives form of employment and household 
income. A Good percentage of household’s heads were 
engaged in farming, other businesses and employment 
as indicated in Figure 1. Smallholder dairy farming in 
LVZ seems risky venture due to low investment levels 

unreliable inputs and unstable milk market. Thus farmers 
seek other alternative means for their livelihoods in order 
to spread the risks of income that support the livelihood 
of the entire household. 

Smallholder dairy farms herd size and structure 
Smallholder dairy households in Buikwe had a relatively 
larger dairy hard size (4.3 ± 2.7) than Jinja (2.4 ± 0.6) and 
Mayuge (3.1 ± 1.9) districts. Cows constituted the highest 
proportion (48.3%) of the herd in Buikwe followed by 
heifers (22.34%). Smallholder dairy farmers in LVZ kept 
bulls for breeding purposes as artificial insemination 
services are unreliable.

Farmers ranking on challenges in smallholder dairy 
farming system 
Farmers’ ranking on challenges in smallholder farming 
systems are presented in Tables 3-6). Kruskal Wallis test 

 

Source of income of household heads
There was variation in major sources of income of 
household heads between the three districts. Highest 
percentages of household heads in Jinja district were full 
time farmers (68.24%) compared with Buikwe (35.73%) 
and Mayuge (39.45%). This is consistent with Njarui 
et al. (2012) who made similar observation in Masaka 

Fig. 1. Level of education of the household head
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showed that challenges in smallholder dairy farming 
system are highly significant (X2 = 47.6, P<0.0001; X2 = 
46.14, p=0.0001; X2 = 45.56, P<0.0001) in Buikwe, Jinja 
and Mayuge respectively.

Feed scarcity that was highly pronounced during dry 
season was unanimously ranked as the major challenge 
(mean rank = 93.9, 72.16, 91.69) in Buikwe, Jinja and 
Mayuge by farmers as one of the biggest challenges to 
increase milk productivity in LVZ Uganda. 

Increased animal productivity has been identified as one 
of the options for increasing incomes, household nutrition 
and livelihood of the rural households (MAAIF, 2010). 
However, the quality and quantity of natural pasture 

 

Fig. 2. Sources of income of household heads

Table 3. Farmers ranking on challenges in smallholder dairy farming system
District  Variable  Sum of ranks    Mean ranks   (Chi2, df, p-value)
Buikwe   Limited land    567.50 27.02a   X2 = 47.6, df = 4, P = 0.0001
   Limited Labour   1052.50 47.84ab 

   Livestock health   2037.00 70.24bc 
   Lack of basic knowledge  2304.00 76.8bc 
   Feed scarcity    2817.00 93.9c 
Jinja   Lack of basic knowledge  305.00 20.33a  X2 = 46.14, df = 4, P= 0.0001 
   Limited Labour   372.50 24.83a 
   Limited land   1173.50 53.34b 
   Livestock health   1217.50 55.34b 
   Feed scarcity   1587.50 72.16b 
Mayuge  Limited land   534.00 26.70a  X2 = 45.56, df = 4, P = 0.0001 
   Limited Labour   1019.50 46.34ab 
   Lack of basic knowledge  1929.50 68.91bc 
   Livestock health   2114.00 72.89bc 

   Feed scarcity    2659.00 91.69c 

declines during the dry season (Kaunda, 2011). 
The outcome is reduction of over 40% in milk yield; 
reduced feed intake, distortion of the estrus cycles, poor 
body condition and long calving intervals (Lukuyu et al., 
2011). Farmers therefore miss opportunities on proceeds 
from milk sales and time before next calving during 
the dry season as a result of feed scarcity. Uganda has 
the potential to produce enough feed in form of agro-
industrial by-products which are high in protein and 
medium in energy levels (Mubiru et al., 2011).

Farmers ranking of feed resource utilization in 
smallholder dairy farming system
Kruskal–Wallis test showed that there was a significant 
difference (P = 0.0001) among farmers’ ranking 
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on different feed resource availability in LVZ. The 
significant differences in farmers’ ranking on levels of 
availability of feed resources were maintained among the 
districts (Table 5).

Farmers’ ranking on utilization of natural pastures was 
ranked highest in Buikwe Jinja and Mayuge with mean 
rank of 93.9, 72.16 and 91.69, respectively. While in Jinja 
district smallholder farmers ranked agro-industrial by-
products as immediate alternative (mean ranks = 55.34). 
Farmers ranked utilization of crop residues as a second 
alternative in Mayuge and Buikwe (Mean rank = 76.8, 
72.89) respectively.

The farmers reported that utilization of natural pastures is 
limited to wet seasons. It was further observed that milk 
fluctuations in wet season and dry season in smallholder 
dairy farming system was because of high dependence on 
natural pastures which depend on natural rains/seasons. 
Other feed resources utilized were fodder pastures and 
legumes. The high cost of commercial feeds affected its 
utilization which was attributed to limited investment 
by entrepreneurs in value addition to the abundant agro 
industrial by-products. Lukuyu et al. (2011) identified 
poor livestock nutrition, lack of basic knowledge as 
well as unfair balance of trade in smallholder farms as 
important challenges that need urgent attention. 

Availability of labour in smallholder dairy farming 
system 
The activities performed in the smallholder dairy cattle 
farming system are shown in Table 4. Most of these are 

performed daily, implying that smallholder dairy farming 
is a labour intensive system. There was no distinct age 
and sex division of labour, but all gender contributed in 
all activities. However, there were disparity in level of 
labour contribution between men, women and children 
for dairy production activities. In Buikwe and Mayuge on 
average, men contributed more labour (41.4 and 40.9%) 
respectively in the dairy unit more than women in the 
same districts (22.1 and 24.1%) respectively. Women’s 
labour contributed was highest in shade cleaning (48, 
42 and 51%) in Buikwe, Jinja and Mayuge respectively 
than in any other activity while men contributed highest 
in chopping and feeding, milking, marketing of milk and 
spraying against ticks. 

In general, women tended to contribute highest labour 
to tasks that are performed daily while for men it was 
mainly in tasks that generate income or are performed 
weekly or seasonally. For example, milking and 
marketing of milk while cleaning is carried out daily 
becomes a woman activity. In Jinja, labour contribution 
to the dairy unit was mainly towards hired labour who 
contributed 50.60% of labour requirement in all dairy 
production activities. 

The contribution of children in dairy unit was low (12, 
5.5 and 3.1%) in Buikwe, Jinja and Mayuge respectively 
for total labour contribution. It is important to note that 
all decisions in smallholder dairy production system 
were made by household heads majority of whom were 
men. Nonetheless, the family labour was not sufficient 
enough to handle the dairy unit and significant labour 

Table 4. Farmers ranking on feed resources available in smallholder dairy farming system
District  Feed resources    Sum of ranks Mean of ranks (Chi2, df, p-value)
Buikwe  Agro-industrial by-products  2700.5  67.5a  Chi2 = 28.28, df = 4, p < 0.0001
  Fodder pastures   3235.5  83.0ab 
  Legumes    4102.5  105.2bc 
  Crop residues    4797.0  119.9c 
  Natural pasture   4865.5  121.6c 
  Agro-industrial by-products  2700.5  67.5a 
Jinja  Legumes   1264.5  50.6a  Chi2 = 9.53, df = 4, p = 0.049
  Fodder pastures   1343.5  58.4a 
  Crop residues    1350.0  64.8a 
  Natural pasture   2603.0  76.6a 
Mayuge Legumes   2315.0  64.3a  Chi2 = 47.76, df = 4, p < 0.0001
  Fodder pastures   2458.0  68.3a 
  Agro-industrial by-products 2741.0  76.1a 
  Crop residues   4133.0  114.8b 
  Natural pasture   4643.0  129.0b 
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was sourced from outside the smallholder dairy farmers 
household particularly in Jinja and Mayuge (50.6 and 
33%) respectively. This implied that external labour is 
critical for the success of the smallholder dairy farming. 
This scenario was also reported by Njarui et al. (2012) 
who found out that hired employees contributed about 
50% of the entire labour requirement in the dairy unit in 
the peri-urban areas of East and Central Africa. 

Challenges of milk marketing in smallholder dairy 
farming system
Kruskal-Wallis test showed that the challenges with raw 
milk marketing in LVZ according to farmers ranking 
were all significant in the three districts (X2 = 32.79, P = 

0.0001; X2 = 17.52, P =0.002; X2 = 33.12, P = 0.0001) 
of Buikwe, Jinja and Mayuge respectively. Poor price 
(mean rank = 71.02, 41.39 and 63.45) was the major 
challenge. Unstable milk price was ranked the second 
major challenge in all the districts (mean ranks = 56.37, 
35.61 and 47.47) in Buikwe, Jinja and Mayuge. The 
results are consistent with Njarui et al. 2012 who reported 
poor milk price as a major challenge in peri-urban areas 
of East and Central Africa. Limited value addition to the 
highly perishable milk rendered it rather difficult to fetch 
reasonable prices despite its local demand at the farms. 
The variations in milk output proved the high dependence 
of natural pastures as source of nutrients that depends 
on rainfall. Generally during the wet season, there was 

Table 5. Labour availability in smallholder dairy farming system
Activity Individuals performing the activity %
    Buikwe   Jinja    Mayuge
   W H C HR W H C HR W H C HR
Garden preparation 
and crop planting  52 21 10 17 63 9 7 21 69 5 8 18
Harvesting and 
transportation of feed  11 41 14 34 16 23 8 53 19 25 1 55
Chopping and feeding 8 54 7 31 8 38 4 50 5 35 6 64
Water collection and 
watering animals  47 12 13 28 18 9 6 67 22 26 0 52
Shed cleaning  48 10 10 32 42 8 4 46 51 5 4 40
Milking   2 66 14 18 5 34 5 56 9 77 2 12
Marketing   2 66 14 18 5 34 5 56 9 77 2 12
Spraying the animals  7 61 14 18 5 34 5 56 9 77 2 12
Average  22.1 41.4 12 24.5 20.2 23.6 5.5 50.6 24.1 40.9 3.1 33.1
H=Husband; W=Wife; C=Children; HL=Hired labour

Table 6. Farmers rankings of challenges in milk marketing
District   Variables    Sum of ranks Mean of ranks   (Chi2 , df, p-value)
Buikwe  Long distances to market 320.00  21.33a  X2 = 32.79, df = 4, P = 0.0001
  Delayed payments   634.50  37.32ab 
  Perishable product   1165.50  52.98bc 
  Unstable price    1296.50  56.37bc 
  Low price    1633.50  71.02c 
Jinja  Delayed payments   152.50  16.94a  X2 = 17.52, df = 4, P = 0.002
  Perishable product  187.00  18.7a 
  Long distance to market  412.50  31.73ab 
  Unstable price    498.50  35.61ab 
  Low price   579.50  41.39b 
Mayuge Delayed payments   217.50  16.73a  X2 = 33.12, df = 4, P = 0.0001
  Long distances to market 473.50  31.56ab 
  Perishable product   902.00  47.47bc 
  Unstable price    966.00  48.3bc 
  Low price    1269.00  63.45c 
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improved feed availability leading to increased milk 
output per household and low prices while in the dry 
season milk output was low resulting in increased prices. 

Conclusions and recommendations
It was evident in the study that smallholder dairy farmers 
are aware of the challenges in components and their 
interactions in smallholder dairy farming system in LVZ 
Uganda. Although a number of challenges were fronted 
to explain poor productivity of smallholder dairy farms, 
majority of the farmers attributed poor productivity to 
feed scarcity that leads to poor dairy cattle nutrition. 
The core challenge was to make timely decisions on 
available feed resources to offset the outstanding threats 
of declining productivity. Smallholder dairy farmers in 
Buikwe district ranked lack of knowledge as a second 
major challenge while farmers of Mayuge and Jinja 
districts ranked livestock health. In terms of labour 
contribution into smallholder dairy farming system men 
contributed more in Buikwe and Mayuge districts while 
women contributed more in Jinja district. Sustainable 
productivity improvement of smallholder dairy farming 
system in LVZ Uganda must focus on feed scarcity as an 
immediate challenge. Further research on management of 
feed resources is recommended to accumulate adequate 
data for developing capacity to generate sustainable 
options for improved nutrition. It is also necessary to 
conduct scientific experiments on enhanced utilization 
of crop residues and agro-industrial by- products since 
farmers ranked them second to natural pastures.
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Abstract
Mapping populations are continually being developed from lines that exhibit effective levels of resistance to 
Ug99 and related group of races in order to identify and characterize stem rust resistance genes. To initiate 
a Marker Assisted Selection (MAS), choice and purity of parents is paramount. The objective of this study 
was to verify the purity of two mapping populations that are being used for gene postulation and breeding 
for stem rust resistance.  Five seeds of each of the parents used to develop Cacuke/Kingbird and Robin/
Kwale mapping populations were sown (identified as 1 to 5 of each parent) and used to genotypically verify 
their purity. DNA was extracted from leaves of four week old plants and genotyped with 10 microsatellite 
markers, 5 from Chromosome 1D and 5 from 6A. Genotypes of Cacuke and Kingbird all had similar 
banding patterns across the five genotypes indicating that they were pure. Genotypes 1 and 2 of Kwale had 
a similar amplification pattern that differed with the amplification patterns of genotypes 3, 4 and 5. The 
same was observed for the five genotypes of Robin where genotypes 1 and 2 had an amplification pattern 
that differed from that of genotypes 3, 4 and 5. Three hundred and fifteen F2:3 derived families of a Robin/
Kwale mapping population are being phenotyped for adult plant stem rust resistance to determine if the 
genetic impurity of the genotypes has any effect on the inheritance and segregation of genes, which will be 
valuable information in breeding.

Introduction
Successful plant breeding requires that seed sources 
for cultivars and genotypes remain pure and reliable. 
This ensures that subsequent activities and processes 
are credible. The same applies to mapping populations. 
Mapping populations are an important component to 
plant breeding and research. They prove an indispensable 
tool gene discovery of mapping and identification of 
genes responsible for various traits. 

The genuineness of a variety is an important 
characteristic of good quality seed (Kumar et al., 2012). 
Agronomic practices and the ecological characteristics 
of seed production areas affect the genetic quality of 
seed (Daniel et al., 2012). Use of seeds with low genetic 
purity have many detriments, among them segregation 
of the traits, lower yields and genetic deterioration of the 
varieties. Traditional purity tests relied on morphological 
markers that are time consuming and largely affected by 
environmental factors. Using DNA markers precision 
enables characterization of breeding materials on a level 
unaffected by time or environmental influences.
Molecular markers have various applications in plant 
science including their use to confirm hybridity, track 
alleles through generations of progeny, select those 
progeny containing desirable traits, confirm genotype-
phenotype correlations, and determine seed purity. 
Molecular markers are becoming more popular in 

breeding programmes as they are less labour intensive, 
accurate and the results are highly reproducible. 
Microsatellites have proved to be the current preferred 
molecular marker for purity identification in crops 
(Yashitola et al., 2002) due to its high efficiency, 
reproducibility and simplicity (Wu et al., 2010).
The objective of this study was to determine the genetic 
purity of parental genotypes used to develop two mapping 
populations developed for the study of disease resistance 
to stem rust race Ug99.

Materials and methods
Plant materials and DNA isolation
Genotypes Cacuke, Kingbird, Robin and Kwale were 
selected for use in this study to develop mapping 
populations, an F2 Robin/Kwale population and an F5 
Cacuke/Kingbird population that are both being used to 
study  genes for resistance to stem rust Ug99. Seeds for 
the genotypes were acquired from the KARI Seed Unit 
- Njoro. 

Ten seeds of each genotype were planted screen house 
at KARI-Njoro. Four weeks after planting, five plants 
of each genotype were randomly selected for leaf tissue 
sampling for DNA isolation. The individual plants 
samples were identified with numbers from one to five. 
Isolation of DNA was done using a modified protocol 
of the Doyle and Doyle, 1990 CTAB DNA isolation 
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procedure. Quantification was done using agarose gel 
electrophoresis.

SSR analysis
The genotypes were analyzed for genetic purity and 
uniformity using microsatellite markers from the wheat 
genome. Five markers were picked from chromosome 1D 
and five from chromosome 6A as shown in the Table 1.

Table 1. Identities of SSR markers used for determination 
of genetic purity
No. Markers from   Markers from    
 chromosome 1D Chromosome 6A 
1 cfd48   Gwm427
2 Gdm111  Psp3152
3 Psp3000  Wmc179
4 Wmc147  Barc113
5 Wmc216  Wmc243

 
Genotypes one and two for both Kwale and Robin 
produced bands of the same size, that differed from the 
band sizes produced by genotypes three, four and five. 
This indicated the seeds of Robin and Kwale were mixed 
and not genetically pure. This was also indicated by the 
genetic diversity that were highest among the Robin and 
Kwale genotypes as seen in Table 3.

The Highest PIC was observed for marker cfd48 on 
Kwale and wmc243 on Robin, indicating that with further 
testing and validation these two markers could be used 
effectively to differentiate the two different genotypes 
within the Kwale and Robin populations. 
Impurity may occur due to several reasons, among them 
volunteer plant contamination during seed multiplication 
or mechanical mix up during handling.  

 

1000ng   500ng   250ng   100ng     K1       K2       K3        K 4       K 5         C1        C2         C3        C4        C5 
 

Genetic diversity
Allele frequencies and diversity indices were calculated 
using Excel Microsatellite Toolkit add-in utility that 
contains tools for population geneticists working with 
microsatellites (Park, 2001). The genetic diversity 
statistic He was calculated per population, as described 
by Nei, (1978).

Results and discussion
The quality of DNA isolated was suitable for use in SSR 
analysis as shown in Figure 1. Each marker produced 
an average of two alleles per loci. After screening 
the genotypes with the selected SSR markers, all the 
genotypes of Cacuke produced similar sized banding 
patterns across all the five samples as shown in Table 2. 
The five genotypes of Kingbird also produced similar 
banding patterns (Table 2).

Robin and Kwale genotypes produced banding patters 
that differed as shown in Table 2.

Conclusion 
Seed mix up is a common problem in breeding 
programmes. It is paramount that the genetic purity 
for any genotype is maintained. The populations 
developed with these genotypes are being phenotyped 
for analysis and it will be informative for use in breeding 
programmes.
Varietal purity is paramount; DNA fingerprint profiles for 
the different available cultivars should be done just as the 
phenotyping characterization is done.
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agarose gel stained with 2 μl of Ethidium Bromide.The first 4 samples are different concentration of lambda (λ) DNA in ng/ul
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Table 2. Allele sizes amplified from the different genotypes using selected SSR markers 

 
cfd
48     

gd
m1
11  

psp
300
0  

wm
c14
7  

wm
c21
6     

bar
c11
3     

gwm4
27  

psp
315
2  

wm
c17
9     

wm
c24
3     

Cacuke_
01  239  260  199  267     89  130  131     198  249  200     162  174  
Cacuke_
02  239  260  199  267  151  89  130  131     198  249  200     162  174  
Cacuke_
03  239  260  199  267     89  130        198  249        162  174  
Cacuke_
04  239  260  199  267     89  130  131     198  249  200     162  174  
Cacuke_
05                       122     213  222  198     160  172  
Kingbird_
01                       116     209  224  200  233  160  172  
Kingbird_
02  227  260  197  267  151  89  130  116     209  224  200  233  160  172  
Kingbird_
03  227  260  197  267  151  89  130  116     209  224  200  233  160  172  
Kingbird_
04  227  260  197  267  151  89  130  116  154  209  224  200  233  160  172  
Kingbird_
05  227  260  197  267  151  89  130  116     209  224  200  233  160  172  
Kwale_01  223  256  199  244  151  89  126  122     213  222  198     160  172  
Kwale_02  223  256  192  244  151  93  126  110     198  240  235     160  172  
Kwale_03  227  260  203     148  89  130  116     213  224  200  233  160  172  
Kwale_04  227  260  203     148  89  130  110  116  213  224  200  233  160  172  
Kwale_05  227  260  203     148  89  130  116     213  224  200  233  160  172  
Robin_01  239  260  199  267     89  130  131     198  249  200     162  174  
Robin_02  239  260  199  267  151  89  130  131     198  249  200     162  174  
Robin_03  227  260  203     148  89  130  116  120  213  224  200  233  160  172  
Robin_04  227  260  203     148  89  130  116     213  224  200  233  160  172  
Robin_05  227  260  203     148  89  130                          

Application of molecular markers in the verification of parental identities in stem rust resistance mapping populations

Table 3. Polymorphism information content (PIC) values 
for SSR markers and Genetic diversity indices of the 
different populations
  PIC values   
   Populations 
Locus   Cacuke    Kingbird     Kwale  Robin  
cfd48   0.375    0.375       0.6918  0.5478 
gdm111             
psp3000             
wmc147             
wmc216  0.375  0.375     0.6454  0.375 
barc113     0.375     0.375   0.375 
gwm427             
psp3152             
wmc179     0.375    0.375   0.375 
wmc243  0.5958  0.375    0.375              0.703125 
Genetic Diversity 
Population  Sample size    Loci typed    Unbiased Hz  
Cacuke   5   3   0.6254    
Kingbird  5   5   0.6508    
Kwale   5   5   0.7511    
Robin   5   5  
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Abstract
Stem rust caused by Puccinia graminis f.sp. tritici is still an alarming disease worldwide causing severe losses to 
wheat (Triticum aestivum L) production. Mutation of the wheat stem rust race Ug99 (TTKSK) into more virulent 
variants (TTKST and TTTSK) has increased interest in looking for different sources of resistance. The objectives of 
this study were to determine adult and seedling resistance to stem rust race Ug99 in Kenyan and introduced wheat 
germplasm. Two hundred and fifty three bread wheat lines from East African region, 20 recently selected Kenyan lines 
and 79 CIMMYT lines were evaluated for adult plant resistance in the field over two seasons and seedling resistance 
in the greenhouse. There was a disease response variation of 0-80S observed between and within the seasons. Forty 
six percent (46%) of the tested germplasm were susceptible in the 2013 season compared to 16% in the 2012. All the 
Kenyan Selected lines (KSL) except KSL1, KSL2 and KSL 3 were considered to have slow rusting resistance due to 
their low area under disease progress curve values (AUDPC). Seventy percent (70%) of the KSL lines were resistant 
performing better than CIMMYT lines (PCB) and the collections from East African region over the two seasons. 
Kenya Kanga, K6280 bulk, Kenya Chiriku, Kenya Swara, Kenya Kongoni are among the old Kenyan varieties that 
showed seedling resistance (1 to 2+) and adult plant resistance to the stem rust race Ug99. In addition, these varieties 
had Pseudo black chaff (PBC), a trait linked to Sr2 gene complex. PCB52, PCB54, PCB73, PCB75, KSL7, KSL15, 
KSL17, KSL18 among others had both seedling and APR genes due to the low reaction they exhibited to stem rust 
race Ug99 both in seedling and adult plant assays. This study indicates that resistant lines identified should be used to 
improve more locally adapted commercial varieties and to contribute to improved wheat production in the country.

Introduction
Stem rust of wheat caused by Puccinia graminis 
Pers. f. sp. Tritici has been reported to cause severe 
losses in wheat growing countries. There are several 
reported damages caused by stem rust; an epidemic in 
Ethiopia which resulted up-to 100% yield loss due to 
the susceptibility of their most popular cultivar ‘Enkoy’ 
(Temesgen et al., 1995), and 2007 in Kenya whereby 
100% yield losses were reported (Wanyera, 2008). In 
Minessota, North and South Dakota in 1994, the epidemic 
caused an estimated loss of USD 10 million (Campell 
and Long, 2001). Among the cereals, wheat production in 
Kenya has stagnated at 0.3 million tons since 2010 (FAO, 
2013). Wheat production and research in Kenya, started 
in the early 1900s (Martens, 1975; Mailu, 1997). Kenya 
among other countries in East and Central Africa are food 
insecure with 2.1 million people in need of humanitarian 
assistance (FAO, 2013). Bread wheat is cultivated in an 
estimated 150,000 ha producing approximately 300,000 
t of wheat annually against the consumption rate of 
approximated 900,000 t (KARI annual report, 2011) 
Small scale farmers comprise 80% of wheat producers 
but only produce 20% of wheat with 80% being produced 
by large scale farmers. In Kenya, stem rust race Ug99 
was confirmed in 2001 and its severity increased 
rendering most Kenyan cultivars susceptible. Mutation of 

the race making it more virulent have made the Kenyan 
cultivars more susceptible to Ug99 (Wanyera et al., 2006; 
Jin et al., 2008 and Jin et al., 2009).

Chemical control of Ug99 and its variants is expensive 
and not environmental friendly. Resistance breeding 
in wheat depends on vertical resistance or horizontal 
resistance which are the two genetic mechanisms for 
disease resistance in plants based on single and many 
genes respectively (Line and Chen, 1995; Singh et al., 
2000). Reduction in sizes of the uredia, longer latent 
period, low infection frequency, reduced duration and 
quantity of production of spore are some of the slow 
rusting components (Caldwell 1968; Wilcoxson, 1981), 
whereas wheat cultivars with vertical resistance show 
hypersensitive response limiting the establishment of 
pathogens in the host tissue. 

The recent epidemics due to the rapid spread of Ug99 and 
its variants have been caused by short lived resistance 
by the major genes and this has drawn interest to partial 
resistance genes as sources of more durable resistance. 
However, deployment of genetic sources of resistance 
has been emphasized (Dubcovsky et al., 2010) and can 
be achieved by combining 2-3 race specific or 3-4 race-
nonspecific genes (Chen, 2005). Thus, the aim of this 
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study is to identify new sources of resistance to stem rust 
by evaluating local and introduced lines. 

Materials and methods
Experimental site
The study was conducted at Kenya Agricultural Research 
Institute (KARI) Njoro, (0°20′S, 35°56′ E), 2185 meters 
above sea level in Nakuru County. This experimental 
site has an average daily minimum temperature of 9.7° 
C, maximum of 23.5° C and mean rainfall of 900 mm 
(Kenya Meteorological Station, Identification Number 
9031021). 

Genotypes
A total of 353 entries (21 Kenyan lines, 79 from 
CIMMYT and 253 exotic lines from different countries) 
were evaluated for both seedling and adult plant 
resistance. The susceptible variety CACUKE and 
resistant variety Danphe were used as checks in the field 
experiment, planted after every 20 test lines.

Field tests for adult plant resistance to stem rust
A seed rate of 15 g in two rows measuring 1.5 m 
separated with 25 cm path was used to plant each entry 
in the 2012 off season and 2013 main season. Di-
ammonium phosphate fertilizer (D. A. P: 18:46:0) at 
planting at the rate of 125 kg/ha (to supply an equivalent 
rate of 22.5 kg /ha of N and 25 kg/ha of P). Mixture 
of susceptible cultivars carrying Sr24 and Sr31 genes 
were used as spreaders and planted perpendicular to 
all entries for uniform rust pressure. Top dressing was 
done with CAN at the rate of 100 N kg/ha a month after 
planting. Herbicide Buctril MC which is a selective post-
emergence herbicide (Bromoxynil octanoate, 225 g/ha 
and MCPA (Ethyl Hexyl Ester, 225 g/ha) was applied at 
growth stage (GS) 20-29 (Zadoks et al., 1974) for control 
of annual broad leaf weeds. Bulldock (beta-cyfluthrin) 
was applied to control pest infestation at the rate of 31 
g/ha. 

Artificial epidemic of the disease was created by 
preparing inoculum from fresh spores (a mixture of 
susceptible cultivars carrying (Sr31+Sr24 genes) from 
the trap nursery at KARI-Njoro field. The plants were cut 
into small pieces and suspended in soltrol oil (Phillips 
Petroleum Co.) to prepare a solution (approximately 4 x 
106 spores/ml). The inoculum was then filtered and the 
spreaders were inoculated using a syringe between stem 
elongation and booting stage (GS 30-49) (Zadoks et al., 
1974). 

Data collection
Based on the size of pustules and the associated necrosis 
or chlorosis, infection responses were classified into 
four discrete categories: R = resistant, MR = moderately 
resistant, MS =moderately susceptible, S = susceptible, 
MRMS denoted an infection response that overlapped the 
MR and MS categories (Roelfs et al., 1992). Stem rust 
severity scoring begun when the spreader rows attained 
50% susceptibility based on modified Cobbs scale where 
0% = immune and 100% = completely susceptible 
(Peterson et al., 1948). Other agronomic traits measured 
were plant height. Average height of five plants per entry 
were recorded, spike length of five spikes per entry 
were averaged and a thousand kernel weight. Pseudo-
black chaff (PBC) data also taken as an indicator of the 
presence of Sr2 adult plant rust resistance gene. Disease 
scores were  taken three times with an interval of 10 days 
between heading (GS 50-69) and plant maturity (GS 70-
89) (Zadoks et al., 1974). 

Data analysis
Area under Disease Progress Curve (AUDPC) was 
used. It was computed using the following formula 
by (Wilcoxson et al., 1975) and AUDPC CIMMYT 
programme (CIMMYT, 2008)
AUDPC and final disease severity (FDS) values 
were used to compare the resistance of the cultivars. 
Coefficient of infection (CI) was also calculated by 
multiplying the final disease severity on the cultivars and 
the constant values for infection types based on (Stubbs 
et al., 1986) method where; R=0.2, MR=0.4, M=0.6, 
MS=0.8, S=1.

Greenhouse test for seedling resistance to stem rust
Three hundred and fifty three wheat germplasms were 
planted in 6 cm-diameter pots, transferred to growth 
chamber and allowed to grow to two leaf stage; Feekes 
scale 1 (Large, 1954). Twenty differential wheat 
lines were also planted along with the experimental 
lines to confirm the Ug99 race of the wheat stem 
rust pathogen (Jin et al., 2008). Purified stem rust 
spores were suspended in light mineral oil (Soltrol 
170) and concentration of the solution measured by a 
haemocytometer to get approximately 4×106 spores ml-
1. The seedlings at Feekes scale 1 were sprayed using a 
hand sprayer as a fine mist indirectly to avoid burning of 
the plants leaves and oil allowed to dry for 30 minutes 
before taking them to incubation chamber at 16-18º C 
temperature for 24-48 hours for sporulation to take place. 
Pots were then transferred to green house bench and 
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disease infection monitored. Seedling infection types 
were scored on a 0 to 4 scale whereby 0-2 (‘0’, ‘;’, ‘1’, 
‘2’) was considered as low infection type (IT) and 3-4 
(‘3’ and ‘4’) was considered as high IT (Stakman et al., 
1962).

Results
Among the tested 353 wheat germplasms for stem 
rust resistance in the KARI –Njoro field; 21 Kenyan 
selections (KSL), 79 lines from CIMMYT (PCBWR) and 
253 wheat collections from different countries, there was 
a variation noted between and within seasons. In 2012 
main season, 6 wheat lines (2%); Quamy, Bale, K6295-
4A, RFN, Kenya leopard and 1200M had immune type 
of infection response. However, 58 lines (16%) were 
susceptible, 120 lines (34%) were resistant and 166 lines 
(47%) had an M (moderately resistant and moderately 
susceptible) infection type. In 2013 main season, 1 line 
had an immune type of infection, 86 lines (24%) were 
resistant, 98 lines (28%) had an M infection type and 164 
lines (46%) were susceptible. CACUKE variety used as 
a susceptible check showed a very high disease severity 
of up to 100s in both seasons unlike Danphe which was 
resistant. There was a variation within seasons between 
KSL lines, PCBWR lines and the germplasm collections 
from different countries. Within the 2012 main season, 
KSL lines performed better than PCBWR lines having 
more than half of the tested lines being resistant and the 
253 collections were ranked last. In the 2013 off season, 
KSL lines also performed better than PCBWR lines and 
253 collections ranking last too. More tested lines were 
susceptible in the 2013 off season compared to the 2012 
main season meaning that the disease pressure in 2013 
was high compared to 2012 and this was  seen  during 
scoring when 164 lines were susceptible in 2013 and only 
58 lines were susceptible during the 2012 main season.
However, only 86 lines were resistant in 2013 whereas in 
2012, 120 lines were resistant. In the 2012 main season, 
AUDPC values for PCBWR lines tested ranged from 61-
685, KSL lines had AUDPC values that ranged from 75-
365 and for the 249 collections, it ranged from 0-1,015.

During the 2013 off season, KSL lines had AUDPC 
ranging from 75-425, PCBWR lines from 100-925 and 
253 collections ranging from 0-1,450. KSL 7, KSL13, 
KSL15, KSL17, PCB52, PCB54, PCB76, Kenya Kanga, 
Kenya Chriku and Kenya Kongoni are some of the tested 
lines/varieties that showed low IT of ‘;1’ to ‘2+’. These 
lines/varieties had adult plant resistance too. Some of the 
lines like; KSL1, KSL2, KSL20, PCB1, PCB3, PCB4, 

Kenya Hero and Kenya Kifaru had high IT of ‘3’ to ‘4’.

Conclusion and recommendations
New sources of resistance to stem rust were identified 
in the tested lines/varieties. Most of the KSL and 
PCB lines had adult plant resistance. Some of the old 
Kenyan varieties were also resistant for the two seasons. 
However, most of these varieties/lines that exhibited 
slow rusting resistance had seedling resistance and hence 
are considered as a perfect source of resistance to the 
threatening Puccinia graminis f.sp. tritici race Ug99 and 
its variants. This resistance should be incorporated into 
the most adapted but susceptible Kenyan commercial 
wheat cultivars which will in turn contribute to our 
national food security.
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Table1. Some of the bread wheat varieties having both adult plant and seedling resistance to stem rust race Ug99 at KARI-Njoro in 2012 
and 2013 

 
Line 

 
Cross 

FDS CI  AUDPC PBC SR 
2012 2013 2012 2013 2012 2013   

PCB11 FRNCLN*2/TECUE #1   30 MR 20 M 12 12 288 225 + 2+ 
PCB 52 MUU/KBIRD 5 RMR 20 MR 1 8 75 225 _ 2+ 
PCB 54 WBLL1/KUKUNA//TACUPETO 

F2001/3/QUAIU #2 25 MR 30 MR 10 12 190 325 _ 2+ 
PCB56 WHEAR/KUKUNA/3/C80.1/3*BATA

VIA//2*WBLL1/4/QUAIU 15 RMR 30 MR 3 12 115 275 _ 2+ 
PCB73 ONIX/KBIRD  20 MR 10 MR 8 4 173 100 _ ;1 
PCB 75 TUKURU//BAV92/RAYON/3/WBLL

1*2/BRAMBLING/4/WBLL1*2/BRA
MBLING 50 MR 15 MR 20 6 330 200 _ ;1 

KSL7 WBLL1*2/BRAMBLING/5/BABAX/
LR42//BABAX*2/4/SNI/TRAP#1/3/K
AUZ*2/TRAP//KAUZ 20 MR 15 MR 8 6 173 150 _ ;1+ 

KSL13 KFA/5/2*KAUZ//ALTAR 
84/AOS/3/MILAN/KAUZ/4/HUITES 10 RMR 10 M 2 6 81 125 _ 2+ 

KSL14 WAXWING/KIRITATI*2//YANAC 15 MR 5 RMR 6 1 115 75  ;1 
KSL15 CAL/NH//H567.71/3/SERI/4/CAL/NH/

/H567.71/5/2*KAUZ/6/PASTOR/7/YA
NAC/8/CAL/NH//H567.71/3/SERI/4/C
AL/NH//H567.71/5/2*KAUZ/6/PAST
OR 5 R 5 MR 1 2 75 80 _ ;1 

KSL16 TACUPETOF2001/6/CNDO/R143//EN
TE/MEXI_2/3/AEGILOPSSQUARRO
SA 
(TAUS)/4/WEAVER/5/PASTOR/7/RO
LF07 5 RMR 5 MR 1 2 75 100 + ;1 

KSL17 WBLL1*2/4/BABAX/LR42//BABAX/
3/BABAX/LR42//BABAX 10 MR 10 MR 4 4 133 125 _ 2+ 

KSL18 WBLL1*2/KURUKU/4/BABAX/LR42
//BABAX*2/3/KURUKU 15 MR 10 MR 6 4 153 125 _ 2+ 

Kenya 
Kongoni 

CI-
8154/2*FROCOR//3*ROMANY/4/WI
SCONSIN-245/II-50-17/CI-8154//2* 
FROCOR/3/TOBARI-66 5 RMR 5MR 1 2 75 75 + 1 

Kenya-
Swara 

CI-
8154/2*FROCOR/3/TIMSTEIN/2*KE
NYA//Y-59.2.B 5 R 5MR 1 2 75 100 + ;1 

Kenya 
Kanga 

MENCO/4/WISCONSIN-
245/SUPREMO 
51/3/2*FEDERATION/FRONTANA/
YAMESEK   5 R 5RMR 1 1 75 75 + 3- 

Kenya 
Chiriku 

KTB/(SIB)CARPINTERO 
5 RMR 10MR 1 4 75 75 _ ;1+ 

Kenya 
Nyati 

AFRICA-MAYO/2*ROMANY 
5 R 5MR 1 2 75 100 + ;1+ 

CI=Coefficient of Infection, AUDPC=Area under disease progress curve, PBC=Pseudo black chaff where + indicates presence of PBC trait 
S.R=Seedling reaction, Ug99= Stem rust strain, R=Resistant; presence of hypersensitive necrotic or chlorotic flecks but no uredinia, 
(M=MRMS); moderately resistant moderately susceptible, MR=Moderately resistant; small pustules surrounded by necrotic areas, 
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Abstract
Efficient selection of high yielding and stable genotypes is an overarching goal in many plant breeding programs. 
Concerted wheat improvement efforts have led to identification of superior bread wheat cultivars for Kenya. 
Notwithstanding, some of the released genotypes have proven unstable due to implicated genotype x environment 
interactions (GEI) manifested by rapidly changing rust (Puccinia sp.) races and lately, extremities in rain patterns. The 
objective of this research was to analyze the yields and stability of thirty nine bread wheat genotypes in six Kenyan 
environments, targeting traditional growing locations. Most of the studied genotypes had previously been identified to 
possess ‘adult plant resistance’ and/or a combination of this and seedling resistance to TTKSK (also known as Ug99) 
and related stem rust (Puccinia graminis f.sp tritici) races. In this work, yield response of seven recently released 
cultivars across environments was also evaluated based on the Additive Main effect and Multiplicative Interaction 
(AMMI) linear-bilinear model. The analysis of the biplot and triplot of genotypes and environments was conducted 
and the genotypes were classified according to Shukla’s stability variance and Kang’s yield stability statistics. AMMI 
results indicated there were significant (P≤ 0.01) genotype, environment, and genotype x environment interactions 
(GEI). The environment, contributing 81% to total sum of squares was the predominant source of variation followed 
by GEI which was ~ three times the genotypic effect, probably pointing to the existence of different environmental 
groups. Genotypes R1318, R1324, R1338, and K-Kingbird contributed most to GEI, indicating that those were likely 
the least stable, while genotypes R1313, R1340, and K-Wren had the least contribution. Overall, twenty two genotypes 
including cultivars Robin, K-Tai, and K-Sungura indicated the most optimal combination of high yields and stability 
and are further being evaluated in a wider set of environments. 

Introduction
Many traits of economic importance in crop plants 
including yield are quantitatively inherited and are 
controlled by a joint action of many genes. Moreover, 
traits of this nature to a large extent are subject to 
influences of the environment which necessitates multi 
environmental testing (MET). The objective is to discern 
changes in the relative behavior of test genotypes in the 
different environments, a phenomenon called genotype 
by environment interaction (GEI) (Kang, 2002; Bernado, 
2012). Dissection of GEI in breeding programs allows 
classification of genotypes based in changes in their 
ranking in two or more environments as either stable 
or adapted to a particular environment in terms of yield 
or other important agronomic feature including disease 
resistance. 

Stability is a measure of the ability of a genotype to be 
consistent, both with high or low yield levels in various 
environments. Adaptability has been defined as the 
adjustment of an organism to its environment (Kandus 
et al., 2010). A genotype that produces high yields 
in a given environment and poor yields in a second 
environment (Balzarini et al., 2005) is deemed to be 
better adapted in the former environment.

While many statistical methods are available to analyze 
GEI including combined ANOVA, stability analysis and 
multiplicative models (Kandus et al., 2010; Bernado 
2012), some of these have inherent limitations. For 
instance, although combined ANOVA is often used 
in identifying the existence of GEI in many breeding 
programs, the assumption of homogeneity of variance 
among environments utilized to determine genotype 
differences (Zobel et al., 1998) is impractical. In addition, 
this analysis hinders the exploration of response of the 
genotypes in the non-additive term meaning GEI (Gauch, 
1992; Zobel et al., 1998).

Stability analysis provides information on the 
performance of genotypes as a linear function of the 
level of productivity in each environment (Bernado, 
2012). Stability analysis that involves regressing the 
average of the genotypes on an environmental index 
(Yates and Cochran 1938; Finlay and Wilkinson, 1963; 
Eberhart and Russell, 1966;; Lin and Thompson 1975; 
Becker and Leon, 1988; Crossa, 1990) has weaknesses as 
exemplified in cases where only a few very low and very 
high yielding sites are included in the analysis, and the fit 
is determined by the genotype behavior in a few extreme 
environments. Lack of independence in various aspects 
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of linear regression as a measure of stability occurs, for 
instance, where the average of all genotype evaluated 
in each environment is not independent of the average 
of each genotype in a particular environment (Freeman 
and Perkins, 1971). Hence the errors associated with the 
slopes of the genotypes are not statistically independent 
(Kandus et al., 2010) which greatly bias results obtained 
with this measure.

As the name implies, a multiplicative model including 
those based on principal component analysis such as 
additive main effects and multiplicative interaction 
(AMMI) involves a product of a component due to a 
genotype and a component due to the environment in 
which the genotype is grown. Unlike stability analysis 
based on regression, multiplicative models allow the 
fitting of sum of several multiplicative terms, rather than 
only one multiplicative term for describing genotypic 
performance in different environments (Bernado, 
2012). The implementation of AMMI involves an 
analysis of variance for the effects due to genotypes and 
environments, and principal components analysis of the 
GEI (Gauch, 1988; Zobel et al., 1998). An additional 
merit of AMMI analysis is that it provides for graphical 
representations using biplots (Gabriel, 1971) which 
is helpful for visually interpreting the performance of 
genotypes in different environments (Bradu and Gabriel, 
1978; Kempton, 1984). Specifically, a biplot allow; the 
observation, in the same graph, of genotypes (points) and 
the environments (vectors) and also the exploration of 
patterns attributable to the effects of GEI (Kandus et al., 
2010). Kang 1993 proposed Yield stability statistic (YSi) 
for simultaneous selection of yield and stability. Other 
similar statistics are Shukla’s stability variance (Shukla, 
1972).

The goal of the wheat breeding program in is to identify 
and recommend high yielding widely adapted and stable 
wheat cultivars with the right combination of disease and 
pest resistance genes and of the desired end user quality. 
This study was undertaken to evaluate the GEI using 
AMMI for the yield of bread wheat lines in the terminal 
stages of variety development as well as recently released 
best cultivars.

Materials and methods
Thirty seven bread wheat lines preselected mainly from 
the Borlaug Global Rust Initiative (BGRI) nurseries 
showing Adult Plant Resistance (APR) to stem rust 
(Puccinia graminis f sp. tritici) and an additional 

eight recently released Grain yield of all 45 genotypes 
(Table1) were evaluated in field trials conducted in 
2012 at Eldoret, Njoro, Narok, Naivasha, Kinamba 
and Olkalou. The first four locations are traditional 
wheat growing areas with Eldoret and Njoro regarded 
as high rainfall testing sites while Narok and Naivasha 
are deemed marginal. Moreover, Eldoret and locations 
within its vicinity have acidic soils and cultivars tolerant 
to this abiotic stress are important. Both Kinamba and 
Olkalou are considered as prime localities where wheat 
production has a huge potential. The design used in 
all locations was a randomized complete block design 
with two replications. Weed control was achieved in all 
experiments using Buctril MC®, a broad spectrum post 
emergence herbicide. For analysis, each combination of 
location and year was regarded as an environment for a 
total of six environments while grain yield per plot was 
measured, and the data were expressed as t/ha. An AMMI 
model was fitted to the data firstly by the main effects 
of genotype and environments (without interaction), 
then, principal component analysis was fitted using the 
standardized residuals that include the experimental error 
and the effect of GEI. The fitted AMMI model was: 

Yij = μ + Gi + Ej +Σ λk αik γjk + eij

Where 
• Yij is the observed mean yield of the ith genotype in
• the jth environment,
• μ is the general mean,
• Gi and Ej represent the effects of the genotype and 
environment, respectively,
• λk is the singular value of the kth axis in the principal 
component
• analysis,
• αik is the eigenvector of the ith genotype for the kth axis,
• γjk is the eigenvector of the jth environment for the kth 
axis,
• n is the number of principal components in the model,
• eij is the average of the corresponding random errors.

AMMI analysis and generation of a GGE biplot and 
triplot was performed using the Agricolae package 
version 1.1.4 (Felipe de Mendiburu, 2013) implemented 
in R (R Development Core Team, 2011). This package 
was similarly used to estimate Kang Yield stability (YSi) 
and Shukla’s stability variance. GGE biplot and triplot 
helped explore patterns generated by GEI, to discover 
which genotypes obtained highest and lowest yields in 
each environment and to discern mega environments. 
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Cultivars at different stages of commercialization 
including Robin, Eagle10, K. Tai, K.Sunbird, K.Wren, 
K.Korongo, and K.Hawk were assembled for this study. 

Results
The first two principal components of the AMMI 
model explained 74% of the variability observed in 
the yield data across environments (Fig. 1, Table 2). 
Three principal components cumulatively accounted for 

91% of the variability in the data set (Fig. 2, Table 2). 
Positive GEI was inferred where the angle between a 
genotype and an environment in consideration was acute, 
while it was negligible for right angles and negative 
for obtuse angles. Examples of GEI identified in this 
study are provided in Table 3. The results in this table 
are an extraction from the biplot and triplot presented 
as Figure 1 and Figure 2 respectively, where genotypes 
are represented by numbers and environments by test 
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Table 1. Bread wheat genotypes tested for yield potential stability across environments in Kenya 

Genotype1 
Entry 
number Identity/ Pedigree 

R1313 1 C 29 SAWSN 2010 
R1314 2 Ethiopia 2010 
R1315 3 28th SAWSN /09 
R1316 4 Ethiopia 2010 
R1317 5 KSW/7/CAL/NH/H567.71/3/SERI/4/CAL/NH//H567.71/5/2*KAUZ/6/PASTOR/8/CAL/… 
R1318 6 QUAIU/5/FRET2*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ 
R1319 7 BAV92//IRENA/KUZ/3/HUITES*2/4/CROC_1/AE.SQUARROSA (224)//KULIN/3/WESTONIA 
R1320 8 ICARDA 5th ISRTN 2010 

R1321 9 4th SRRSN 2010 
R1322 10 TACUPETO F2001/6/CNDO/R143//ENTE/MEXI_2/3/AEGILOPS SQUARROSA (TAUS)/4/… 
R1323 11 Ethiopia 2010 
R1324 12 KIRITATI//HUW234+LR34/PRINIA 
R1325 13 WBLLI*2/KURUKU/4/BABAX/LR42//BABAX*2/3/KURUKU 
R1326 14 4th SRRSN 2010 
R1327 15 TACUPETO F2001/6/CNDO/R143//ENTE/MEXI_2/3/AEGILOPS SQUARROSA (TAUS)/4/… 
R1328 16 TILILA/JUCHI/4/SERI.1B//KAUZ/HEVO/3/AMAD 
R1329 17 TILILA/JUCHI/4/SERI.1B//KAUZ/HEVO/3/AMAD 
R1330 18 C 30 SAWSN 2010 
R1331 19 KENYA NYANGUMI/3/2*KAUZ/PASTOR//PBW343 
R1332 20 C 30 SAWSN 2010 

R1333 21 CAL/NH//H567.71/3/SERI/4/CAL/NH//H567.71/5/2*KAUZ/6/PASTOR/7/YANAC/8/CAL/NH//H567.71/… 
R1334 22 WBLLI*2/TURUKU/7/CNDO/R/143//ENTE/MEXI_2/3AEGILOPS SQUARROSA (TAUS)/4/WEAVER/… 
R1335 23 TACUPETO F2001/6/CNDO/R143//ENTE/MEXI_2/3/AEGILOPS SQUARROSA (TAUS)/4/WEAVER/… 
R1336 24 C 29 SAWSN 2010 
R1337 25 PBW343*2/KUKUNA//YANAC 
R1338 26 ROLF07/YANAC//TACUOETO F2001/BRAMBLING 
R1339 27 ROLF07*2/KIRITATI 
R1340 28 FRET2/KUKUNA//FRET2/3/PARUS/5/FRET2*2/4/SNI/TRAP#1/3/… 
R1341 29 PBW343*2/KUKUNA//SRTU/3/PBW343*2/KHVAKI 
R1342 30 WAXWING/6/PVN//CAR422/ANA/5/BOW/CROW//BUC/PVN/3/YR/4 
R1343 31 MUNAL #1 

R1344 32 FRET2/KUKUNA//FRET2/3/PARUS/5/FRET2*2/4/SNI/TRAP#1/3/… 
R1345 33 ATTILA*2//CHIL/BUC*2/3/KUKUNA 
R1346 34 FRET2*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ*2/6/PVN//… 
R1347 35 WHEAR//2*PRL/2*PASTOR 
R1348 36 WBLL1*2/VIVITSI/4/D67.2/P66.270//AE.SQUARROSA (320/3/… 
R1349 37 TACUPETO F2001/BRAMBLING//KIRITATI 
Robin 38 BABAX/LR42//BABAX*2/3/TUKURU 
Eagle 10 39 EMB16/CBRD//CBRD 
K.Tai 40 ND643/2*WBLL1 
K.Sungura 41 ND643/2*WBLL1 
K.Wren 42 THELIN#2/TUKURU 

K.Korongo 43 BABAX/LR42//BABAX*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ 
K.Hawk 44 URES/JUN//KAUZ/3/BABAX/4/TILHI 
K.Kingbird 45 TAM200/TUI/6/PVN/CAR422/ANA/5/BOW/CROW//BUC/PVN/3/YR/4/TRAP#1 
1 Genotypes coded as R numbers were preselected from rust screening nurseries while the rest are recently released commercial varieties. 
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Table 2. Principal components as analysed through AMMI model
 %  % (cumulative)  df Mean   Square  F-Value Pr(>F)
PC1 53.1 53.1   48 1.2225  5.21  0.0000
PC2 20.7 73.8   46 0.4975  2.12  0.0000
PC3 16.9 90.7   44 0.4241  1.81  0.0015
PC4 5.8 96.5   42 0.1523  0.65  0.9574
PC5 3.5 100.0   40 0.0968  0.41  0.9996
PC6 0.0 100.0   38 0.0000  0.00  1.0000

Table 3. Examples of genotypes with positive, negligible, or negative interaction with respective environments
Nature of GEI Environment
  Eldoret  Njoro  Narok  Naivasha Kinamba Olkalou
Positive  R1323  R1319  R1327  R1321  R1323  R1317
  R1340  R1320  R1328  R1325  R1346
  R1347  R1332  R1330  R1347  R1347
  R1334  R1341  K. Wren Robin
    K. Kingbird    
Negligible      
  K. Sunbird K.Sunbird R1323  R1323  K. Sunbird K. Sunbird
    K. Kingbird R1340  R1316  R1314
      K. Kingbird K. Kingbird R1316
Negative      
  R1323  R1323  R1345  R1327  K. Kingbird
  R1340  R1340  R1321  R1338  
  R1347  R1347  Robin

Table 4. Mean squares of the ANOVA for yield of bread wheat lines in the six considered environments
    Source  df  MeanSquare F-Value Pr(>F)
Genotype   44  1.081  4.605  2.2 e-16 ***
Environment   5  244.1  14  637.824 4.0 e-14 ***
Rep (Environment)  12  0.383  1.630  0.1
Genotype x Environment 220  0.502  2.139  1.3  e-12 ***
Error    528  0.235  
Total    809  246.315  
CV= 23.85                                                             *** Significant at P < 0.001

location’s name. For instance, the recently released 
cultivar Robin seem to be better adapted to Olkalou 
environment rather than Narok while cultivars K. 

Kingbird and K. Wren are better adapted in Njoro and 
Kinamba environments respectively.
On the other hand, while cultivar K. Kingbird didn’t 
depict significant specific adaptation to Narok and 
Naivasha environments, it indeed showed negative 
adaptation in the Kinamba and Olkalou environments. 
In addition the cultivar K. Sunbird that is yet to be 
fully commercialized was poorly adapted in most 
environments including Njoro, Eldoret, Kinamba, and 

Olkalou. The correlation between pairs of environments 
was interpreted as the angle formed by the vectors 
of those environments. Given this interpretation, the 
environments Eldoret, Kinamba, and Olkalou were 
similar in their discrimination of the genotypes, being 
highly correlated and associated with positive values of 
principal component 1 PC1 (Fig. 1) In the same regard, 
the environments Njoro and Narok were completely 
opposite in their ability to discriminate the test genotypes, 
being associated with negative values of PC1. Moreover, 
environments Njoro and Naivasha were associated with 
negative values of principal component 1 PC2 indicative 
of their dissimilar discriminative power. Genotypes 

Coincident AMMI based selection for high yielding and stable bread wheat genotypes in typical rust prone environments of Kenya
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closest to the origin on the biplot (Fig. 1) including 
R1322, R1327, and K. Sunbird were more stable across 
environments.  
  
Shukla’s stability variance.  However, this was highly 
significant (P<0.01) for genotypes R1328, R1329, 
and K.Wren. The mean square for the effect of the 
environment was greater than the sum of squares for 
the effect of the genotypes plus the GEI, being 81% 
and 10% of the total sum of squares respectively (Table 
4). Genotypes that combine high yields and stability 
(which allows for simultaneous selection of both traits 
based on Kang’s stability statistic - YSi) were: R1318, 
R1320, R1323, R1324, R1328, R1329, R1333, R1335, 
R1337, R1338, R1339, R1340, R1341, R1344, R1345, 
R1346, R1347, Robin, Eagle10, K.Sunbird, and K.Wren. 
Specifically these genotypes had values of YSi > mean 
YSi.

Discussion
The commercial success of a variety is greatly influenced 
by its performance across a range of environments 
in which it has to be grown. This implies that the 
interaction of genetic and non-genetic factors, termed 
GEI must carefully be evaluated and interpreted to 
inform variety recommendation decisions. Recent effort 
in the Kenyan wheat breeding programs is directed 
at developing varieties that are resilient and that can 
perform well in environments that characteristically are 
prone to rust diseases, temporal and spatial variation in 
rainfall distribution, and high temperatures at critical 
wheat growth stages amongst other predictable and 
unpredictable factors. Where GEI arises due to variation 
in predictable environment factors, breeders have the 
alternative of either developing specific varieties for 
different environments (e.g. locations, soil type) or 
broadly adapted cultivars that are positively responsive 
to variable conditions. Since GEI in the Kenyan 
wheat growing environments results from variation in 
unpredictable environmental factors, it behooves that 
wheat breeders develop stable genotypes that can perform 
well under a range of conditions. To be of practical utility 
in breeding or a variety testing program, both stability 
and yield must be considered simultaneously so as to 
make selection of genotypes more precise and reliable.   
In the present study, AMMI successfully detected 
environments that have similar discriminative power 
probably pointing to mega-environments. These results 
will need to be collaborated with that from tests in a 
wider set of environments currently underway. It will 

be instructive if genotypes positively associated with 
specific environments remain stable here since this 
will suggest that these genotypes are recommended for 
those environments. Following a similar interpretation, 
genotypes that were found to interact negatively with 
specific environments will not be recommended for 
those environments if this outcome remains consistent 
in the wider set of environments. Genotypes that have 
negligible interaction with various environments possess 
wide adaptability and would be recommended for all or 
most environments. 

Both Shukla’s stability variance and Kang’s stability 
statistic add an important dimension to the variety 
recommendation criteria. In the present results these 
values helped identify genotypes that combine high 
yield and stability across environments. These group of 
genotypes provides the best opportunity of picking new 
cultivars that could outperform the checks. Most of the 
recently released cultivars including Robin and Eagle 10 
were found to optimally combine high yields and stability 
at least in the present test environments.  
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Abstract
Wheat (Triticum aestivum L.) is the second most important cereal crop after maize in Kenya. However, over the last 
decade the wheat demand has increased to 6% annually leading to imports of 0.6 t each year due to low production. 
Wheat production is constrained by a number of factors among which rust diseases are the most important. Wheat 
leaf (brown) rust caused by Puccinia triticina is one of the most important foliar diseases of wheat worldwide. The 
main objective of this study was to identify pathotypes or physiological races of P. triticina during the year 2011-
2013 cropping seasons. Sets of leaf rust differentials from CIMMYT were planted in the greenhouse and the seedlings 
inoculated with leaf rust urediniospores collected from infected wheat plants from the International Screening Nursery 
(ISN) at Kenya Agricultural Research Institute, Njoro and Ololulung’a in Narok County. The leaf rust samples were 
analysed for the presence of new races using the North American differential sets and nomenclature for leaf rust. 
Different infection types were recorded and the disease reactions ranged from 0 to 4. In the year 2011, virulence was 
noted for leaf rust genes, Lr1, Lr2b, Lr3, Lr9, Lr11, Lr12, Lr14a, Lr14b, Lr18, Lr20, Lr22a, Lr23, Lr24, Lr26 and 
Lr27 for the isolate from ISN, Njoro. The race for the isolate collected from Ololulung’a in Narok, was designated as 
LBBTN. The results revealed that most of the current wheat varieties are susceptible to leaf rust therefore there is need 
to incorporate leaf rust into the breeding programme to develop resistant varieties. 

Characterisation of wheat leaf rust races in Kenya
M. Wamalwa1 and R. Wanyera2

1Egerton University, P.O. Box 536-20115, Egerton
2Kenya Agricultural Research Institute, P.O. Private Bag - 20107 Njoro

Introduction
Wheat leaf rust caused by Puccinia triticina Eriks is the 
most common and widely distributed of the three wheat 
rusts and occurs more regularly than stem rust and stripe 
rust (Kolmer, 2005; Cherukuri et al. 2005). The earliest 
epidemics of this rust was reported in Kenya as early 
as 1908 (Thorpe,1959) and therefore, is considered to 
be among the major two wheat rusts (stem and yellow) 
responsible for depressing crop yields drastically, 
depending on the variety. Yield losses attributed to leaf 
rust have been reported to range from 5% to 16% on 
average, and up to 40% in epidemic years (Bolton et al., 
2008). Yield losses are usually the result of lower kernel 
weights and decreased number of kernels. Effective 
fungicide control is available but is expensive especially 
for farmers in developing countries. 

The production of the wheat in Kenya is highly affected 
by rusts, stem rust (P. graminis tritici Pers.), yellow rust 
(Puccinia striiformis Westend) and leaf rust (Puccinia 
triticina). Wheat is the second most important cereal 
crop in Kenya after maize in terms of production and 
consumption and therefore a strategic pillar contributing 
to Kenya’s food security and livelihood support (KARI, 
1991). In Kenya, the disease has appeared sporadically 
and has not been a problem for the past 20 years, but 
it has recently emerged in the wheat fields, and in 
experimental plots, including the international screening 

nursery with severity of over 50%. 

The most economical method of controlling wheat 
rust is through host resistance. Adult plant resistant 
together with seedling resistant genes determine the 
host resistance to leaf rust (Kolmer, 1992; Kolmer, 
2003). Rust pathogens are capable of changing through 
mutation (Park, 2008). Leaf rust is no exception, and 
is mutating and migrating rapidly. Leaf rust races were 
first determined by Mains and Jackson (1992). Thaw 
(Lr20) Gaza, Spica, and Kenya1483 were added to the 
supplemental differential cultivars for North America in 
order to identify Australian and New Zealand races of 
leaf rust (Waterhouse, 1952; Watson and Luig, 1961). 

In 1986, researchers on wheat leaf rust designed a 
nomenclature system for designing virulence combination 
of Puccinia triticina which is designated by a four letter 
code followed by a hyphen and a list of ineffective host 
genes in any supplemental differential host set (Long 
and Kolmer, 1989). In Kenya the disease has received 
less attention with the presence of stem and yellow rusts 
becoming more aggressive. Like the other two rusts, leaf 
rust can spread very fast creating an epidemic in a matter 
of days if humidity and relatively warm temperatures 
prevail. There is no information on leaf rust races present 
in Kenya. Therefore, the objective of this study was to 
characterize wheat leaf rust races in Kenya using the 
North American differential sets and nomenclature.
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Materials and methods
The study was conducted in the greenhouse at Kenya 
Agricultural Research Institute (KARI) at Njoro (00 
20’S 35056’E) situated at an elevation of 2185 m above 
sea level and Narok (010 01’S and 350 40’E and 1979 m 
above sea level). Forty four cultivars, near isogenic lines 
(NILs) of Thatcher wheat varieties that differ for single 
leaf rust resistance genes were tested with isolates of leaf 
rust collected during surveys in 2011 - 2013 crop cycle in 
Kenya.

Characterization of leaf rust isolates
Leaf rust urediniospores collected from the ISN, Njoro 
and Narok County, Ololulunga wheat commercial fields 
were analysed for the presence of new races using the 
North American differential sets and nomenclature for 
leaf rust from CIMMYT. Each set of the differential was 
planted in 6.5cm plastic pots filled with vermiculite in 
the green-house. In every pot there were four lines of 
the differential set. The urediniospores were suspended 
in soltrol oil and inoculated on seven day old seedlings. 
The plants were incubated in a chamber kept moist by 
frequent spraying with water under high relative humidity 
of 80-100%, and temperature of 18-22o C. Infection types 
were recorded 14 days after inoculation using 0-4 scale 
(Long and Kolmer, 1989). A susceptible wheat variety 
Chiriku was used as a check. 

Disease assessment
Scoring of leaf rust symptoms was performed 14 days 
after inoculation. Infection types (ITs) of P. triticina 
on wheat lines were quantified using a standard 0 to 4 
scale, where 0 = immune, hypersensitive fleck without 

uredinia, 1 = small uredinia surrounded by necrosis, 2 
= small uredinia surrounded by chlorosis, 3 = moderate 
size uredinia that may be associated with chlorosis, and 
4 = large uredinia without chlorosis. Mixtures of two ITs 
on the same leaf were represented by ITs, with the most 
common IT listed first. Designations of + and – were 
used with the 0 to 4 scale to indicate larger and smaller 
uredinia than normal, respectively (Fig 1). The isolates 
were assigned to five-letter race designation based on 
high and low ITs on 20 Thatcher-derived NILs. 

Nomenclature and designation of races
To designate physiological races of wheat leaf rust, the 
response (avirulence/virulence) exhibited by the genes 
used as differentials and the nomenclature is based on the 
response of the genes on the basis of whether the race is 
avirulent or virulent and uses a binary notation.

Results and discussion
In 2011, leaf rust disease reactions ranged from 0 to 4. 
The leaf rust isolate from Njoro was avirulent on leaf 
rust genes Lr13, Lr15, Lr16, Lr17, Lr19, Lr21, Lr25 
and virulence was noted for, Lr1, Lr2b, Lr3, Lr9, Lr11, 
Lr12, Lr14a, Lr14b, Lr18, Lr20, Lr22a, Lr23, Lr24, 
Lr26, Lr27 (Table 1).   In 2013, the infection type on leaf 
rust differentials ranged from ‘0’ to ‘4’ for the leaf rust 
isolate collected from Narok, Ololulung’a (table 2). Leaf 
rust isolate from Narok, Ololulung’a was virulent on the 
following genes :Lr1, Lr3ka, Lr11, Lr17, Lr30, Lr3bg, 
Lr13, Lr15, Lr18, Lr10, Sr17, and Lr23) but avirulent 
on genes  Lr2a, Lr2c, Lr3, Lr9, Lr16, Lr24, Lr26, Lr19 
and Lr27+31. In Midwest, (Kolmer et al., 2003) found 
out that Lr16 and Lr24 were resistant to the leaf rust 
population. In this study leaf rust isolate from KARI, 
Njoro and Ololulung’a had very low level of virulence 
to Lr16 but virulence was noted on Lr24 an indication 
of the gene ineffectiveness against the isolates. The leaf 
rust isolate from Ololulung’a was designated as LBTTN; 
set1 (L) –virulent to Lr1; set 2 (B) – avirulent; set 3 
(T) – virulent to Lr3ka; Lr11; Lr17 and Lr30; set 4(T)-
virulent to Lr3bg; Lr13; Lr15; and Lr18 and set 5 (N) 
virulent to Lr10; Lr19 and Lr23. For leaf rust genes in set 
one (table 3), Lr1 exhibited high infection type ‘3’ (H, L, 
L, L) hence was designated as ‘L’. Set two was avirulent 
with infection type >2 (L, L, L, L) hence designated ‘B’. 
Set three and four exhibited high infection type  ‘3’, and 
‘4’(H,H,H,H) hence designated as T. Set five exhibited 
both low and high infection type ‘0’,’3’ and ‘4’(H,L,H,L) 
and this set was designated as ‘N’ as shown in (table 3). 
The leaf rust race was identified as LBTTN (table 3).  

 

Fig. 1. Seedling leaf rust Infection Types (left to right): IT 0, 1, 
2, 33+, 4, X
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Both isolates from ISN, Njoro and Narok, Ololulung’a 
were avirulent on Lr16, Lr19 and virulent on Lr1, Lr11, 
Lr18 and Lr23 in 2011 and 2013. The leaf rust resistant 
genes on which the isolates were avirulent were treated 
equally for the purpose of race analysis to avoid the 

Table 1. Seedling Infection types (ITs) on 44 North American differentials inoculated with leaf rust isolate from the 
International Screening Nursery, KARI-Njoro year/season? 
Entry 
No. 

Cross Selection History Seedling Disease Score 

Set 1 Set 2 Set 3 Set 4 
1 THATCHER LR22B-? * 3C 2+ 3+ 3+ 
2 NIL-THATCHER-LR1*-CTR RL6003 3C 3 3+ 3+ 
3 NIL-THATCHER-LR2A*-WST RL6016 2 3+ X 3+ 

4 NIL-THATCHER-LR2B*-
CARINA RL6019 3 2+ 3+ 3+C 

5 NIL-THATCHER-LR2C*-LOROS RL6047 2 33+ X+(3) 3+C 

6 NIL-THATCHER-LR3-
DEMOCRAT RL6002 2 2 3+ 3+ 

7 IL-THATCHER-LR3KA-AIV RL6007 1+ ;1+C _ 3P:1,1P:3+ 
8 NIL-THATCHER-LR3BG*-BAGE RL6042 3 3+ 3+ 4 
9 NIL-THATCHER-LR9-TRANFER RL6010 0 0 2+ 4P:1,1P:3+ 
10 NIL-THATCHER-LR10*-EX RL6004 3C ;1 2C 2P:1,1P:1+ 
11 HUSSAR-LR11* W976 1+ 3+ 3+ 3+ 
12 NIL-THATCHER-LR12*-EX RL6011 3C 2 3+ 3+ 
13 MANITOU-LR13   2 2= X 2 
14 NIL-THATCHER-LR14A*-SK RL6013 3 3 3+ 3+ 
15 NIL-THATCHER-LR14B*-ME RL6006 3 3 3 3+ 
16 NIL-THATCHER-LR15-K1483 RL6052 1+ ;1+ ;1C X 
17 NIL-THATCHER-LR16-EX RL6005 1+ 1 2C 1+N 
18 NIL-THATCHER-LR17-KLLU RL6008 1+ 11+ 1+2C X 
19 NIL-THATCHER-LR18*-AF43 RL6009 3C 2- 2C 3+ 
20 NIL-THATCHER-LR19-TR RL6040 0 ; ; 0 
21 THEW-LR20*   3 2- 3+(MB,23N) 3+ 
22 NIL-THATCHER-LR21*-RL5406 RL6043 2 ;1 ;1 1P(3) 2 

23 NIL-THATCHER-LR22A*-
RL5404 RL6044 _ 2 3+ 3+ 

24 NIL-THATCHER-LR23*-LEE310 RL6012 3C 22+ 3+ 3+ 
25 NIL-THATCHER-LR24-AGENT RL6064 1+ 2 3+,2P(1C) 3P:1+,1P:3+ 
26 TRANSEC (AWNED)-LR25   1+ _ ; 0; 
27 NIL-THATCHER-LR26*-ST-1-25 RL6078 3C 22+ 3,3+ 3+ 
28 GATCHER-LR27+LR31*   3 22+ X 4 
29 CS2D-2M-LR28 RL6079 1+ 2P092P2+ 0; 0;and3+ 
30 NIL-THATCHER-LR29-CS7AG11 RL6080 _ _ 1- _ 
31 NIL-THATCHER-LR30-TZIO RL6049 2 1+ 1 0 
32 NIL-THATCHER-LR32*-AE.TA RL5497 3 2- 1 2C 0; 
33 NIL-THATCHER-LR33*-PI58548 RL6057 3 2- 2 3C 2+ 
34 NIL-THATCHER-LR34*-PI58548 RL6058 3 2+ 22+ 3 
35 NIL-MARQUIS-LR35-T.SP RL5711 _ _ 1C _ 
36 NIL-MANITOU-LR36*-T.SP2-9   3C ;1- 1N 2- 
37 NIL-THATCHER-LR37*-VPM RL6081 3C 22+ 1 2C 2 
38 NIL-THATCHER-LRB*-CARINA RL6051 3 3 1P (3+)1P(2+) 3+ 
39 WL 711 -0IND _ 2 2 3 N X+ 
40 GAZA   _ _ 2+C 3+ 

41 ALTAR 84 
CD22344-A-8M-
1Y-1M-1Y-2Y-1M-
0Y 

_ 
? 1 

_ 

42 DW 7276   1+ 22+ 1- 0 
43 IUMILLO-SR9G,SR12,+   1C ;1 1 _ 
44 ATIL*2/LOCAL RED CGSS04B00073T 4 3+ 3+* _ 
*Leaf rust genes on which virulence was observed 0= no uredinia or flecks visible,0; = very faint hypersensitive flecks; = 
hypersensitive flecks,1 = small uredinia surrounded by necrosis,2 = small uredinia surrounded by chlorosis,3 = moderate size 
uredinia without chlorosis,+ = slightly larger uredinia than expected for the infection type,  - = slightly smaller  uredinia than 
expected for the infection type, N = Necrosis, C = chlorosis 

 

environmental and genetic differences (Long and Kolmer, 
1989). Avirulence indicates that the leaf rust genes were 
effective against the leaf rust isolates. The susceptible 
infection types indicated that leaf rust genes were not 
effective against race LBTTN. 
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Table 2: Seedling Infection types (ITs) on 44 North American differentials inoculated with leaf rust (Puccinia triticina) isolate from 
Narok, Ololulung’a. year/ season 
Entry No. Cross Selection history Seedling disease score 
1 THATCHER LR22B-? * 3 
2 NIL-THATCHER-LR1*-CTR RL6003 3 
3 NIL-THATCHER-LR2A*-WST RL6016 0 
4 NIL-THATCHER-LR2B*-CARINA RL6019 ; 
5 NIL-THATCHER-LR2C*-LOROS RL6047 ; (3) 

6 NIL-THATCHER-LR3-
DEMOCRAT RL6002 3 

7 IL-THATCHER-LR3KA-AIV RL6007 3 
8 NIL-THATCHER-LR3BG*-BAGE RL6042 3+ 
9 NIL-THATCHER-LR9-TRANFER RL6010 0 
10 NIL-THATCHER-LR10*-EX RL6004 3 
11 HUSSAR-LR11* W976 3+ 
12 NIL-THATCHER-LR12*-EX RL6011 3 
13 MANITOU-LR13   3 
14 NIL-THATCHER-LR14A*-SK RL6013 3 
15 NIL-THATCHER-LR14B*-ME RL6006 3 
16 NIL-THATCHER-LR15-K1483 RL6052 3 (;) 
17 NIL-THATCHER-LR16-EX RL6005 1 
18 NIL-THATCHER-LR17-KLLU RL6008 3 (;) 
19 NIL-THATCHER-LR18*-AF43 RL6009 3 
20 NIL-THATCHER-LR19-TR RL6040 0 
21 THEW-LR20*   3 
22 NIL-THATCHER-LR21*-RL5406 RL6043 12 
23 NIL-THATCHER-LR22A*-RL5404 RL6044 3 
24 NIL-THATCHER-LR23*-LEE310 RL6012 3 
25 NIL-THATCHER-LR24-AGENT RL6064 0 
26 TRANSEC (AWNED)-LR25   0 
27 NIL-THATCHER-LR26*-ST-1-25 RL6078 ; 
28 GATCHER-LR27+LR31*   X 
29 CS2D-2M-LR28 RL6079 3 (; or X) 
30 NIL-THATCHER-LR29-CS7AG11 RL6080 0 or ; 
31 NIL-THATCHER-LR30-TZIO RL6049 3? 
32 NIL-THATCHER-LR32*-AE.TA RL5497 3 
33 NIL-THATCHER-LR33*-PI58548 RL6057 2 
34 NIL-THATCHER-LR34*-PI58548 RL6058 2+ 
35 NIL-MARQUIS-LR35-T.SP RL5711 3 
36 NIL-MANITOU-LR36*-T.SP2-9   ; 
37 NIL-THATCHER-LR37*-VPM RL6081 22+ 
38 NIL-THATCHER-LRB*-CARINA RL6051 2 
39 WL 711 -0IND 2 
40 GAZA   2+ C 

41 ALTAR 84 CD22344-A-8M-1Y-1M-1Y-2Y-
1M-0Y 

0 

42 DW 7276   0 
43 IUMILLO-SR9G,SR12,+   0 
44 ATIL*2/LOCAL RED CGSS04B00073T 3+ 
*Leaf rust genes on which virulence was observed; 0= no uredinia or flecks visible,0; = very faint hypersensitive flecks; = 
hypersensitive flecks,1 = small uredinia surrounded by necrosis,2 = small uredinia surrounded by chlorosis,3 = moderate size 
uredinia without chlorosis,+ = slightly larger uredinia than expected for the infection type,  - = slightly smaller  uredinia than 
expected for the infection type, N = more  necrosis than expected for the normal type, C = more chlorosis than expected for the 
normal type 
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Conclusion
Analysis of leaf rust isolate from Narok, Ololulunga 
on leaf rust differentials using the North American 
nomenclature was identified as LBTTN.  Both the 
isolates from ISN, Njoro and Narok, Ololulunga were 
virulent on Lr1, Lr11, Lr18, Lr20, Lr23 and avirulent on 
Lr16 and Lr19. The avirulent genes can be incorporated 
in the breeding programme.
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1.NIL-THATCHER-TRANFER Lr9  0
2.NIL-THATCHER-EX Lr16 1
3. NIL-THATCHER-AGENT Lr24  0
4.NIL-THATCHER-ST-1-25 Lr26  ;
Set 3    
1. NIL-THATCHER-AIV Lr3ka  3
2. HUSSAR   Lr11  3+
3. NIL-THATCHER-KLLU Lr17  3
4. NIL-THATCHER-TZIO Lr30  3
Set 4
1. NIL-THATCHER-BAGE Lr3bg  3+
2. MANITOU   Lr13  3
3. NIL-THATCHER-K1483 Lr15  3
4. NIL-THATCHER-.AF43 Lr18  3
Set 5
1.NIL-THATCHER-EX Lr10 3
2. NIL-THATCHER-TR Lr19  0
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Abstract
Surveys/monitoring disease pathogen population is key in identifying new diseases and races for risk assessment 
and resistance breeding. Surveys were conducted in farmers fields in years 2011, 2012 and 2013 to determine the 
prevalence and distribution of wheat diseases in the key wheat growing (South Rift, Mt. Kenya region, North and 
South Rift) regions of Kenya. In 2011, 327 farms were sampled. Stem rust was detected in 209 (63.9%), yellow rust 
in thirty-seven (11.3% ) and leaf (brown) rust forty-nine (14.9% ) of the farms with disease severity ranging from 
trace (TR) to 100S, TR to 60S and TR to 40S for stem rust, yellow rust and leaf rust respectively. Highest Septoria 
diseases (27.4%) followed by Central Rift (16.1%) and Fusarium spp was highest in North Rift (12.3%).In 2012, 
278 farms were sampled. Stem rust was detected in 109 (39.2%), yellow rust in eleven (3.9%) and leaf (brown) rust 
in thirteen (4.6%) of the farms with disease severity ranging from trace to 80S, 5S to 70S and 5S to 50S respectively. 
Septoria diseases were highest in South and Central and North Rifts (46.5%, 42.8% and 41.8%) respectively, while, 
Barley yellow dwarf virus (BYDV) was highest (16.4%) in Central Rift. Fusarium species were highest in Central 
Rift (8.9%). In 2013, 333 farms were sampled. Stem rust was detected in 165 (49.6%), yellow rust in twenty-five 
(7.5%) and leaf rust in sixteen (4.7%) with disease severity ranging from trace to 100S, 50S and 50S respectively. 
Septoria diseases infections were highest in Mt. Kenya region (45.3%) and North Rift (28.2%). Fusarium species 
were highest in Central Rift (6.2%). Commonly grown varieties were KSMwamba, NJRBWII and Kwale .The newly 
released wheat varieties with adult plant resistance (APR) to the wheat stem rust race, Ug99 (variety Robin and Eagle 
10) occupied a very small area in 2012 and 2013. The surveys revealed high disease incidences and severity in the 
farmers fields which is attributed to the use of highly susceptible wheat varieties and also climate change contributing 
to emerging of new diseases. 

Introduction
Wheat is the second most important cereal crop in Kenya 
after maize (KARI, 1991). The crop has greater potential 
in the country where it is grown in Agro-ecological 
zones: UH2-UH3; LH2-LH3) (Jaetzold et al., 2010). 
Among the diseases, rusts remain the most important 
because of their wide distribution, their capacity to form 
new races that can attack previously resistant cultivars, 
their ability to move long distances and their potential to 
develop rapidly under optimal environmental conditions 
that result in serious yield losses (Roelfs, 1982).

Stem or black rust of wheat, caused by Puccinia graminis 
f. sp. tritici Erikss and Henning, is known historically 
for causing severe losses to wheat production and was 
the most feared disease in various countries where 
wheat is grown (Saari and Prescott, 1985). The disease 
frequence in warm and moist environments which is 
typical of the wheat growing areas in Kenya. Although 
the disease has been under control through widespread 
use of resistant varieties, the re-emergence of a new 
virulent race, TTKS (Ug99), has reversed the gains made 
by breeders, posing a new and significant threat to wheat 
production in the Eastern Africa region (Expert panel, 
2005; Wanyera et al., 2006). Wheat yellow rust, caused 

by Puccinia striiformis f. sp. tritici (Pst), is also among 
the devastating diseases of wheat worldwide (Hovmoller 
et al., 2012; Wellings 2011; Chen, 2005). This disease is 
a historical and continuing threat to wheat production, 
capable of significant reductions in both grain quality and 
yield in susceptible cultivars (Dimmock, 2002). Yield 
losses as high as 84% have been reported in South Africa 
(CIMMYT, 1999). In Kenya, the disease attacked wheat 
as early as 1908 (Thorpe, 1959). Since then it has become 
a major threat every year as no commercial cultivar is 
resistant (Bonthius 1985; KARI reports 1990- 2012). 

Serious attacks of the pathogen occur annually and newly 
introduced resistant cultivars lose their resistance within 
a short time. Disease severity increases with altitude and 
serious epidemics also occur at the lower latitudes where 
wheat is also grown (Danial and Stubbs, 1992). Wheat 
leaf rust caused by Puccinia triticina is the most common 
and widely distributed of the three wheat rusts and occurs 
in more regions more regularly than stem rust and stripe 
rust (Kolmer, 2013; 2005; Cherukuri et al. 2005). The 
earliest epidemics of this rust was reported in Kenya as 
early as 1908 (Thorpe, 1959); and therefore is considered 
to be among the major three wheat rusts ( stem and 
yellow) responsible for depressing crop yields drastically 
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depending on the variety. Yield losses attributed to leaf 
rust have been reported to range from 5% to 16% on 
average, and up to 40% in epidemic years (Bolton et al. 
2008;). Yield losses are usually the result of lower kernel 
weights and decreased number of kernels. In Kenya, the 
disease appeared sporadically and has not been a problem 
for the past 20 years, but it has recently emerged in the 
wheat fields, and experimental plots, including the KARI-
Njoro international screening nursery with severity of 
over 50% (KARI, 2011). 

Fusarium diseases mainly Fusarium head blight of 
wheat (FHB), also called head scab, caused mainly by 
the fungus Gibberella zeae (also known as Fusarium 
graminearum periodically causes significant yield loss 
and reduced grain quality. Gibberella zeae also produces 
mycotoxins, (Windels, 2000; Zilinsksy, 1983). All Kenya 
wheat varieties are susceptible to Fusarium infection 
(Muthomi et al., 2002) 

Other diseases that threaten wheat production are; 
Septoria diseases caused by S. tritici and S. nodorum 
(Eyal et al., 1987), Spot blotch (Bipolaris sorokiniana), 
Loose smut (Ustilago tritici), Take All (Gaeumannomyces 
graminis var. tritici) and Barley Yellow Dwarf, causal 
agent Barley Yellow Dwarf Virus (Wiese 1987).Yield 
losses attributed to heavy incidences of S.tritici and S. 
nodorum have been reported to range from 31% to 53% 
(Eyal et al., 1987).

 Barley Yellow Dwarf Virus (BYDV) is an important 
virus disease of cereals globally and has a wide host 
range which includes wheat, barley, oats, triticale and 
over 150 grass species (Wiese, 1997). The disease 
was first reported in Kenya in 1984 and causes serious 
damage in barley wheat and oats and estimated losses 
range from 16.5-54.7% (Wangai, 1990; 1989). Under 
favourable environmental conditions, infection of the 
wheat crop with these diseases can reduce quantity 
and quality of the grain. Disease surveillance is an 
epidemiological practice by which the spread is 
monitored to establish patterns of progression and is 
key in identifying new diseases and races which can be 
used in risk assessment and resistance breeding. This 
study was carried out in year 2011, 2012 and 2013 crop 
season to determine the prevalence and distribution of 
wheat diseases in the key wheat growing regions (South, 
Central, North Rifts and Mount Kenya) of Kenya.

Materials and methods

The survey was carried out on farmers fields in the key 
wheat growing (South Rift, Mt. Kenya region and South 
Rift) regions of Kenya. Farms were randomly picked 
along the routes, stopping at every 3 to 5 kilometers.

Crops were observed for disease symptoms. An 
International Standardised survey form was used to keep 
the records on disease incidence and severity, variety 
grown, production area, growth stage (Zadoks et al., 
1974),. The Global positioning system (GPS) tool was 
used to collect precise information on latitude, longitude 
and elevation of the sampled farms. Stem, yellow and 
leaf rust severities were taken using modified Cobb 
scale, 0-100% where; 0 = immune and 100- susceptible 
(Peterson et al., 1948). The host plant response to 
infection was scored as resistant (R), moderately resistant 
(MR), moderately susceptible (MS) and susceptible 
(S) (Roelfs et al. 1992). Incidence and severity of other 
diseases observed during the surveys were also taken 
using recommended scales. Septoria diseases were 
assessed using 0-9 scale (Eyal, et al., 1987), where 0 
= Free from infection and 9=Very susceptible/severe 
infection. Similarly, barley yellow dwarf virus was 
assessed on a scale of 0 - 9 (Muthangyia et al., 1983), 
where 0 = no symptoms and 9 = full symptom expression 
and the Fusarium disease score rating system was 0 - 5 
(James, 1971). Information was also collected on the 
fungicides used in the commercial fields. Rust samples 
were collected from infected plants by cutting the stems 
into small pieces (5 -10 cm), the inner stem was removed 
leaving the outer part with pustules (spores), placed in 
labeled glycine bags, air dried for 2-3 days and stored 
in refrigerator at minus 20/80 o C for long term use 
and also at 4oC for immediate seedling screening in the 
greenhouse.

Results and discussion
In 2011 areas sampled in Central Rift were Njoro, 
Nakuru, Bahati, Rongai and Naivasha.
The wheat crop in these areas was at different crop 
stages: Seedling to physiological maturity. It was 
generally wet during the survey period in Central Rift. 
Most wheat farms in these areas had received rain 
throughout the growing period. The sampled areas in 
South Rift were Nairegia Enkare, Ntulele, Central and 
Ololulunga Divisions, Suswa and Longonot. The wheat 
crop was at different crop stages: Seedling to hard dough 
and the major problem was drought, over 50% of the 
wheat fields were stressed. In North Rift, the samples 
areas were Uasin Gishu, Elgeyo and Trans-Nzioa. The 
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wheat crop was at tillering to maturity crop stages and 
all the wheat farms in these areas had received rain 
throughout the growing period. In Mt. Kenya region 
sampling was in: Laikipia, Nyandarua, Mweiga, Nyeri 
and Meru. Most wheat farms in these areas had been 
affected by the long drought. The surveys were conducted 
between May and September. Three hundred and twenty-
seven farms were sampled. Stem rust was detected in 
209 (63.9%), yellow rust in thirty-seven (11.3% ) and 
leaf (brown) rust) forty-nine (14.9% ) of the farms with 
disease severity ranging from trace (TR) to 100S, TR to 
60S and TR to 40S for stem rust, yellow rust and leaf 
rust respectively (Table 1). Stem rust infection ranged 
from trace to 100S with minimum infection in North 
Rift (48.3%), and a maximum infection in Central Rift 
(70.9%), South Rift (68.8%) and Mt. Kenya (68.0%). 
Yellow rust infection ranged from trace to 60S with 
minimum infection in South Rift (6.4%), Mt. Kenya 
(10.4%), North Rift (10.9%) and maximum infection 
in Central Rift (17.7%). Leaf (brown) rust infection 
ranged from trace to 40S with minimum infection in 
North Rift (10.9%), Mt. Kenya (13.4%) and maximum 
infection in Central and South Rift (17.7%). Two hundred 
and seventy-five (84.1%) of the farms were sprayed to 
reduce/ suppress stem rust and fifty-one (15.6%) of the 
farms were not sprayed.

Two hundred and sixty-one (94.9%) and sixty-five 
(23.6%) of the sprayed farms had low (TR-15S) high 
(20S and above) infection respectively. Table 2 shows 
other diseases that were recorded during the surveys. The 
incidence of Septoria diseases was highest in North Rift 
(27.4%) followed by Central Rift (16.1%) Fusarium head 
Scab was highest in North Rift (12.3%). 

In 2012, the sampled areas in Central Rift were: Njoro, 
Nakuru, Bahati, Menengai, Kiroboni, Rongai, Ogilgei, 
Piave, Elburgon, Mau Summit, Laikipia campus, 
Losongwa, Naivasha. South Rift were Central Narok, 
Olopito, Nkareta,  Ntulele, Katakala, Ololulunga, 
Ngorengore, Ilimashariani, Ntulumeti, Rotian, North Rift 
were Tarakwa, Kipkabus, Plateau, Soy,, Ziwa, Endebess, 
Elgeyo border, Lessos, Moiben, Iten. Areas sampled 
in Mt. Kenya region were Olkalau, Rurii, Kinamba, 
Mweiga, Ngenia, Timau, Kisima and Sirimon. The 
surveys were conducted between June and September. 
Most of the regions experienced heavy rains in many 
areas during the crops season. A total of 278 farms were 
sampled. Stem rust was detected in 109 (39.2%), yellow 
rust in eleven (3.9%) and leaf (brown) rust) in thirteen 
(4.6%) of the farms with disease severity ranging from 
trace to 80S, 5S to 70S and 5S to 50S respectively. Stem 
rust infection ranged from trace to 80S with minimum 

Table 1: Occurrence of wheat rust diseases in the commercial fields in year 2011 
2012 and 2013 
Year  Region  No.of 

sampled 
farms 

Sr % 
Infection 
(%)  

Sr % severity 
and plant 
response 

Yr infection 
(%) 

Yr % severity 
and plant 
response 

Lr Infection 
(%) 

 Lr% 
severity (%) 

2011 Central Rift 62 70.9 0-100S 17.7 TR -60S 17.7 TR-40S 
  South Rift 125 68.8 TR-100S 6.4 TR- 20S 17.7 TR-20S 
  North Rift 73 48.3 TR-90S 10.9 TR- 20S 10.9 TR-20S 
  Mt. Kenya 

region  
67 68.0 TR- 60S 10.4 0 - 40S 13.4 TR-20S 

  Total/Mean 327 63.9 - 11.3 - 14.9 - 
2012 Central Rift 67 65.7 TR-80S 4.5 5-50S 11.9 5-30S 
  South Rift 71 5.6 TR-20S - - - - 
  North Rift 101 26.7 TR-70S 5.9 5-70S 3.9 10-50S 
  Mt. Kenya 

region 
39 58.9 TR-50S 5.1% 5-60S 2.6 30S 

  Total/Mean 278 39.2 - 3.9 - 4.6 - 
2013 Central Rift 97 71.0 TR-70S 8.3 TR-50S 6.7 TR-50S 
  South Rift 104 68.3 TR-100S 3.8 10S-30S 5.8 TR-50S 
  North Rift 78 33.3 TR-70S 10.3 TR-50S 6.5 TR-50S 
  Mt. Kenya 

region  
54 25.9 TR-60S 7.4 10S-30S 0 0 

  Total/Mean 333 49.6 - 7.5 - 4.8 - 
 Sr-Stem rust; Yr=Yellow rust; Lr=Leaf rust 
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infection in South Rift (5.6%) and maximum infection 
in Central Rift (65.7%) Mt. Kenya region (58.9%) and 
North Rift (26.7%). Yellow rust infection ranged from 5S 
to 70S with minimum infection in North Rift (2.9%) and 
a maximum infection in Mt. Kenya region (5.1%) and 
Central Rift (5.9%). Leaf (brown) rust infection ranged 
from 5S to 50S with minimum infection in North Rift 
(3.9%) and maximum infection in Central Rift (10.5%. 
There was no yellow rust and leaf rust observed in South 
Rift in the sampled farms and no leaf rust was observed 
in the sampled farms in Mt. Kenya region.

Areas sampled in; Mt. Kenya region were Nairutia, 
Mweiga, Ngenia, Timau, Ngushishi, Ex-Lewa, Kisima 
and Sirimon, Kinamba, Ewasonyiro and Endarasha. 
A total of 333 farms were sampled. Stem rust was 
detected in 165 (49.6%), yellow rust in twenty-five 
(7.5%) and leaf rust in sixteen (4.7%) of the farms 
with disease severity ranging from trace to 100S, 50S 
and 50S respectively (Table1). Stem rust infection 
ranged from trace to 100S with minimum infection in 
Mt. Kenya region (25.9%), North Rift (33.3%) and 
maximum infection in Central Rift (71.0%) and South 

Table 2. Occurrence of Septoria diseases, Fusarium spp and Barley yellow dwarf virus (BYDV) in commercial wheat 
field year 2011,2012 and 2013
Year Region  No of sampled farms   Disease incidence (%)
      Septoria diseases Fusarium sp BYDV
2011 Central Rift 62   16.1   9.6  0
 South Rift 125   4   1.6  0.8
 North Rift 73   27.4   12.3  0
 Mt. Kenya 67   1.5   0  0
2012 Central Rift 67   42.8   8.9  16.4
 South Rift 71   46.5   2.8  0
 North Rift 101   41.8   0.9  0.9
 Mt. Kenya 39   17.9   2.7  0
2013 Central Rift 97   8.2   6.2  2.1
 South Rift 104   14.4   0.9  0.9
 North Rift 78   28.2   0  0
 Mt. Kenya 54   45.3   1.9  0

Results in Table 2 show Septoria diseases infection was 
highest in South Rift (46.5%) Central Rift (42.8%), North 
Rift (41.8%) and Mount Kenya region (17.9%) Fusarium 
species were highest in Central Rift (8.9%), South Rift 
(2.8%) and Mt. Kenya (2.7%). Barley yellow dwarf 
virus infection was negligible in majority of the wheat 
fields. Barley yellow dwarf virus (BYDV) was highest 
(16.4%) in Central Rift. Other diseases were: Loose smut 
(Ustilago tritici) and Take All (Ophiobolus tritici). 

In 2013 the surveys were carried out in January in some 
parts of Central Rift (Molo, Kuresoi), in March in Mt. 
Kenya region. Majority of the farms were sampled 
between June and September. The sampled areas in 
Central Rift were Njoro, Nakuru, Bahati, Menengai, 
Kiroboni, Rongai, Ogilgei, Piave, Elburgon, Mau 
Summit; South Rift were Olopito, Rotian, Nkareta, 
Ewaso-Nyiro junction, Ntulele, Katakala, Ololulunga, 
Ngorengore, Ilimashariani, Ntulumeti and Mai Mahiu; 
North Rift were Chepkanga, Moiben, Chembulet, 
Iten, Ziwa, Moi University, Cheptiret, Keiyo, Naiber, 
Kaptagat, Soy, Endebess, Kerita, Bayete and Bunt forest. 

Rift (68.8%). Yellow rust infection was TR-50S with 
minimum infection in South Rift (3.8%); Mt. Kenya 
(7.4%), Central Rift (8.3%) and maximum infection in 
North Rift (10.3%). Leaf rust infection ranged from trace 
to 50S with minimum infection in South Rift (5.8%, and 
maximum infection in Central Rift was put at 6.7%. 

Results in Table 2 show Septoria diseases infection 
was highest in Mt. Kenya region (45.3%) and North 
Rift (28.2%). Fusarium species were highest in Central 
Rift (6.2%). Barley yellow dwarf virus infection was 
negligible in majority of the wheat fields. 

Table 3 shows the commonly grown varieties in all the 
four wheat growing regions. Varieties NJRBWII and 
KS Mwamba were more popular followed by variety 
Kwale. In 2011 KS Mwamba occupied the largest area in 
Central and South Rift (50.4%), North Rift (45.2%) and 
in Mount. Kenya region 33.8%.

In 2012, the area planted with NJRBW2 increased; 
34.3%39.4%, 60.4%, while it decreased for KS Mwamba: 
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14.9 %, 15.5 % and 28.7% in Central, South and North 
Rift respectively. The area under variety Kwale was 
highest in Central Rift (20.9%), Mt. Kenya (23.1%), 
and South Rift (20.2%) in 2013. For the newly released 
varieties with adult plant resistance (APR) to the wheat 
stem rust race Ug99, Robin occupied 20.6% in Central 
Rift; 22.2% in Mt. Kenya, 7.7% in North Rift (2013). 
Variety Eagle 10 occupied 1.6% in Mt. Kenya region and 
0.9% in South Rift. Mixed and other unknown varieties 
were common across the regions and this could be due 
the high cost of certified seed. 

Majority of the farmers sprayed the fungicides to reduce/
suppress disease infections, particularly the rusts, but 
some sprayed farms were noted to have high disease 
infections. These are farms that either had been sprayed 
late or the timing/ chemical concentrations were not right. 
This explains that majority of the farmers do no know 
how to scout for the diseases. Some of the fungicides 
used were Folicur 250 EW (tebuconazole), Artea 330 EC 
(cyproconazole 80g/L +propiconazole 250g/L, Soprano 
C 250 SC (epoxiconazole 125g/L +carbendazim 125g/L). 
In 2012: Commonly used fungicides were Folicur 250 
WP (tebuconazole), Silvacur 375 EC (tebuconazole + 
tridimenol), Orius 25 EW (tebuconazole) and Swing 250 
EC (epoxiconazole + carbendazin).

Wheat rusts were common in the wheat fields and stem 
rust was widespread in all the surveyed regions. This 
explains the importance of the stem rust race Ug99, since 
its detection in Uganda and spread to the wheat growing 
areas of Kenya, throughout East Africa, Yemen, Sudan, 
Iran, Zimbabwe, Tanzania and South Africa (Pretorius 
et al., 2000; Wanyera et al., 2006; www.globalrust.
org). The prediction for the diseases to spread towards 
North Africa, Middle East, and Asia and beyond, raises 
serious concerns of major epidemics that could destroy 
the worlds wheat crop (Singh et al., 2006; 2007; 2008). 

Table 3. Common grown varieties in the key wheat regions year 2011, 2012 and 2013
Variety Region and variety area planted (%)
  Central Rift  South Rift  North Rift  Mt. Kenya
  2011 2012 2013 2011 2012 2013 2011 2012 2013 2011 2012 2013
NJRBWII 30.4 34.3 24.7 29.6 39.4 42.3 49.0 60.4 57.7 26.2 - -
KS Mwamba 50.4 14.9 12.3 50.4 15.5 20.2 45.2 28.7 26.9 33.8 25.6 25.9
Kwale  14.0 20.9 14.4 14.4 9.9 20.2 4.1 1.9 5.1 6.2 23.1 11.4
Robin  - 7.5 20.6 - 1.4 - - - 7.7 - - 22.2
Mixed  3.2 8.9 10.3 - - 1.9 1.3 5.9 1.3 - 17.9 7.4
Eagle1  0 1.6 - - - 1.4 0.9 - - - - 1.6
Others  0.4 13.5 17.7 5.6 32.4 14.5 0.4 3.1 1.3 33.8 33.1 31.5

Yellow rust which was first described in 1777, and 
attacked wheat in Kenya as early as 1908 (Stubbs, 1985; 
Thorpe, 1959), was recorded in low incidences but high 
severities across all the regions. The disease is also a 
major threat as no commercial variety is resistant (Annual 
reports, 1975-1989; Bonthius, 1985; KARI reports 1990-
2004). Newly introduced resistant varieties lose their 
resistance within a short time and farmers are forced to 
spray to save on yields. Serious attacks of the pathogen 
occur annually and the disease severity increases with 
altitude (Danial and Stubbs, 1992). Serious epidemics 
also occur at the lower latitudes where wheat is also 
grown. All the wheat growing areas are prone to disease 
in low medium and high altitudes areas. In Kenya, leaf 
rust has been sporadic and has not been a problem for 
the past 20 years, but it has recently emerged in the 
wheat fields (table1), and experimental plots, including 
the international screening nursery with severity of over 
50%. Our commercial varieties are now at risk given the 
fact that virulences and new races have been identified 
in Njoro and also South Rift, Ololulunga areas (data not 
shown). 

The growing of wheat in diverse agro-ecological zones 
throughout the year (Green, et al., 1970) in Kenya 
creates a significant pool of airborne uredinospores 
which coupled with favourable climatic conditions and 
the presence of host plants; favours rapid build up of 
inoculum and the occurrence of epidemics. This implies 
that there is a shift in races present each year which 
affects different cultivars of wheat. There is continuous 
attack throughout the year, due to presence of wheat 
crop throughout the year. The breakdown in resistance 
could also be attributed to mutations (Louwers et al., 
1992). It is therefore, a problem to reduce the disease 
infection in susceptible cultivars and also not possible to 
grow a profitable crop of wheat without the application 
of fungicides (Wanyera et al., 2006; 2009). Septoria 
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diseases, Fusarium spp, Barley yellow dwarf virus are 
also becoming more prevalent in the commercial fields 
(Table 2). 

Conclusion
The surveys revealed high disease incidences and severity 
of wheat rusts particularly stem rust in the farmers’ 
fields which is attributed to the use of susceptible wheat 
varieties. 
Data on Septoria diseases revealed that the diseases 
are on the increase in Kenya. The susceptibility of the 
varieties and the favourable climatic conditions for the 
diseases and the increased fungicides costs have negative 
impact on wheat production. Continued monitoring of 
disease virulence throughout the country is necessary to 
detect changes in pathogen population early.  
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Abstract
The Russian wheat aphid (RWA) Diuraphis noxia (Kurdjumov) is a serious pest of wheat in Kenya. Development and 
use of RWA resistant wheat (Triticum aestivum L.) varieties, has been constrained by RWA populations evolving with 
differential virulence to given resistant host plants. To exploit host plant resistance (HPR) in management of RWA, 
local populations of RWA have to be evaluated for differential virulence and biotypes in order to develop and deploy 
cultivars that exhibit cross biotype resistance. A study was conducted at KARI-Njoro to characterize virulence of RWA 
populations from Njoro, Kenya. An experiment in completely randomized design replicated three times was set up 
to evaluate seedling resistance to Njoro RWA population in the screen house. Five adult RWA aphids raised from a 
single female adult were used to infest the twenty eight host genotypes with different RWA resistance genes for twenty 
eight days to determine virulence of the RWA aphids to seedlings of the twenty-eight wheat host genotypes in the 
greenhouse. Data was recorded on damage scores of test plants twenty-eight days after infestation. Results of the study 
show that genotypes that contained Dn1 gene were moderately resistant to RWA depending on the host background.  

Introduction
Diuraphis noxia (Kurdjumov.) (Homoptera Aphididae) 
is a new invasive pest of wheat, barley and other small 
grains in Kenya and other major wheat growing parts 
of the world including South Africa, USA, Canada and 
Mexico. Since its discovery in Kenya in the mid 1990’s, 
the aphid has become an important pest of barley, 
Hordeum vulgare L., and wheat, Triticum aestivum 
L. D. noxia feeding significantly reduces chlorophyll 
and carotenoid content in susceptible plants. This 
chlorophyll reduction leads to inefficient harnessing 
of photosynthetic active radiation (PAR) and therefore 
low carbon assimilation thereby affecting plant yield 
(Heng-moss et al, 2003). Host Plant resistance (HPR) 
is considered one of the best management methods 
for D. Noxia management. The aphid saliva injected 
into the susceptible host plant causes leaf rolling a 
phenomenon that hides the aphid inside rolled leaves 
reducing the efficacy of contact insecticides and some 
natural enemies (Burd et al., 1993; Brewer et al., 2005) 
besides, using Host Plant Resistance (HPR) for aphid 
management is cheaper and has no negative effects 
on the environment. The importance of HPR in an 
integrated pest management program is however limited 
by development of virulent biotypes. These are within 
species classification units based on biological characters 
rather than morphological characteristics. Biotypes are 
normally not morphologically distinguishable from each 
other. Insect biotypes have been described as members 
of an insect species with similar genetic composition 

for a biological attribute (Saxena and Burrion, 1987) 
where as Diehl and Bush, (1984) described biotypes 
based on survival and development on a particular host 
and by host preference for feeding, oviposition or both. 
Insect biotypes including Diuraphis noxia biotypes 
have traditionally been described by their ability to 
damage crops that express host plant resistance (Puterka 
et al., 1992). As virulent RWA biotypes with superior 
fitness replace the previously avirulent RWA biotype 
populations, the result is breakdown of resistance and 
ineffective control of RWA. Virulent biotypes of RWA 
have been reported in the USA (Haley et al., 2004), 
South Africa (Tolmay, 2007), Asia (Dolatti et al., 2005), 
Europe, (Basky, 2003) and South Amarica (Smith et 
al., 2004). Genetic studies of Kenyan populations of 
D.noxia demonstrated that there is limited genetic 
variability among the biotypes under study (Malinga, 
2007). Kiplagat, (2005) however found that some Kenyan 
populations of D. noxia were virulent to wheat containing 
Dn4 gene for D. noxia resistance. Malinga (2007) also 
found that despite the Kenyan populations showing little 
genetic variation, the same populations had variations 
in development and population growth. In this study the 
primary goal was to characterize virulence of Njoro RWA 
population on selected resistant genotypes of wheat with 
a view to identify the best resistance genes to incorporate 
into Kenyan wheat breeding programs in order to develop 
a variety of wheat that is resistant to the resident RWA 
populations at Njoro and improve wheat yields at Njoro 
and in Kenya as a whole.
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Materials and methods
The study was conducted at KARI-Njoro located in the 
lower highlands (LH3), at an altitude of 2166 m. 
Twenty-eight wheat genotypes, some with known 
resistant genes were used in the study (Table 1). 
A RWA population was raised from a single aphid 
collected from the resident population in the field at 
KARI Njoro in 2012. Kenya Pasa a susceptible wheat 
variety was used as the rearing plant. K. Pasa was 
grown in a sterilized potting mixture composed of forest 
soil, sand and manure ratio 3:1:1. The potting mixture 
was amended with 50 kg/ha equivalent of DAP. Ten 
seeds each of K. Pasa were planted 2.5 cm deep in the 
potting mixture in a 1L plastic pot and the pots placed 
in a water bath in an insect rearing box to keep the 
emerging seedlings clean from aphid contamination in 
the greenhouse. When rearing plants reached growth 
stage 12 (Zadoks et al., 1974), a single adult female RWA 

was settled in the leaf whorl using a fine hair brush. The 
plants were watered regularly by replenishing water in 
the water bath after every three days so that the seedlings 
were not water stressed.

Environmental conditions were 16±20C with a 
photoperiod of 12:12(L:D) h. The aphid was allowed to 
multiply freely to form a colony. The insect rearing boxes 
were kept in isolation in a small greenhouse to eliminate 
accidental contamination of the RWA population with 
other aphid species. The Clone raised above was used to 
test for variation in the ability to cause feeding damage 
on the tested wheat lines
.
The experiment was a single factor experiment in 
completely randomized design with differential 
replication. Wheat entry was the only factor being 
evaluated. The experiment was conducted in a screen 
house during the period January 2012 to March 2012.
Several seeds of the test material were planted in a 
potting mixture as described earlier in a 1L pot. At the 
two leaf stage (wheat growth stage 12), the seedlings 
were infested with five aphids placed in the leaf whorl 
using a fine hair brush. The infested seedlings were then 
kept in isolation in a small greenhouse and the aphids left 
to multiply and feed on the test plants for 28 days. Water 
was supplied regularly by filling the water bath until 
the soil in the pots was ascertained to be wet by visual 
examination. Scoring for overall plant damage was done 
at 28 days post inoculation to subject the test material 
to biotic stress for the maximum number of days before 
qualitative evaluation using a 1-9 scale (Table, 2) where 
1-resistant; 9-susceptible (Malinga et al., 2007; Tolmay, 
et al., 1999) (Table 2)

Only damage score on a scale of 1-9 was recorded for 
quick assessment of resistance to Njoro RWA population 
and an analysis of variance (ANOVA) on mean damage 
scores performed using GENSTAT discovery edition 4. 
Significant differences in treatment means were separated 
using Turkeys test at α= 0.05 level of significance.

Results and discussion
There were significant differences in damage level on 
wheat genotypes containing different Dn genes 28 days 
after infestation (Table 3). All wheat genotypes developed 
damage symptoms associated with RWA infestation. 
However, the severity of symptoms varied depending 
on genotype 28 days after infestation which is sufficient 
for RWA damage to manifest in wheat (Malinga et al., 

Table 1: Wheat entries used in the study
S. No 
 Name  Possible resistance gene
1 2004V041 Dn2 Dn1
2 2004V048 Dn5 Dn8 Dn9
3 2004V049 Dn2
4 2004V051 UNKNOWN
5 2004V186 Dn1 Dn5 Dn8 Dn9
6 2004V187 UNKNOWN
7 2005-062 Dn1
8 2005-159 Dn5 Dn8 Dn9 CItr2401
9 2010V005 Dn1 Dn2
10 2010V006 AUS22498(UNKNOWN)
11 SELATI Dn1
12 2010V022 Dn1 Dn2
13 2010V412 Dn1
14 2010V413 Dn1
15 2010V602 Dn5 Dn8 Dn9
16 2010V701 Or52(UNKNOWN)
17 2010V710 Dn1
18 HARTBEES Dn1
19 HUGENOOT NON
20 SENQU Dn1
21 K. KWALE NON
22 RWA8  UNKNOWN
23 RWA9  UNKNOWN
24 RWA16  UNKNOWN
25 CIMMYT36 UNKNOWN
26 CIMMYT103 UNKNOWN
27 K. DUMA NON
28 NJRBW II NON
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2007). Wheat K. Kwale, NJRBW II and K. Duma were 
susceptible as expected since they do not have any known 
RWA resistance genes. The genotypes that contained Dn1 
gene exhibited moderate resistance To RWA at Njoro, 
however as observed the background played a role in the 

Table 2. damage rating scale (1-9) used to characterize reaction types and classes to RWA on infested plants
Rating Description of symptoms     Variety classification
1 Small isolated chlorotic spots     Highly resistant
2 Small chlorotic spots      Highly resistant
3 Chlorotic spots in rows      Resistant
4 Chlorotic splotches      Moderately resistant
5 Mild Chlorotic streaks      Moderately resistant
6 Prominent Chlorotic streaks (at least one leaf partially folded) Moderately susceptible
7 Severe streaks, leaves partially rolled (Leaf U shaped in cross  Susceptible
 section); Emerging leaf trapped and folded
8 Severe streaks; severe leaf rolling    Highly susceptible
9 Plant dying       Highly susceptible

expression of the resistance exhibited. This is indicated 
by the scores on genotypes 2010V710, HARTBEES and 
2010V412 which had damage scores less than 5 whereas 
the same gene in a different background (2010V413) was 
susceptible with a mean damage score of 7 (Table 3).

Table 3. Mean RWA damage scores on wheat hosts 28 days after infestation
S.No. Wheat line/variety  Possible resistance genes present Mean RWA damage score
1 HARTBEES   Dn1     4.250 a
2 2010V710   Dn1     4.250 a
3 2004V187   Unknown    4.444 ab
4 2010V412   Dn1     4.583 abc
5 2010V005   Dn1,Dn1,Dn2     5.000 abcd
6 CIMMYT36   Unknown    5.083 abcde
7 RWA16    Unknown    5.111 abcde
8 2004V186   Dn1 Dn5 Dn8 Dn9    5.222 abcdef
9 SENQU   Dn1,Dn1    5.339 abcdefg
10 2005-159   Dn5 Dn8 Dn9 CItr2401    5.500 abcdefg
11 SELATI   Dn1,Dn1     5.667 abcdefgh
12 2010V022   Dn1,Dn2    5.669 abcdefgh
13 2004V048   Dn5 Dn8 Dn9     5.833 bcdefghi
14 2010V701   Or52(UNKNOWN)    5.833 bcdefghi
15 2004V049   Dn2      6.000 cdefghij
16 HUGENOOT   Non      6.167 defghijk
17 CIMMYT103   Unknown     6.250 defghijk
18 2010V602   Dn5,Dn8,Dn9     6.333 defghijk
19 RWA8    Unknown     6.417 defghijk
20 2005-062   Dn1,Dn1    6.500 efghijk
21 RWA9    Unknown     6.667 fghijk
22 K. DUMA   Non      6.750 ghijk
23 2010V413   Dn1      7.000 hijk
24 K. KWALE   Non      7.167 ijk
25 2004V051   Unknown     7.315 jk
26 NJRBW II   Non      7.556 k
 p         < 0.001
 cv         8.47
*means followed by the same letter are not significantly different from each other
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The line HUGENOOT which does not contain any 
known resistance gene was moderately resistant to the 
RWA at Njoro same as K. Duma which does not have 
any resistance gene. According to Van der Westhuizen et 
al. (1998), the level of the response to RWA infestation 
varies in different resistant wheat cultivars, and thus, 
the genetic background in which the Duiraphis noxia 
(Dn) gene is bred plays a role in the effectiveness of the 
resistance response. This is an indication of possible 
involvement of other genes maybe with additive action 
in some of the wheat backgrounds in which the major 
gene is incorporated. From the results, two classes 
of resistance are exhibited, moderately resistant and 
susceptibility. Entries that scored between 4 and 6 were 
categorized as being moderately resistant while those that 
scored between 7 and 9 were categorized as susceptible. 
No entry was found to be strongly resistant. The result 
also indicate that Dn1 gene is a strong candidate for 
breeding work at Njoro to introgress it into the adapted 
local commercial wheat varieties in order to enhance 
RWA management using Host Plant Resistance.

Conclusion and recommendation
The genotypes screened for Russian wheat aphid resistant 
were moderately resistant and others susceptible to 
RWA population at Njoro. The genotypes that contained 
the gene Dn1 alone or in combination with other genes 
were generally moderately resistant to RWA at Njoro. 
The findings of the study also indicate that there is a 
possibility of other genes that modify RWA damage 
expression on wheat. There is therefore a need to further 
investigate the effect of other possible minor genes 
in relation to symptom expression in resistant wheat. 
Further it will be important to do field screening to 
determine tolerance of the tested material to RWA based 
on each genotype yield. We recommend introgression of 
the gene Dn1 into wheat to manage RWA and minimize 
yield losses to the aphid.
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Abstract
Wheat is the second most important crop in Kenya after maize. Despite its importance, wheat production in Kenya 
has been on a declining trend in the last 10 years due to high cost of production. Among the main costs that constrain 
wheat production is the cost of chemicals for insect pests and foliar diseases. Russian Wheat Aphid (Diuraphis noxia 
Kurdjumov - RWA). It is one of the most damaging insect pests of wheat and can cause grain yield losses of up to 90% 
if uncontrolled. Currently, the main RWA control strategy is use of seed dressers and foliar sprays that are expensive 
and harmful to the environment. A field study was conducted between 2011 and 2012 crop seasons in Njoro, Kenya, to 
evaluate appropriate seeding and nitrogen rates in the management of RWA in order to reduce the cost of chemicals in 
wheat production. Six promising wheat lines, Kenya Tai, Kenya Sunbird, Kenya Wren, Kenya Korongo, Kenya Hawk 
and Kenya Kingbird selected from National Performance Trial (NPT) and three commercial varieties, Robin, Kenya 
Eagle and NJRBWII were sown in RCBD in spilt plot arrangement. The main plots consisted of wheat sown at three 
seeding rates 75, 100 and 125 kg/ha. Sub plots consisted of nitrogen applied to wheat at tillering stage through the 
soil at three rates, 75, 100 and 130 kg N/ha. No chemical control of the RWA was done but weeds and foliar diseases 
were controlled through chemical sprays. The results indicated that aphid counts were significantly (P<0.05) different 
among the treatments. Kenya Korongo and Robin had the lowest aphid counts while NBWII had the highest. Aphid 
densities were significantly (P<0.05) influenced by N application rates. Nitrogen applied at 100 kg/ha had the highest 
RWA density of 3.7 and 4.1 in both seasons. Seed rate of 75 kg/ha gave the highest number of RWA counts 3.7 and 
4.07 while 100kg/ha gave the lowest RWA counts of 2.9 and 3.2 in both seasons.  

Introduction
Wheat is ranked the third most important cereal in the 
world after maize and rice (784 and 651 million MT 
respectively) with its production estimated at 607 million 
ton in 2007 (FAOSTAT, 2009). In Kenya wheat is the 
second most important crop after maize (FAOSTAT, 
2007). It is an important source of food and feed for both 
humans and livestock. Wheat production in Kenya is 
constrain by insect pests and diseases. 

Among the most serious biotic constraint in wheat 
production is the cereal aphid which cause serious 
damage to the wheat crop. The Russian Wheat Aphid 
(RWA) is the most damaging pests of wheat (Infonet 
biovision, 2013).  RWA can cause grain yield losses of up 
to 95% of wheat in the fields if uncontrolled (Macharia et 
al., 2002). Currently, RWA is controlled using chemical 
seed dressers and sprays that are expensive and harmful 
to the environment. According to Macharia et al., 1997a 
and Macharia et al., (2002), all commercial wheat 
varieties being grown in the Kenya are susceptible to 
RWA.  Other aphid species are less serious and usually 
cause no significant yield reduction. Cereal aphids cause 
direct damage to wheat crops through sucking of plant 
sap and also act as vectors of   Barley Yellow Dwarf 
Virus (BYDV) which has been reported to cause yield 
losses of up to 47% in wheat (Wanjama, 1979, Wangai, 

1990). Currently the main aphid control/management 
strategies are the use of systemic chemicals (aphicides) to 
control the populations (Macharia et al., 2012). Nitrogen 
application rates (Silvina et al., 2005) and seeding rates 
(Infonet biovision, 2013) have been reported to influence 
aphid densities on wheat crop although according to De 
Zutter et al., (2012) the RWA have preference to some 
varieties. 

Materials and methods
The field trials were conducted in in 2011 and 2012 
seasona at Njoro (2,164 m.a.s.l). The trials were laid out 
in a randomized complete block design (RCBD) in a 
split plot arrangement replicated three times, to evaluate 
appropriate seeding and nitrogen rates in the management 
of RWA in order to reduce cost of chemicals in wheat 
production. The blocks were subdivided into main 
plots and sub plots. Main plots were assigned to wheat 
varieties Robin, K. Eagle and NBWII, K. Tai, K. Sunbird, 
K. Korongo, K. Hawk and K. Kingbird. The wheat seed 
was sown in rows spaced at 18cm in the main plots 
using an experimental plot seeder at 75, 100 and 125 
kg/ha. Three rates 75, 100 and 130 kg N/ha of Nitrogen 
were applied to wheat at tillering stage through the soil. 
Inorganic fertilizer DAP (18:46:0) was applied in all pots 
at 100 kg/ha to supply starter nutrients. No insecticides 
were applied to control the RWA. Weeds and diseases 
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were managed as recommended (KARI, 2005). Three 
plants per plot were randomly selected and the number of 
RWA were identified and counted. RWA infestation was 
identified by visual observation of plant symptoms of 
rolled leaves, purple coloration of the leaves and sheaths. 
RWA counts were transformed using formula SQRT 
X+1=√x+1. Total number of tillers2, spikes/m2, and grain 
yield were taken and analyzed. Plots were harvested hand 
using a sickle and threshed with a plot thresher. Grain 
moisture was adjusted to 12%, weighed and recorded; 
1000 grains weight of each plot was recorded. Analysis 
of Variance (ANOVA) was conducted at (0.05%) to 
determine significant differences between the treatment 
means using SAS (1994).  Least Significant Difference 
(LSD) was used to separate the treatment means. 

Results
The effect of nitrogen and sowing seed rates treatments 
on the number of plants and damage by cereal aphids 
to the wheat crop were not highly manifested as it was 
expected due to the unusually high rainfall experienced 
in two cropping seasons. However, the number of aphids 
were significantly (P<0.05) different among varieties 
(Table 1). K. Korongo and Robin had the lowest RWA 
counts although they were not significantly (P>0.05) 
different between the two varieties. RWA counts, tillers/
m2, spikes/m2 and a 1000 grain weight were significantly 
(P<0.05) influenced by N application rates in both 2011 
and 2012 (Table 2). Sowing rates resulted in significant 
(P<0.05) effects on RWA counts, spikes/m2 and 1000 
grain weight in both seasons.

Discussion 
The results presented in Table 1, show that the number 
of RWA were significantly (P<0.05) different among 
varieties contrary to findings by Terri et al. (2003) who 
reported no significant differences among varieties. This 
discrepancy may have been caused by excess rainfall 
experienced in Njoro in both seasons which resulted in 
low cereal aphid infestation. K. Korongo gave the lowest 
aphid counts 2.8 and 3.0  in 2011 and 2012 seasons 
followed by Robin with 2.9 and 3.2  although there were 
no significant (P>0.05) differences between the two. 
NBWII had highest RWA count of 4.3 and 4.7 in the two 
seasons. These results indicate that RWA has preference 
for NBWII, in concurrence with De Zutter et al. (2012) 
finding. The low RWA counts recorded in the two 
seasons may have resulted from the high rainfall which 
may have been, unsuitable for RWA population growth 
and development. Similar observation was reported by 
WAAESD, (2013). Significant (P<0.05) differences were 
observed in tillers/m2 among the varieties (Table 1). 
NBWII had the highest number of tillers recorded 121.1 
and 134.1 tillers/m2 in 2011 and 2012 crop seasons while 
K Wren had the lowest tillers/m2 90.9 and 99.9 tillers/
m2. The high number of tillers, one of the major yield 
determinants recorded in NBWII had no effect on grain 
yield. This concurs with Brian et al. (2007) finding that
higher number of tillers does not necessarily increase 
grain yield. Grain yield and quality in wheat are 
dependent on other varietal intrinsic characteristics. 
The high number of spikes/m2 recorded in NBWII did 
not result in corresponding increase in grain yield. Grain 

Table 1. Effect of aphid counts on yield and yield determinants of wheat varieties
Variety  Aphids (3 plants) Tillers/m2 Spikes/m2   Yield (t/ha)
  2011 2012 2011     2012  2011  2012  2011  2012
K.Tai  3.3bc 3.9bc 111.1ba     122.2ba 82.2bdc  90.4bdc  2.24bc  2.71bc
K.Sunbird 3.6bc 4.4bc 116.9a     128.6a 88.1bac  96.9bac  2.09dc  2.54dc
K.Wren  3.6bac 4.4ac 90.9c     99.9.1c 74.3dc  81.7dc  2.11dc  2.55dc
K.Korongo 2.8c 3.0c 120.5a     132.6a 95.0ba  104.5ba  2.51ba  3.11ba
K.Hawk 3.1bc 3.4bc 104.3bac  114.7bac 81.4bdc  89.5bdc  2.43ba  2.94ba
K.Kingbird 3.8ba 4.2ba 94.5bc     103.9bc 71.0d  78.1d  1.07d  1.29d
Robin  2.9bc 3.2bc 117.7a     128.8a 96.0ba  105.6ba  2.53a  3.06a
K.Eagle  3.2bc 3.5bc 114.4a     125.8a 88.0bac  96.8bac  1.076d  1.30d
NBWII  4.3a 4.7a 121.9a     134.1a 99.1a  109.0a  1.08d  1.31d
Mean   3.38 3.39 110.2     123.8  86.1  94.5  1.90  2.30
LSD (0.05) 0.88 0.97 18.3     20.13  15.8  17.4  0.249  0.300
CV (%)  2.11 2.11 1.97     1.97  1.97  1.97  1.97  1.97
Means followed by the same letter in the same column are not significantly different at P>0.05
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yields were significantly (P<0.05) different among the 
different varieties.  Robin and K. Korongo gave the 
highest grain yields of (2.5 and 3.0 t/ha in 2011 and 2012 
respectively although there were no significant (P>0.05) 
yield differences between Robin and K. Korongo. NBWII 
gave the lowest grain yield 1.1 and 1.3 t/ha in the two 
seasons probably due to its high susceptibility to RWA 
attack leading to sterile ears and subsequently low grain 
yield. 

The results shown in Table 2 indicate that aphid densities 
were significantly (P<0.05) influenced by N application 
rates. Nitrogen applied at 100 kg/ha had the highest 
RWA density of 3.7 and 4.1 aphids in 2011 and 2012, 
followed by 75 kg N/ha and 130 kg N/ha in the same crop 
seasons. This may have been caused by the unfavourabe 
environmental conditions (high rainfall) leading to low 
aphid numbers that could not cause significant crop 
damage. The results contradict Fluegel and Johnson, 
(2001) who reported no significant effects on aphid 
counts due to N application levels. Nitrogen at 100 kg/ha 
gave the highest number of tillers, 116.7 and 128.4 tillers/
m2 in 2011 and 2012. 

Table 2. Effect of nitrogen on cereal aphid counts, yield and yield components
Nitrogen kg/ha  Aphids counts (3 plants)  Tillers/m2 Spikes/m2  Yield (t/ha)
  2011 2012  2011 2012  2011 2012 2011 2012
75  3.3ba 3.6b  106.5b 117.5b  82.6 90.7b 2.21b 2.43b
100  3.7a 4.1a  116.7a 128.4a  90.6 99.7a 2.23a 2.46a
130  3.1b 3.4b  107.6b 118.4b  85.1 93.6b 2.19b 2.41b
Mean   3.4 3.7  110.3 121.4  86.1 94.4 2.21 2.43
LSD (0.05) 0.6 0.7  9.1 10.0  NS 6.1 0.43 0.27
CV (%) 1.97 1.97 1.97  1.97 1.97  1.97 1.97 1.97
Means followed by the same letter in the same column are not significantly different at P>0.05

Although plots that received 100 kg N/ha had the highest 
number of RWA recorded, it would appear that N was 
useful in making the plants tolerance to aphid infestation 
for tiller formation and survival. This observation concurs 
with findings by Silvina et al., (2005). Spikes/m2 were 
not significantly (P<0.05) influenced by application of N 
in 2011 crop season but were significantly increased due 
to nitrogen application in 2012. Lack of response to N 
in 2011 crop season may have been caused by the higher 
amount of precipitation experienced in the crop growth 
period. Similar observation were reported by Archer 
et al., (1995) and Hassain et al., (2008), who found no 
significant (P>0.05) differences in spikes/m2 due to 
application of N at different rates. 

The highest grain yields were recorded in plots which 
received 100 kg N/ha, 2.2 t/ha and 2.5 t/ha in both 
seasons. Response of wheat to N application may have 
been caused by the availability of soil moisture necessary 
for plant growth and hence utilization of the nutrient. 
The finding agrees with Riedell, (2008) suggestion that 
N fertilization may be a useful strategy for limiting yield 
reduction caused by RWA in wheat crop that is deficient 
in N. 

The results presented in Table 3, seed rate of 75 kg/ha 
gave the highest number of RWA counts 3.7 and 4.07 
aphids in 2011 and 2012. It was observed that aphid 
counts varied with seeding rates, the highest counts being 
recorded in the lowest seeding rate. This observation 
agrees with Infonet Biovision, (2013) postulation that 
low plant densities are susceptible to heavy attacks 
by the aphid. Seed rates of 100kg/ha gave the lowest 
RWA counts of 2.9 and 3.2 aphids in 2011 and 2012 
followed by seed rate of 125 kg/ha. It could be suggested 
that aphids which attack wheat do not like to colonize 
densely sown crops compared to low plant densities. 
Subsequently the lowest grain yield were recorded at 

sowing rates of 75 kg/ha of (2.1 and 2.4 t/ha) followed 
by seed rate of 125 kg/ha (2.3 and 2.5 t/ha) in 2011 and 
2012, while 100kg/ha gave the highest grain yield 2.3 and 
2.6 t/ha in 2011 and 2012 respectively. 

Conclusion
The results obtained showed that K. Korongo gave the 
lowest aphid counts in both seasons while Robin gave the 
highest grain yield 3.1 t/ha. Nitrogen at 100 kg N/ha and 
the seeding rate of 100 kg/ha appeared the best rates. The 
results show that it may be possible to combine optimal N 
rates with optimal seed rates in the management of RWA 
in wheat production

Effect of nitrogen and seeding rates on Russian Wheat Aphid on wheat crop
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Table 3. Effect of seed rates on cereal aphid counts, yield and yield components
Seed rate (kg/ha)  Aphids counts (3plants)  Tillers/m2 Spikes/m2  Yield (t/ha)
   2011 2012  2011 2012  2011 2012  2011 2012
75   3.7a 4.07a  105.6 116.2  79.0b 79.0b  2.13ba 2.35b
100   2.9b 3.2b  110.7 121.8  86.9ba 95.6ba  2.34a 2.57a
125   3.4ba 3.7ba  114.6 126.1  91.7a 100.9a  2.25a 2474.8ba
Mean    3.3 3.7  110.3 121.4  85.7 91.8  2.24 2.46
LSD (0.05)  0.05 0.06  NS NS  9.1 10.03  0.144 0.158
CV (%)   2.03 2.03  1.979 1.979  1.979 1.979  1.979 1.979
Means followed by the same letter in the same column are not significantly different at (P>0.05)

Recommendations
The results reported in this study are not conclusive 
because of the prevailing environmental conditions 
that did not favour the usual RWA infestation pressure 
experienced in years with moderate or low rainfall. 
Further work is needed to confirm these results for 
the purpose of recommendation to the wheat growers. 
However in this field study varieties K Korongo and 
Robin appeared to have the capacity to give grain even 
without any chemical use for the management of RWA.
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Abstract
Wheat (Triticum aestivum L.) is the second most popular cereal. It is mainly produced under rainfed conditions on 
0.4% of the arable land area. This zone contributes 60% of the total wheat production in Kenya. Wheat production 
is low in Kenya because of poor management of insect pests and diseases. Stem rust (Puccinia graminis f. sp.tritici), 
Leaf rust (Puccinia triticina) and Stripe rust (Puccinia striformis) occur on wheat and result in poor yields when not 
controlled, all other production factors being constant. Rust infections reduce plant vigour, root growth and grain 
filling, resulting in fewer shriveled kernels and reduced number of grains per ear. The rust diseases cause severe crop 
losses of 50-70%. KARI-Njoro has released high yielding varieties that farmers have adopted. The importance of high 
yields of excellent quality is key to meeting the demands of the consumers and as such crop management options that 
can control the effects of rust, particularly stem rust, on wheat production are vital. The use of mixtures and multiline 
in the farming system can boost wheat yields. Varietal mixtures may reduce disease incidence due to the barrier effect 
provided by resistant plants that fill the space between susceptible lines. The experiment was initiated to determine 
the effect of multiline planting of resistant and susceptible high yielding varieties on disease spread and overall yield. 
The experiment was laid out at KARI-Njoro and at Kandie farm at Moiben in Uasin Gishu District, in a randomized 
complete block design replicated four times. The wheat varieties planted were Robin, Duma, Chozi, Kenya Ibis as 
pure stand and as mixtures. In the second season in Njoro grain yields were significantly (0.05%) different. Robin 
had the highest yield at 12.5% moisture content and Chozi the lowest. The grain yields of the mixtures were similar 
at 4-5 kg per plot. In Uasin Gishu grain weights per plot were significantly (5%) different. The Robin/Chozi mixture 
was heaviest followed by the pure stand Robin and the Robin/Ibis mixture, the Robin/Duma mixture was next and the 
lowest were pure stand Duma and Chozi. Preliminary results in the first season were not significantly different as the 
disease pressure was not high. It is concluded that farmers can maintain the growing of pure stand wheat when stem 
rust disease pressure is low.

Introduction
KARI-Njoro has released high yielding wheat varieties 
that farmers have faithfully adopted. Wheat ( Triticum 
aestivum L), the second most popular cereal is mainly 
produced under rain fed conditions on 0.4% of the arable 
land area. This zone contributes 60% of the total wheat 
production in Kenya. Currently production is low and 
has been attributed to poor management of insect pests 
and diseases. Stem rust (Puccinia graminis f. sp.tritici), 
Leaf rust (Puccinia triticina) and Stripe rust (Puccinia 
striformis) occur on wheat in Kenya and result in poor 
yields when not controlled. Rust infections reduce plant 
vigor, root growth and grain filling resulting in fewer 
shriveled kernels and reduced number of grains per 
ear (Anonymous, 1997; and Anonymous, 1999). The 
diseases cause severe crop losses in the range of 50-70% 
(Oggema, 1972 and Wanyera, 1994)

Research in other countries has shown that the use of 
mixtures and multi lines in the farming system can 
considerably boost the yields of wheat crops. Varietal 
mixtures may reduce disease incidence due to the barrier 
effect provided by resistant plants that fill the space 

between susceptible lines (Vidhyasekaran 1993).
Farmers in the mid altitude regions where wheat does 
well and can be grown twice in a year have to grapple 
with the low yields of their wheat crops due to the 
susceptibility of the pure stands to wheat rusts which is 
a major cause of low yields among small holder farmers. 
The purpose of the experiment was to assess the impact 
of planting resistant and susceptible high yielding wheat 
varieties on disease spread and overall yield. The specific 
objectives were to determine the effect of mixtures of 
wheat varieties on overall yield and to determine the 
effect of mixtures on disease incidence.

Materials and methods
The experiment was laid out at the Kari Njoro research 
center on the 25 May in field fourteen in 2011 and on 19 
June 2012 in field thirteen in 2012. The same experiment 
was also planted on the 25th May in 2011 and on 22 May 
in 2012 at the Kandie farm at Moiben in Uasin Gishu 
district, in a randomized complete block design replicated 
four times using an experimental plot seeder. The 
varieties planted were Robin, Duma, Chozi and, Kenya 
Ibis (K.Ibis) in the following treatments 
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 • TRT:1-Robin
 • TRT:2- Duma
 • TRT:3-Chozi
 • TRT:4-Kenya.Ibis 
 •TRT:5-Robin x Duma
 • TRT:6- Robin x Chozi
 • TRT:7- Robin x K.Ibis
The experiment was laid out as indicated in Figure 1.
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Sowing was done using an experimental plot seeder. 
Seedling counts using the half meter quadrant were 
carried out at the Njoro site. The crop was scored for 
disease by percentage ranging from 0 indicating no sign 
of the rusts to 100% where the crop would be completely 
covered by the rusts and the severity was scored as an 
infection class , 0 indicating none,1or less indicating trace 
(TR) severity with resistant action,1-2 moderate resistant 
(MR)reaction to infection ,2-3 showing resistance or 
necrotic areas with or without uredia present (R),3-
4 showing moderate susceptibility (MS),5 and more 
showing susceptibility (S) which was severity with a 
susceptible reaction.

Plant density counts were taken at the Njoro site in June 
of 2011 and July of 2012. Disease scores for yellow rust 
and stem rust were carried out on the 6th July,10th August 
and 23rd August, of 2011 and on the 4th July ,6th of August 
,30th October of 2012 at the Njoro site and on the 5th July, 
and 12th August at the Moiben site in 2011 and on 18th 
Pests were effectively controlled by use of chemicals 
,the herbicide Buctril MC was sprayed to control the 
broadleaf weeds at a rate of 1.4l/ha and the insecticide 
Cyclone to control the Russian wheat aphids at a rate of 
10mls/20liter using a knapsack sprayer.

Prior to harvesting the trials, samples of the wheat were 
hand harvested at both sites and harvesting of the trials 
was done on the 31st October 2011 at Moiben and on 
the 4th and 5th November 2011 at Njoro while in 2012 
the experiment was harvested on the 6th October at 
Moiben and on the 20th November at Kari Njoro using an 
experimental plot harvester. The harvest samples were 
cleaned and the yield component measurements taken. 

The data analysis was done using the SAS procedures and 
the results are as discussed below.

Results
Observations made on the crop at Njoro on 3rd June 2011 
indicated the crop stand was good and had germinated 
evenly with the residual soil moisture. Dominant weeds at 
the Njoro site in both years were Amaranthus, Galinsoga 
parviflora, Emex australis, Cypruss species, Portulacea 
olesaceae, Setaria pumila, Eleusine indica, Bidens pilosa, 
and Polygonum convulucus.

The dominant weeds at the Moiben site in 2012 were 
broad leafed ones Niger plant (Guizotia abysinica) and 
Chinese lantern (Galinsoga parviflora) as well as some 
grass weeds Seteria pumila and Eragrostis spp. Weeds 
were effectively controlled by use of the chemicals

Growth and grain yield data at Njoro site
Chozi and the Robin/Chozi mixture were the tallest and 
Kenya Ibis and Duma the shortest in 2011 while the rest 
were of similar height (Table 1). In 2012 there were no 
differences in plant stand counts or plant heights among 
the treatments as shown in Table 2.

In both years spike density was significant at 5% and K 
Ibis had the highest in 2011, with 213 plants per meter 
square followed by Robin and the mixture of the two. The 
rest were within the same range. In 2012 the Robin/K.Ibis 
mixture had the highest number of spikes per square 
meter and pure stand Chozi the least. In 2011 Sample 
Spike weight was also significant at 5% with Robin 
(150grams) and the Robin/K.Ibis mixture (148 grams) 
having the heaviest and Chozi being the lightest. In 2012 
with Robin, Chozi and their mixture had the highest and 
Ibis had the lowest. In 2011 Grain weights per plot were 
significant at 5% and Robin the heaviest at 1.44kg (which 
translates to 800 kg/ha) and Chozi the lightest at 0.47 
kg(which is 261kg/ha)as shown in Table 1.

In 2012 Robin had the highest grain yield at 5.5 kg 
(which is 3072 kg/ha) at 12.5% moisture content and 
Chozi the lowest at 2.96 kg (1646 kg/ha). The grain yield 
of the mixtures was similar and ranged between 4 and 5 
kg per plot (which is between 2 and 3 kg/ha) as shown in 
Table 2. The grain yields per plot are shown in Figure 1.

Growth and yield data at the Moiben site
The plant heights, at 5% significance shown in Table 
3 indicated that Chozi was the tallest followed by the 
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mixture Robin/Chozi then pure stand Robin and the 
Robin/Duma mixture were similar in height. Duma was 
the shortest in 2011. 

The plant heights, in 2012 again showed Chozi and the 
Robin/Chozi mixture was the tallest followed by the 
Robin/K.Ibis mixture and pure stand Robyn. The shortest 
were the pure stands Duma and K Ibis as shown in Table 
4. Spike density was significant at 5% and K Ibis had the 
highest with 264 plants per m2 followed by treatments 
Chozi, Robin/Duma mixture, Robin/Chozi mixture, 
Robin, while Duma had the lowest.

Sample Spike weight was also significant at 5% with K 
Ibis (359 grams) having the heaviest, followed by Chozi, 
Robin/Chozi mixture, Robin/K Ibis mixture, Robin/Duma 
mixture, then Duma being the lightest. Grain weights 
per plot were also significant at 5% and Robin was the 
heaviest at 1.99 kg and the lowest Duma at 1.24 kg. 

Spike density was not significantly different among the 
treatments neither was the biomass yield in 2012.
Thousand kernel weight was significant at 5% with 
Chozi having the highest, followed by the Robin/Chozi 
mixture, then by pure stand Robyn then Duma and the 
Robin/Duma mixture, and Ibis having the lowest weight 
in 2011. The thousand kernel weights (TKW) were 
also significantly different with Robyn, Chozi and their 
mixture having the highest and Ibis having the lowest in 
2012.

Grain weights per plot were also significant at 5% and 
Robin was the heaviest at 1.99 kg (which translates 
to1105 kg/ha) and the lowest Duma at 1.24 kg (which is 
688 kg/ha) in 2011as shown in Table 3. Grain weights per 
plot in 2012 were also significant at 5% and the Robin/
Chozi mixture the heaviest, followed by the pure stand 
Robin and the Robin/Ibis mixture, the Robin/Duma was 
next and the lowest were pure stand Duma and Chozi as 

 

Table 1. Growth and yield parameters of wheat plots in field 14 at Njoro in season 2011 
 
Treatment 

Seedling 
counts per m2 

Plant ht (m2) Spike density 
per m2  

Spike wt (g) Grain wt per 
plot (kg) 

Robin 33b 105.3ab 156bc 150a 1.44a 
Duma 51ab 90.4d 153c 85bc 0.63dc 
Chozi 60ab 112.6a 136c 68c 0.47d 
K.Ibis 61ab 94.7dc 213a 129ab 1.07abc 
Robin x Duma 51ab 103.7abc 147c 110ab 0.90bcd 
Robin x Chozi 70a 110.9a 138c 101bc 0.83bcd 
Robn x K.Ibis 65ab 101.0c 201ab 148a 1.21ab 
CV (%) 39.4 5.93 18.07 27.90 34.43 
LSD (0.05) 32.65 9.05 45.48 46.8 0.48 

 

Table 2. Growth and yield parameters of wheat plots in field 13 at Njoro in season 2012. 
 
Treatment 

Plant density 
counts (m2) 

Plant ht 
(m2) 

 
Biomass 

Thousand 
kernel wt 

Spike density 
(m2) 

Grain wt  
(g) per plot 

Robin 119.25 99.9 897a 36.25a 239ab 5530a 
Duma 103.88 91.47 623.25bc 28.5d 198.25bc 3064.6bc 
Chozi 121.88 92.87 565.00c 37.5a 154.50c 2963.9d 
K.Ibis 148.00 93.55 710.50bc 30.0.d 248.25ab 4241.2bc 
Robin x Duma 100.63 94.23 811.25ab 32.25c 243.00ab 4706.8ab 
Robin x Chozi 123.0 97.40 785.25ab 36.25a 228.75ab 4017.5bcd 
Robin x K.Ibis 132.50 95.80 822.5ab 34.00b 265.50a 5130.1ab 
CV (%) 16.547 6.375 18.11 3.08 15.43 19.29 
LSD (0.05) NS NS 200.46 1.53 51.676 1214.5 

Effects of multiline planting on spread of Stem rust disease and yield of wheat in Njoro and Eldoret
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Fig. 1. Wheat yields in kg/plot for the Njoro site

 

Table 3. Growth and yield parameters of wheat plots at Kandie farm in Eldoret season 2011 
 
Treatment 

 
Plant ht 

Spike density 
(m2) 

 
Spike wt (g) 

Biomass wt per m2 
sample 

Grain wt per 
plot 

Robin 86.1bc 179b 315.65bc 359.38bc 1.99a 
Duma 75.1e 193b 259.38c 325.00c 1.24c 
Chozi 94.4a 229ab 359.38ab 446.88a 1.67b 
K.Ibis 78.6ed 264a 393.75a 428.13ab 1.71ab 
Robin x Duma 86.0bc 224ab 312.50bc 378.13abc 1.49bc 
Robin x Chozi 92.3ab 222ab 346.88ab 387.50abc 1.67b 
Robin x K.Ibis 82.8cd 214ab 337.50ab 362.50bc 1.65b 
CV (%) 5,24 16.70 14.42 12.13 12.88 
LSD (0.05) 5.0 40.94 53.78 69.22 277.04 

shown in Table 4. The grain yields per plot for both years 
in Uasin Gishu is shown in Chart 2.

Disease data at the Njoro site
 In 2011 the disease scores were significantly different at 
5%. Yellow rust was present from the beginning of the 
season but with lower percentage than in 2012. The pure 
stand Chozi had the highest percentage (6.5%) at start of 
the season (Fig. 1.).

The Robin/Chozi (3.%) and the Robin /Duma (4.25%) 
mixtures were the next most infested with the yellow 
rust disease and towards the end of the season as the 
crop gained physiological maturity Chozi (35%) and the 
Robin/ Chozi (15.5%) mixture had the highest infection.
The severity scores shown in Figure 2 indicated that 
Robin was resistant to yellow rust at the beginning of the 
season but this changed and by the end of the season it 

had a moderate resistant reaction to the rust. Duma was 
moderately resistant to the yellow rust at the beginning 
of the season but by the end was moderately susceptible. 
Chozi was moderately susceptible throughout the season. 
K Ibis showed a trace resistance throughout the season. 
The Robin/Duma mixture and the Robin/K.Ibis mixture 
moved from resistant to moderately resistant reaction 
as the season progressed. The Robin/Chozi mixture was 
susceptible throughout the season.

Stem rust was noticed towards the latter growth stages 
of the crop as shown in Figure 3 with the plots having 
Chozi and the Robin/Chozi mixture having the highest 
percentage. The pure stand Robin and the Duma plots 
also had some stem rust by the end of the season. 

No stem rust was observed in the plots with K Ibis 
and only trace amounts on the plots with Robin/K Ibis 
mixture.
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Table 4. Growth and yield parameters of wheat plots at Moiben farm, Uasin Gishu, season 2012
Treatment Plant ht  Spike density (m2)     TKW (g)    Biomass wt per m2 sample Grain wt per plot
Robin  93.75b  254.25   37.75c  802.75a   4480.8ab
Duma  88.75c  213.25   35.75d  609.25b   2967.8c
Chozi  101.25a  200.75    45.75a  721.00ab  3101.0c
K.Ibis  86.25c  253.25   34.00e  693.00ab  3708.0bc
Robin x Duma 90.25cb  219.00   35.75d  674.75ab  3877.5abc
Robin x Chozi 101.00a  270.5   40.75b  848.5a   4724.0a
Robin x K.Ibis 94.00b  270.5   34.00e  820.00a   4235ab
CV (%) 3.37 22.92  1.72   16.738  17.65
LSD (0.05) 4.693  NS   0.968  83.63   1014.9 

Fig. 1. Yellow rust present in wheat at Njoro 2011(%) 
Fig. 1. Yellow rust present in wheat at Njoro 2011(%)

 

Fig. 2. Yellow rust severity in wheat at Njoro 2011 
Fig. 2. Yellow rust severity in wheat at Njoro 2011

The pure stand Robin was moderately resistant to the 
stem rust as seen in Figure 4, Duma showed a moderately 
resistant reaction at the middle of the season but was 
moderately susceptible by the end of the season. Pure 
stand Chozi was susceptible throughout the season. K Ibis 
showed trace resistance throughout the season The Robin/
Duma mixture was moderately resistant at the beginning 
of the season but by the end of the was moderately 
susceptible. The Robin/Chozi mixture was moderately 

susceptible in the middle of the season and susceptible 
by the end. The Robin/K Ibis showed trace and moderate 
resistant reaction throughout.

In 2012 the yellow rust incidence in the Njoro site plots 
was highest in the plot with pure stand Chozi (18.74%) 
and the plot with Robin/Chozi mixture (15%) early in the 
season and throughout as shown in Figure 5. 
Pure stand Chozi and the Robin/Chozi mixture were 
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Fig. 3. Stem rust percentage in wheat at Njoro field 14 site in season 2011 Fig. 3. Stem rust percentage in wheat at Njoro field 14 site in season 2011

moderately susceptible throughout the season (Fig. 6). 
Robin/K.Ibis mixture also had some yellow rust but was 
moderately resistant to the infection by the middle of the 
season. All the plots had some yellow rust by the end 
of the season but the severity was low, with pure stand 
Robin, K.Ibis and the Robin/K.Ibis mixture showing 
moderate resistance and low percentage infection. The 
pure stand Chozi and the Robin/Chozi mixture had 
moderate susceptibility to infection and low percentage 
infection by the end of the season. The Robin/Duma plots 
were resistant and the Robin, K.Ibis, Robin/K.Ibis, and 
Duma plots were moderately resistant to the yellow rust.
There was Stem rust towards the end of the season with 
all the plots having a low percentage of the disease (Fig. 
7). In the middle of the season pure stand Duma had the 
highest amount (4%) and the Robin/Chozi mixture the 
least (0.75%) and by the end of physiological maturity 
the Robin/Chozi mixture had the highest (7.5%) and 
Robin the lowest (0.5%)

All the plots showed a moderate resistant reaction to 
the stem rust other than the Robin/Chozi which showed 
trace severity with resistant reaction in the middle of the 
season. Towards the end of the season pure stand Robin 
showed trace reaction. Duma was moderately susceptible, 
pure stand Chozi and K Ibis were resistant and the 
mixtures were moderately resistant (Fig. 8).

Moiben site disease data
There was negligible amount of yellow rust in 2011. In 
2012 there was some observed in all the plots except pure 
stand K. Ibis early in the season and pure stand Duma 
and the Robin/Duma mixture were the most affected by 
the end of the season. But no stem rust observed in both 
seasons at the Moiben plots (Fig. 10). 

Discussion 
The cultivars used in mixtures are generally those 
that possess good agronomic characteristics and have 
phenotypically similar important traits (Wolfe, 1985).in 
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Fig. 5. Yellow rust scores (%) on wheat at Njoro field 13 in season 2012 
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Fig. 6. Yellow rust severity on wheat in the Njoro field 13 in season 2012 
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Fig. 7. Stem rust disease scores (%) on wheat in Njoro field season 2012 Fig. 7. Stem rust disease scores (%) on wheat in Njoro field season 2012

Fig. 6. Yellow rust severity on wheat in the Njoro field 13 in season 2012

Fig. 5. Yellow rust scores (%) on wheat at Njoro field 13 in season 2012
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the study the varieties selected had been developed for 
their high yields and early maturity. They have similar 
plant height but react differently to rust diseases. Wheat 
yield components are total heads per acre, number of 
spikelets per head, number of kernels per spikelet and the 
weight of the kernels developed. Total heads produced 
is the most important factor in producing high yields 
and in this trial there was no difference between the pure 
stands and the mixtures with regard to this component 
at both sites. The wheat plant can add additional heads 
per unit area by initiating tillers at the 3-5 leaf stage and 
if favorable weather allows, 1-2 tillers will survive to 
produce heads and this may have been the case in both 
sites as the weather was favorable for wheat throughout 
the season at both sites.

There were significant differences in the thousand 
kernel weights at both sites in 2012. At the Njoro site the 
treatments with highest TKW were Robin, Chozi, and 
the mixture of these varieties. The treatment with the 
lowest was K.Ibis. Similarly at the Moiben site Chozi 
had the highest, then the mixture of Robin and Chozi and 
pure stand Robin and K.Ibis had the lowest. Studies have 
shown that opportunities for enhancing yield occurs at 
the 4-leaf stage to 5-leaf stage in wheat when head size is 
determined. Cooler weather at this stage results in larger 
heads with spikelet counts up to 16-18 per head being 
very favorable. The weather during grain filling was 
conducive and this may have resulted in the differences 
observed in the grain yields of the treatments. Grain yield 
at the Njoro site at 12.5% moisture was highest for Robin 
and the lowest for Chozi, at the Moiben site the highest 
yielding was the mixture of Robin/Chozi and the lowest 
were the pure stands of Duma and Chozi.

The varieties studied showed different reactions to the 
rust infestation in each year. The pure stand Chozi and 
Duma were the worst hit by the yellow and stem rust in 
2011.Pure stand Kenya Ibis and the mixture of Robin/K 
Ibis able to with stand both the rusts and were the highest 
yielding at the end of the year.

In 2012, Pure stand Chozi and the Robin/Chozi mixture 
were the most affected by yellow rust while pure stand 
Duma and the mixture of Robin/Chozi were the worst 
hit by stem rust. The highest yielding in 2012 were 
Robin, the Robin/K.Ibis mixture and pure stand K Ibis. 
It appears that the effect of rust disease on the yield of 
wheat is crucial and have been the greater source of 
yield reduction because the effect it has on crucial yield 
components. Multi lines and mixtures are of economic 
interest because of the ability to protect susceptible host 
genotypes according to Castro (2007). Chozi and K Ibis 
known to susceptible to rust were apparently protected by 
Robin so that their final yields were similar to pure stand 
Robin.

Conclusion
Preliminary results suggest that farmers may grow wheat 
in pure stands when diseases pressure is low. However 
the experiment would need to run for another season to 
ensure the data collected is sufficient to make concrete 
recommendations on planting of the multi lines.

Recommendation
The farmers in the wheat growing areas can continue 
growing pure stands of high yielding varieties when 
the disease pressure is low but would be better planting 
a resistant variety or grow a high yielding susceptible 
variety mixed with the resistant one to overcome the 

 

Fig. 8. Stem rust severity on wheat in Njoro field 13 season 2012. 
Fig. 8. Stem rust severity on wheat in Njoro field 13 season 2012.
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effect on yield reduction associated with the stem rusts.
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Abstract
Six early bulking varieties, I92/00067, 99056, MH96/5280, 990005, 990132, Ex-Mariakani and two local 
checks, Kibandameno and Tajirika were evaluated at three sites namely, KARI-Mtwapa, Msabaha and 
Mpeketoni in 2012/13 growing season. The varieties were evaluated for root yield, yield components and 
reaction to major cassava insect pests and diseases. Severity to cassava mosaic disease (CMD) and cassava 
brown streak disease (CBSD) were significantly (p< 0.05) influenced by varieties and the interaction 
between site and varieties. Variety 990132 was most severely damaged by CMD at Mpeketoni while 
varieties 990005, I92/00067, MMH96/5280 and Tajirika were free from CMD at all sites. All varieties, 
except 990132 at KARI-Mpeketoni and 990005 at KARI-Mtwapa, showed tolerance to CBSD. Severity to 
CGM and CMB was significantly (p< 0.05) influenced by site, variety and the interaction between site and 
variety. Variety 990056 at KARI-Msabaha was most severely affected by both cassava green mites (CGM) 
and cassava mealy bug (CMB). Site (p< 0.05) and variety (p< 0.001) significantly affected cyanogenic 
potential, while dry matter content was affected by variety only. Highly significantly (p < 0.001) differences 
among site were observed for disease incidence while both variety and site variations influenced severity 
of root necrosis. Site and variety influenced the number of storage roots per plant. Root yield was highly 
significantly (p< 0.001) affected by site, variety and interaction between variety and site. Across sites, yield 
of over 35 t ha-1 was achieved at seven months after planting.

Introduction
Cassava (Manihot esculenta Crantz ssp. Esculenta) is 
the fourth most important source of energy after rice, 
sugarcane and maize in the tropics (Akinwale et al., 
2010) and a major source of calories for about 40% of 
Africans (Nweke et al., 2002). In coastal Kenya the crop 
is the second important after maize, a source of income 
for many communities and can be used in starch and 
feed industries. It is mainly grown in coastal lowlands of 
Kwale and Kilifi Counties by small-scale farmers, most 
of whom grow late maturing varieties that are susceptible 
to cassava brown streak (CBSD), cassava mosaic (CMD) 
diseases, cassava mealy bug (CMB) and cassava green 
mites (CGM) resulting in low yields of 12 t/ha. Late 
maturing varieties occupy land for longer time reducing 
the efficiency of yield per unit time. Increased drought 
and erratic rainfall has rendered late maturing varieties 
unsuitable for most areas. Therefore, varieties that mature 
early may mitigate the effects of climate change. Early 
maturing varieties can also be used as a management 
option for CBSD because the disease becomes more 
severe the longer the crop stays in the field (Hillocks and 
Jennings, 2003). 

Earl maturing varieties have been identified for Arid 
and Semi-Arid Lands at KARI-Katumani. These 
varieties have not been evaluated in the coastal Kenya. 
Introducing and validating these early maturing varieties 
and screening them for major pest and disease resistance 

in the coastal lowlands will identify suitable varieties 
combining short growth period and resistance to pests and 
diseases. This is because cassava varieties exhibit high 
genotype x environment (G x E) interaction (Akinwale et 
al., 2011) which impairs the accuracy of yield estimation 
and reduces the relationship between genotypic and 
phenotypic values (Ssemakula and Dixon, 2007). Due 
to G x E interaction the performance of varieties across 
environments differs and varieties need to be evaluated 
in target environment to identify superior varieties (Aina 
et al., 2009). Therefore a study was carried out in coastal 
lowlands agro-ecological zone three (CL3) in coastal 
region of Kenya to validate the performance of cassava 
varieties for early maturing and resistance to CBSD 
resistance. 

Materials and methods
Six early maturing varieties (I92/00067, 990056, 
MH96/5280, 990005, 990132, Ex-Mariakani and two 
local checks, Kibandameno and Tajirika) were evaluated 
at KARI-Mtwapa, Msabaha and Mpeketoni in 2012/2013 
growing season. The sites differed in the total amount 
of rainfall received (Fig. 1) and the crop planted in the 
previous season. At both KARI-Mpeketoni and KARI-
Msabaha the previous crop was maize, which had 
received fertilizer while the trial site at Mtwapa had 
cassava grown in the previous season without fertilizer 
application. The trial was planted in a randomized 
complete block design (RCBD) with three replications. 
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Mature cassava stem cuttings of each variety was planted 
in a 30 m2 plot spaced 1.0 m between rows and 1.0 m 
within rows.

At six months after planting (MAP), the varieties were 
screened for severity of CBSD (Legg and Hillocks, 2003) 
and CMD, CGM and CMB (IITA, 1990). Insect pest and 
disease scores were rated on the plant showing the most 
severe damage using a scale of 1 to 5. Severity score of 
1 indicated no visual symptoms for all insect pest and 
disease damage. For CMD, a score of 5 showed severe 
mosaic, distortion of four-fifths or more of leaflets, 
twisted and misshapen leaves. Very severe chlorotic and 
significant leaf size and young shoot portion associated 
with extensive defoliation and candlestick appearance of 
young shoots indicated a severity score of 5 for CGM. A 
plant showing candlestick appearance, reduced internodes 
length and curving with complete defoliation of the 
young portion of the shoot was given a score of 5 for 
CMB. A plant expressing severe foliar chlorosis, blotches 
and stem lesions was given a severity score of 5 for 
CBSD foliar and stem damage. 

The incidence of root necrosis (IRN) was measured as 
the number of necrotic roots expressed as a percentage 
of total roots harvested from ten plants. All roots from 
the harvested plants except those sampled for dry matter 
content and cyanogenic potential analysis were sliced 
transversely and the root section with the largest necrotic 
area was rated for severity of root necrosis (SRN) using 
a scale of 1 (no visible necrosis) and 5 (>30% root 
necrosis) according to Hillocks et al. (1996).
Varieties were assessed for cyanogenic potential and early 
maturing by screening for yield, number of roots per 

plant and dry matter content at seven MAP as follows:

• Root yield was determined by recording the weight 
of all storage roots from 10 randomly selected 
plants from the inner rows of each variety from each 
replication;

• Number of roots per plant was determined by 
counting and averaging roots from 10 plants of each 
variety from each replication;

• Two roots from each variety and replication were 
randomly sampled for analysis of cyanogenic 
potential (CNP) according to the Bainbridge et 
al. (1996) method using a scale of 1 (cyanogenic 
potential mg hydrogen cyanide equivalence / kg 
fresh weight of <10) to 9 (mg hydrogen cyanide 
equivalence / kg fresh weight of >150);

• Dry matter content (DMC) was measured following 
Bainbridge et al. (1996) procedure where 200 gm of 
fresh chips were oven dried to constant dry weight 
at 700C for 72 h. The dry matter content (%) was 
calculated as a percentage of the dry weight over the 
fresh weight;

Analysis of variance for all data collected was computed 
in GENSTAT, version 11.1 (Lawes Agricultural Trust, 
2007) and means were separated using LSD0.05.
 
Results 
The severity to CMD was significantly (p< 0.05) 
influenced by variety, site and the interaction between site 
and variety (Table 1). The mean severity score of CMD 
among varieties across the three sites was 2.2. Variety 
990132 was most severely damaged by CMD at KARI-
Mpeketoni while Kibandameno showed the highest CMD 
damage at both KARI-Msabaha and KARI-Mtwapa. 

 

Fig. 1. The total rainfall receieved at KARI-Mpeketoni, Msabaha and Mtwapa

MUNGA  AND  DAU Performance of early bulking cassava varieties in coastal Kenya
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Table 1. Cassava mosaic disease damage among varieties at sites in coastal Kenya
   Cassava mosaic disease severity scores
Clone   Mpeketoni Msabaha Mtwapa Mean
990005   1.0  1.0  1.0  1.0
990056   1.7  3.0  4.0  2.9
990132   5.0  4.0  4.3  4.4
Ex-Mariakani  1.7  3.0  2.3  2.3
I92/00067  1.0  1.0  1.0  1.0
Kibandameno  4.0  4.0  4.7  4.2
MMH96/5280  1.0  1.0  1.0  1.0
Tajirika   1.0  1.0  1.0  1.0
Mean   2.0  2.3  2.4  2.2
LSDsite (P<0.05)       0.5   
LSDvariety (P<0.05)       0.8   
LSDsite*variety (P<0.05)      1.4   
LSD= Least significant differences

Varieties 990005, I92/00067, MMH96/5280 and Tajirika 
were free from CMD at all sites.

Significant (p< 0.05) differences were observed among 
varieties, sites and the interaction between site and 
varieties for severity to CBSD (Table 2). The mean 
CBSD severity score across sites was 1.9. Lowest CBSD 
severity scores were observed in varieties Tajirika at 
KARI-Mpeketoni, Tajirika and MMH96/5280 at KARI-
Msabaha and Tajirika, MMH96/5280 and 9900056 at 
KARI Mtwapa.

Similarly, severity to CGM was significantly (p< 0.05) 
influenced by site, variety and the interaction between 
site and variety (Table 3). The mean severity score for 
CGM across sites was 1.2. All varieties did not show 
damage to CGM at KARI-Mtwapa. Highest severity 

Table 2. Reaction of varieties to CBS disease at three sites in coastal Kenya
     Severity scores
Clone    Mpeketoni Msabaha Mtwapa Mean
990005    2.3  2.0  2.3  2.2
990056    1.3  1.7  1.3  1.4
990132    2.3  2.0  2.0  2.1
Ex-Mariakani   2.0  1.7  2.0  1.9
I92/00067   1.7  2.0  2.0  1.9
Kibandameno   3.0  3.0  3.7  3.2
MMH96/5280   1.3  1.0  1.3  1.2
Tajirika    1.0  1.0  1.3  1.1
Mean    1.9  1.8  2.0  1.9
LSDsite (P<0.05)        0.3   
LSDvariety (P<0.05)        0.5   
LSDsite*variety (P<0.05)       0.9   
LSD= Least significant differences

score for CGM damage was recorded for variety 990005 
at KARI-Mpeketoni and 990056 at KARI-Msabaha. 

The effect of site, variety and the interaction between site 
and variety was significant (p< 0.05) for severity of CMB 
and averaged 1.1 (Table 4). The damage was highest 
at KARI-Msabaha with a score of 1.3. All varieties at 
both KARI-Mpeketoni and Mtwapa did not show CMB 
symptoms. However at KARI-Msabaha, variety 990056 
followed by 990005 or Ex-Mariakani showed the highest 
CMB severity score of 2.0 and 1.7, respectively. 

Significant differences in variations among varieties 
(p<0.001) and sites (p<0.05) were observed for CNP 
scores (Table 5). The mean CNP score of the varieties 
across the three sites was 4.1 translating to about 25 to 
40 mg HCN equivalence/kg fresh weight. Cyanogenic 
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potential score was lowest at KARI-Mtwapa (3.6) and 
highest at KARI-Mpeketoni (4.5) and among varieties it 
was lowest in Ex-Mariakani followed by Kibandameno 
and 990005 and highest in 990056 and MMH96/5280. 
Variations among varieties were highly significant 
(p<0.002) for DMC which ranged from 24.7% to 34.2% 
and averaged 29.6% (Table 6). Kibandameno had the 
highest dry matter content (34.2%) followed by Ex-
Mariakani (33.5%) and 990056 (31.4%).

Highly significant differences (p< 0.001) among sites 
were observed for incidence of root necrosis, which was 
highest at KARI-Mtwapa followed by KARI Mpeketoni 
and KARI-Msabaha (Table 7). Both variety and site 
variations influenced severity of root necrosis (Table 8). 
The mean root necrosis severity score averaged 2 and 

was highest at Mtwapa and lowest at Msabaha. Among 
the varieties the highest severity for root necrosis was 
observed in I92/00067 followed by MMH96/5280.
 
Site and variety influenced the number of storage roots 
per plant (Table 9). The roots per plant averaged 6 and 
were highest in variety 990005 and lowest in variety 
990056. Among sites the highest number of roots per 
plant was observed at both KARI-Mpeketoni and KARI- 
Msabaha.

Root yield was highly significantly (p< 0.001) affected 
by site, variety and interaction between variety and site 
(Table 10). Results in Table 5 also indicate that highest 
root yield was recorded   in variety 990005 at KARI-
Mpeketoni.

Table 4. Cassava mealy bug damage among varieties at three sites in coastal Kenya
   Cassava mealy bug severity scores
Clone    Mpeketoni Msabaha Mtwapa Mean
990005    1.0  1.7  1.0  1.2
990056    1.0  2.0  1.0  1.3
990132    1.0  1.0  1.0  1.0
Ex-Mariakani   1.0  1.7  1.0  1.2
I92/00067   1.0  1.0  1.0  1.0
Kibandameno   1.0  1.0  1.0  1.0
MMH96/5280   1.0  1.0  1.0  1.0
Tajirika    1.0  1.0  1.0  1.0
Mean    1.0  1.3  1.0  1.1
LSDsite (p<0.05)        0.2   
LSDvariety (p<0.05)        0.4   
LSDsite*variety (p<0.05)       0.6   
LSD= Least significant differences

Table 3. Cassava green mite damage among varieties at three sites in coastal Kenya
    Cassava green mites severity scores
Clone    Mpeketoni Msabaha Mtwapa Mean
990005    1.7  1.3  1.0  1.3
990056    1.0  3.7  1.0  1.9
990132    1.0  1.0  1.0  1.0
Ex-Mariakani   1.0  1.3  1.0  1.1
I92/00067   1.0  1.0  1.0  1.0
Kibandameno   1.3  1.0  1.0  1.1
MMH96/5280   1.0  2.3  1.0  1.4
Tajirika    1.0  1.0  1.0  1.0
Mean    1.1  1.6  1.0  1.2
Mean          0.3   
LSD site (p<0.05)        0.4   
LSD variety (p<0.05)        0.8   
LSD= Least significant differences
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Table 5. Cyanogenic potential of cassava varieties at three sites in coastal Kenya
    Cyanogenic potential
Clone    Mpeketoni Msabaha Mtwapa Mean
990005     4.3 4.3  3.0  3.9
990056     4.0 5.3  4.0  4.4
990132     4.7 4.3  3.3  4.1
Ex-Mariakani    4.3 3.3  3.3  3.7
I92/00067    5.0 4.3  3.7  4.3
Kibandameno    4.0 4.0  3.3  3.8
MMH96/5280    5.0 4.3  4.0  4.4
Tajirika     4.3 4.3  3.3  4.0
Mean     4.5 4.3  3.6  4.1
LSDsite (p<0.05)        0.3   
LSDvariety (p<0.001)        0.6   
LSDsite*variety (NS)        1.0   
LSD= Least significant differences

Table 6. Dry matter content of cassava varieties at three sites in coastal Kenya
     Dry matter content (%)
Clone    Mpeketoni Msabaha Mtwapa Mean
990005    27.1  31.3  28.3  28.9
990056    35.8  27.7  30.6  31.4
990132    20.8  31.2  32.1  28.0
Ex-Mariakani   34.4  33.6  32.5  33.5
I92/00067   27.9  18.5  27.7  24.7
Kibandameno   32.8  35.4  34.5  34.2
MMH96/5280   25.3  27.9  26.0  26.4
Tajirika    32.1  25.7  31.4  29.7
Mean    29.5  28.9  30.4  29.6
LSDsite (NS)         0.3   
LSDvariety (p< 0.002)        0.6   
LSDsite*variety (NS)        1.0   
NS=Not significant at p< 0.05

Table 7. Incidence and severity of root necrosis of early bulking varieties at three sites in coastal Kenya
   Incidence of root necrosis (%)
Clone    Mpeketoni Msabaha Mtwapa Mean
990005    1.9  0.0  13.7  5.2
990056    0.0  0.0  20.9  7.0
990132    0.9  0.0  2.1  1.0
Ex-Mariakani   0.0  0.0  2.0  0.7
I92/00067   6.4  8.3  8.8  7.8
Kibandameno   2.7  0.0  13.1  5.3
MMH96/5280   0.0  1.2  14.4  5.2
Tajirika    3.3  0.0  18.6  7.3
Mean    1.9  1.2  11.7  4.9
LSDsite p<0.001        4.6   
LSDvariety (NS)        7.5   
LSDsite*variety (NS)        12.9   
NS=Not significant at p< 0.05
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Table 8. Severity of root necrosis of early bulking varieties at three sites in coastal Kenya
     Severity of root necrosis (%)
Clone   Mpeketoni Msabaha Mtwapa Mean
990005   3  1  3  2
990056   1  1  3  2
990132   1  1  2  1
Ex-Mariakani  1  1  2  1
I92/00067  4  4  3  4
Kibandameno  1  1  2  1
MMH96/5280  3  2  3  3
Tajirika   1  1  3  2
Mean   2  1  3  2
LSDsite (NS)        1   
LSDvariety (p<0.01)       1   
LSDsite*variety (NS)       2   
NS=Not significant at p< 0.05

Table 9. Number of roots per plant and total yield of early bulking varieties
     Number of roots per plant
Clone    Mpeketoni Msabaha Mtwapa Mean
990005    9  10  5  8
990056    4  3  3  4
990132    6  5  7  6
Ex-Mariakani   6  5  7  6
I92/00067   5  6  5  5
Kibandameno   6  5  4  5
MMH96/5280   6  6  5  6
Tajirika    9  8  4  7
Mean    6  6  5  6
LSDsite (p<0.01)        1   
LSDvariety(p<0.001)        2   
LSDsite*variety NS        3   
NS=Not significant at p< 0.05

Table 10. Total yield of early maturing varieties at three sites in coastal Kenya
     Root yield (T/Ha)
Clone    Mpeketoni Msabaha Mtwapa Mean
990005    42.5  35.4  29.2  35.7
990056    17.0  15.9  5.8  12.9
990132    22.5  11.8  14.6  16.3
Ex-Mariakani   26.8  24.5  30.0  27.1
I92/00067   23.3  35.5  36.4  31.8
Kibandameno   23.4  19.9  18.4  20.6
MMH96/5280   36.8  34.4  35.7  35.6
Tajirika    26.7  33.2  13.3  24.4
Mean    27.4  26.3  22.9  25.5
LSDsite (p<0.001)        2.2   
LSDvariety (p<0.001)        3.7   
LSDsite*variety (p<0.001)       6.3
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Discussion
The objective of the study was to validate the 
performance of cassava varieties for early maturing, 
root quality characteristics and tolerance to CMD, 
CBSD, CGM and CMB in major cassava growing areas 
in coastal Kenya. Significant differences among sites, 
varieties and the interaction between sites and varieties 
observed for the severity of CMD, CBSD, CGM and 
CMB confirmed results of other studies (Akinwale et 
al., 2011); Maroya et al.,2013 and Munga, 2008). The 
results of our study suggest that genotypic variability, 
environmental differences and the interaction between 
genotype and environment influenced damage by 
CMD, CBSD, CGM and CMB. Both CMD and CBSD 
are transmitted by whiteflies whose population varies 
depending on environmental factors such as temperature, 
rainfall, humidity and light (Hahn et al., 1980). 
Differences in rainfall across sites could have contributed 
to the observed results on severity of CMD, CBSD, CGM 
and CMB. Therefore, it is important to screen varieties in 
specific environments.

Cyanogenic scores varied significantly among varieties 
and sites (Table 5) concurring with the results of Peprah 
et al. (2013) that CNP is influenced by genotypic and 
environmental variability. For example Kibandameno 
which had the second lowest CNP score and is a 
commonly grown in coastal Kenya was reported to 
have higher cyanide content when grown in low to high 
altitude areas in the semi-arid lands Kenya (Githunguri 
et al., 2007). In coastal Kenya, high cyanide content is 
associated with bitterness and is an important criterion 
among farmers for rejecting varieties. Therefore there it 
is important to screen varieties in target environments to 
select those with low CNP. This is important particularly 
in areas where cassava is used after minimum processing 
as is the case in coastal Kenya to avoid cases of cyanide 
poisoning. 

Dry matter content varied among varieties (Table 6). 
These results are similar those by Benesi et al.2004) who 
reported that genotypic differences influenced DMC. 
Therefore, there is need to select varieties with high 
DMC particularly in areas where dry matter content is an 
important trait influencing choice of variety. 
There were variations in incidence of root necrosis 
among sites and severity of root necrosis among varieties. 
Munga (2008) also reported incidence of root necrosis 
was higher at KARI-Mtwapa than KARI-Msabaha. Root 
necrosis is associated with CBSD. The disease is spread 

from plant to plant by whiteflies. It is postulated that 
differences in rainfall received at KARI-Mtwapa than 
KARI-Msabaha, may have favoured more viruliferous 
whitefly populations at the later site which resulted 
in more secondary infection of cassava plants. The 
observations made in this study imply that screening 
for resistance to CBSD must be conducted in target 
environments where the varieties will be grown.

Differences in number of roots per plant was influenced 
by the effect of variety and site (Tables 9) while 
variety, site and the interaction between variety and 
site significantly influenced root yield (Table 10). 
Observations made in this study are similar to past 
findings of Baafa and Safo-Kantanka (2008) and 
Kvitschal et al. (2006) who reported that genotype, 
environment and the genotype x environment influenced 
root yield. These results indicate that genetic and 
environmental variability influenced both the differences 
in number of roots per plant and root yield while the 
interaction of genotype and environment influenced 
only root yield. Therefore varieties need to be evaluated 
in many sites to identify good performers in specific 
environments (Maroya et al., 2012). We also observed 
that varieties with highest number of roots per plant also 
had highest root yield. The number of roots per plant 
is one of the determinants of root yield (Egesi et al., 
2007; Cach et al., 2006). It is therefore not surprising 
that variety 990005 which had the highest number of 
roots planted also recorded the highest yield. Across 
sites variety 990005 followed by MMH96/5280 and Ex-
Mariakani had the highest root yield. 

Conclusion
Genotypic variability, environmental differences and 
the interaction between genotype and environment 
influenced damage to CMD, CBSD, CGM and CMB and 
storage root yield. Farmers use cassava roots without 
or minimum processing and hence prefer varieties that 
combine high yield with pest and disease tolerance and 
root tuber quality. Therefore, ideal cassava varieties for 
the coastal regional are those that are higher in yield 
and DMC with tolerance to diseases and pests and 
similar or low CNP values than Kibandameno. Based 
on the performance on yield, tolerance to root necrosis 
and CMD, dry matter content and cyanogenic potential 
the best varieties are Ex-Mariakani and Tajirika for 
Mpeketoni; 990005, MMH96/5280 and Tajirika for 
Msabaha and Ex-Mariakani for Mtwapa. 

Performance of early bulking cassava varieties in coastal Kenya
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Abstract
Rice is increasingly becoming one of the most important cereals in Kenya. Its demand is higher than production and 
has been increasing at 12% per annum. Currently almost two thirds of rice being consumed in the country is imported. 
This gap is due to limited area under cultivation, biotic and abiotic stresses as well as socio economic constraints. 
Current production of rice in Kenya stands at 126,399 metric tones grown in an area of 30,095 ha. The trend has been 
steadily increasing due to more area being brought under production especially of rain fed rice. Although rain fed 
rice has been grown for years their yields are as low as 0.8 t/ha due to the mentioned stresses. The aim of this study 
was to identify superior, well adapted and acceptable rice varieties for the upland ecologies of Kenya. Nine rain fed 
rice genotypes were evaluated in three different environments using a Randomized Complete Block Design (RCBD) 
replicated four times. The results indicate that despite the erratic rainfall at Kibos, NERICA 8 and NERICA 14 out 
yielded the check varieties indicating tolerance to water stress. In Muhoroni and Lichota where the rainfall pattern 
was favourable, FOFIFA 3729 and FOFIFA 3782 outperformed all the genotypes including the best performing check. 
These results suggest that NERICA 14 can be grown in areas with less rainfall while FOFIFA 3729 and FOFIFA 3782 
can be recommended for the higher potential areas.

Introduction
Rice (Oryza sativa) unlike other cereals like maize and 
wheat which are both food and feed is still the most 
favored grain for consumption (Horie et al., 1997, Ito, 
2002). It is a major source of calories in many parts of 
Africa for both urban and rural populations. About 100 
million people in Sub-Saharan Africa depend on rice for 
their livelihoods (Nwanze et al., 2006). In east Africa, 
rice is becoming an important food and cash crop with a 
per capita consumption range of 11 to 16 kg per person 
per year (USDA, 2010). In 2005, the harvested area 
for lowland rice in east Africa was about 460,000 ha 
producing a total of about 870,000 MT (FAO 2006). In 
Kenya, the crop introduced in 1907, is grown in all rice 
production ecologies. It is the third most important cereal 
in Kenya after maize and wheat (Export Processing Zones 
Authority, 2005, MOA-NRDSP 2009). Eighty percent 
of the crop is currently produced under irrigation and 
only 20% is produced under rain fed conditions. Since 
the current irrigation schemes cannot supply the demand, 
it is important that the rain fed ecosystems be exploited 
to produce rain fed rice. There is still vast land which 
can be used for rain fed rice production. Demand for 
rice is far higher than production and has been steadily 
increasing at 12% per annum, compared to 4% wheat 
and 1% maize (ref). Current national rice production is 
approximately 126,399 t, while consumption is estimated 
at 540,000MT per annum (MoA, 2012). The deficit is 
met through imports. In recognition of rising demand 
for rice, the Government is committed to increasing 
rice production in Kenya. This gap is not only due to 

area under cultivation but also due to biotic, abiotic and 
socio economic constraints. Although some rain fed rice 
has been under production in the country, the yields of 
these varieties are low 0.8 t/ha. Grain yield depends on 
genotype, environment and management practices and 
their interaction with each other (Messina et al., 2009). 
Under the same management conditions, variation in 
grain yield can be explained by the effects of genotype 
and environment (Dingkuhn et al., 2006). Interaction 
between the genotype and the environment helps in 
identifying genotypes that are suitable for specific 
environments. In the upland ecology, drought stress has 
been cited as the largest and most severe constraint to rice 
production in Asia and sub Saharan Africa (Kumar 2010 
and Kamoshita et al., 2008). The upland ecosystem where 
drought posses a big challenge are widespread in the 
rain fed rice growing areas of Kenya. There is therefore 
a strong need of having suitable varieties that can be 
grown in these ecologies. It is expected that growing 
more rice by small scale farmers will, reduce famines 
and starvation and increase household incomes while 
reducing importation. 

Materials and methods
Nine upland breeding lines were evaluated during the 
2012 long rains at KARI Kibos, Lichota and Muhoroni 
district. KARI Kibos is situated at (0o 03’S” and 34o I’ 
48”E) and agro ecological zone (LM3) with an altitude 
of 1173 meters above sea level. The soil type is grey 
to black cotton heavy clay soil classified as Plano sols 
(Kibos annual report 2006). The temperatures ranged 
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between mean minimum of 17.6oC and mean maximum 
of 29.4oC while the rainfall was 773.6 mm during the 
growing period (KARI-Kibos Meteorological Weather 
Station, 2012). Lichota site on the other hand lies in 
LM 2 with red loamy soils .The average temperatures 
during the growing period was 21.5oC while the total 
rainfall received during the same period was 1267 mm. 
Muhoroni site falls in the sugar belt area of western 
Kenya. The design used in all the sites was a Randomised 
complete block design (RCBD)) replicated 4 times. 
Each plot measured 2.5m X 5m. A basal application of 
46 kg P2O5/ha was used at planting. Top dressing was 
done using nitrogen fertilizer at 52 kg/N ha applied in 
two equal splits at 20 and 50 days after seedling. The 
plots were weeded twice in each site. A participatory 
varietal selection/field day was done with farmers at the 
Muhoroni site and was attended by a total of ninety seven 
(97) participants. Data collected included average number 
of tillers at maximum tillering stage and at physiological 
maturity by counting the number of panicle bearing tillers 
per hill using 10 hills per plot. Plant height was measured 
by taking an average on 10 plants per plot and measuring 
the height from bottom to the panicle tip of the plant. 
Days to physiological maturity was also recorded. Other 
data recorded included number of panicles, number of 
grains per panicle, panicle length, 1000 grain weight (g). 
Grain yield was obtained from the inner rows excluding 
the outer rows. The data was subjected to analysis of 
variance using.

Results
At Kibos site there was  no significant differences (what 
level of significance) were  between the genotypes as 
far as plant height, number of tillers per hill, number 
of panicles per hill and number of grains per panicle 

are concerned (Table 1). Significant differences were 
however noticed in panicle length, 1000 grain weight 
and grain yield (F= 0.025). NERICA 14 had the highest 
yields at KARI Kibos while the lowest yields were 
obtained from Dourado precose (Table 1). When the 
results were subjected to cluster analysis, 3 major groups 
were noticed. NERICA 4 and 14 clustered together 
while NERICA 8 and 9 formed another cluster and the 
final cluster consisted of Dourado Precose, NERICA 13, 
FOFIFA 3730, FOFIFA 3729 and FOFIFA 3782.

The number of tillers per hill and number of grains per 
panicle showed no significant differences in Muhoroni. 
Significant differences (F= 0.025) in panicle length, 1000 
grain weight and grain yield recorded (Table 2). FOFIFA 
3730, FOFIFA 3729 and FOFIFA 3782 gave the best 
yields (Table 2.)

At Lichota, only the number of tillers per hill and number 
of panicles per hill were not significantly different 
.Plant height and the number of grains per panicle were 
however significantly different. The highest yields at 
this site were obtained from FOFIFA 3729 and FOFIFA 
3782 (Table 3). Since the GXE interaction was highly 
significant (F=0.003), no particular variety performed 
consistently better across the different environments. The 
varieties should be recommended for specific sites. At 
KARI-Kibos environment, the rainfall was lower than in 
all the other sites. NERICA 14 was the best performing 
variety in this environment followed by NERICA 4 
which was the best check. The cluster analysis grouped 
these two varieties together implying similarities in their 
response to environmental stresses. FOFIFA 3729 and 
FOFIFA 3782 outperformed the best check in Lichota 
while in Muhoroni, the best performers above the best 

Table 1. Performance of different upland rice genotypes at KARI-Kibos during the 2012 long rains
Genotype  Plant height Panicles  Grains per Panicle   1000 Grain    Yield
     per hill      panicle  Length  weight    (t/ha)
NERICA 8  88.84  12  125  18.95b  24c  1.73ab
NERICA 9  88.92  13.42  133  19.93ab  22.75c  1.23ab
NERICA 13  108  11.67  151  22.82a  27.5ab  1.33ab
NERICA 14  85  15.09  115  21.26ab  28.75ab  2.13a
FOFIFA 3730  111  11.59  129  20.72ab  29a  1.18ab
FOFIFA 3729  106.15  9.17  121  19.91ab  28.5ab  1.0ab
FOFIFA 3782  110.59  18.83  116  19.45ab  30.25a  1.15ab
NERICA 4  79.5  15.83  140  22.68a  25.5bc  1.98ab
DOURADO PRECOSE 106  13.58  140  21.71ab  31a  0.63b
F   0.04  0.56  0.35  0.02  0.0001  0.08
CV   15  29.67  18.91  7.36  6.17  44.28
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check were FOFIFA 3730(MAVOLANBA FOFIFA), 
FOFIFA 3729 (MATOTIA FOFIFA) and FOFIFA 3782.

Discussion
These results show that all the genotypes tested did 
not perform consistently across all the environments 
indicating the presence of interaction of the genotypes 
with the environment. The GXE interaction was 
highly significant (F=0.003), so the varieties should 

correlation with grain yield. FOFIFA 3729 and FOFIFA 
3782 outperformed NERICA 4 which was the best check 
in Lichota. In Muhoroni, FOFIFA 3730(MAVOLANBA 
FOFIFA), FOFIFA 3729(MATOTIA FOFIFA) and 
FOFIFA3782 had more yields than NERICA 4. These 
two environments had more rainfall, implying that under 
favorable environments, these varieties have the potential 
of giving higher yields. FOFIFA 3729 and FOFIFA 
3782 can therefore be recommended for favorable 

Table 2. Performance of different upland rice genotypes at Muhoroni during the 2012 long rains
Genotype   Panicles    Grains            Panicle    1000 grain     Yield   
     per hill     per panicle        length           weight     (kg/plot)
NERICA 8   15.84  85.53  15.07 d  28.5 ab  0.87 ab
NERICA 9   16.75  102.39  16.90 abcd 25.25 b  0.60 ab
NERICA 13   12.83  114.61  18.96 abc 29.5 ab  0.75 ab
NERICA 14   16.75  96.92  17.35 abcd 29.75 ab 0.78 ab
FOFIFA 3730   15.92  88.75  16.57 bcd 29.75 ab 1.38 a
FOFIFA 3729   13.34  100.5  16.89 abcd 32.00 a  1.18 a
FOFIFA 3782   12  92.17  15.62 cd 31.50 a  1.30 a
NERICA 4   16.92  115.61  18.91 ab 27.25 ab 0.95 ab
DOURADO PRECOSE  18.08  94.92  19.61 a  30.50 a  0.20 b
LSD (0.05)
CV    30.05  15.09  7.57  7.78  38.74

Table 3. Performance of different upland rice genotypes at Lichota during the 2012 long rains
Treatments  No. of  Plant   Panicles   Grains           Panicle       1000 grain     Yield  
   tillers (hill) height  per hill    per panicle       length        weight    (kg/plot)
NERICA 8  13  77.08 ab 13.85  11.67 ab 17.96 ab      30.75 a 1.25 a
NERICA 9  10.42  78.84 ab 4.67 110.73 ab 17.16 ab       30.0 a 1.33 a
NERICA 13  11.5  102 a  11.33 130.47 a 22.03 a         33 a 1.45 a
NERICA 14  8.58  81.83 ab 9.58 115.47 ab 20.08 ab       33 a 1.25 a
FOFIFA 3730  8  102.75 a 7.85 103.61 ab 18.32 ab       36.5 a 1.45 a
FOFIFA 3729  9.92  106.08 a 9.35 116.75 ab 19.35 ab       36.35 a 2.05 a
FOFIFA 3782  9.83  97.84 a  9.84 103.92 ab 18.12 ab      37.0 a 2.0 a
8. NERICA 4  11.33  94.42 a  10.84 149.08 a 20.01 ab      31.75 a 1.9 a
DOURADO PRECOCE 9.92  48.08 b  11.25 55.17b  10.66 b        9.25 b 0.03 b
CV   0.03  27.17  51.2 25.14  23.15        21.31 28.99

be recommended for specific sites. At KARI-Kibos 
environment, the rainfall during the growing period was 
lower than in all the other sites. NERICA 14 was the best 
performing in this environment followed by NERICA 
4 which was the best check. This performance could 
be related to early maturity which enabled the variety 
to escape drought and hence it could be recommended 
for upland areas with less rainfall. The two varieties 
had more reproductive tillers which contributed to the 
yields. This is consistent with the observation by Agbo 
et al. (2005) that fertile spikelets have a high positive 

environments.
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Abstract
Stem rust disease of wheat caused by Puccinia graminis fsp. tritici is of major concern because it causes yield loss of 
up to 100%. East Africa has been designated as a “hot spot” of the stem rust pathogen as evidenced by the discovery 
of a new more virulent race of stem rust characterized as TTKSK or better known as Ug99 and several of its variants 
in East Africa. In this study twenty Kenyan commercial bread varieties were planted and screened for stem rust 
resistance at adult stage under artificial disease epidemic simulation in the International Stem Rust Screening Field 
at KARI-Njoro. The disease notes were taken using the Modified Cobb’s Scale and the Area under Disease Progress 
Curve (AUDPC) values computed using the CIMMYT AUDPC Programme. Some varieties were susceptible; others 
resistant and others intermediate. For the susceptible varieties the scores ranged from 15 Moderately Susceptible 
(15MS) to 60 Susceptible (60S), with the most susceptible being Pasa with a score of 60S. The resistant ones had 
a score range of between 15 Resistant Moderately Resistant (15RMR) to 30 Moderately Resistant (30MR), with 
Kenya Swara being the most resistant with a score of 15RMR. Kenya Chiriku and Kenya Tembo showed intermediate 
infection types of Moderately Resistant and Moderately Susceptible (MRMS), which is designated as an M infection 
type. Kenya Chiriku scored 10M while Kenya Tembo had 20M. The mean AUDPC computed showed that there 
was variation in the AUDPC values among the varieties with Kenya Swara having the lowest AUDPC of 78.33 and 
while Pasa had the highest of 478.67. Analysis of Variance (ANOVA) showed that both AUDPC and disease scores 
had significant (P<0.0001) variation among the varieties. Results show that there are Ug99 resistant Kenyan bread 
wheat varieties which hold a promise for food security. A recommendation would be for farmers to grow the stem rust 
resistant varieties which can also be used in breeding programs to improve the susceptible ones. 

Introduction
Kenya is a net importer of wheat, with an annual 
consumption of about 900,000 t against an average 
annual production of 350,000 t, implying it usually 
imports close to two-thirds of its requirements (USDA, 
2013). This is a worrying trend for a country where 
agriculture contributes two thirds of the GDP. The 
limitations on production are usually due to abiotic and 
biotic constraints but of recent the latter, specifically 
rust diseases have contributed to heavy crop losses. Of 
these, stem rust has been the most destructive especially 
the highly virulent Ug99 race and its variants. Majority 
of Kenyan germplasm are known to be susceptible or 
partially susceptible to Ug99 (Njau et al., 2009).
The race Ug99, first identified in Uganda in 1999 
(Pretorius et al., 2000), is the only known race of P. 
graminis tritici that has virulence for gene Sr31 known 
to be located in the translocation 1BL.1RS from rye 
(Secale cereale). This race was later designated as 
TTKS (Wanyera et al., 2006) using the North American 

nomenclature system (Roelfs et al., 1988). A number 
of stem rust resistance genes have been identified in 
wheat. Some of them were discovered in bread wheat 
(e.g. Sr5 and Sr6), while others have including Sr21, 
Sr31, and Sr44 were bred from other wheat species. 
None of the Sr genes provide resistance to all races of 
stem rust (Singh et al., 2011). For instance many of 
them are ineffective against the Ug99 lineage. Notably 
Ug99 has virulence against Sr31, which was effective 
against all previous stem rust races. Singh et al., (2011) 
provide a list of known Sr genes and their effectiveness 
against Ug99). Unfortunately, race Ug99 not only carries 
virulence for gene Sr31 but also this unique virulence is 
present together with virulence for most of the genes of 
wheat origin. Currently there are eight variants (TTKSK, 
TTKST, TTTSK, TTKSF, TTKSF+, TTKSP, PTKSK, and 
PTKST) (Jin et al., 2008, Pretorius et al., 2012) and this 
shows that the pathogen is evolving at an alarming rate. 
Stem rust resistance follows the gene for gene hypothesis 
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proposed by Flor, (1947) where there is interaction of the 
avirulence gene product from the host and the virulence 
gene product from the pathogen. A disease response is 
only observed if both gene products are from dominant 
genes, otherwise there’s no disease reaction. Diverse 
sources of adequate resistance, both race-specific and 
adult-plant type, are now available in high-yielding 
wheat backgrounds and are being used in breeding. Ug99 
threat in most countries can be reduced to low levels by 
urgently identifying, releasing and providing seed of new 
high yielding, resistant varieties.(Singh et al., 2008).
Towards breeding for resistance to the predominant local 
stem rust races, the objective of this study was firstly to 
profile the resistance in commercially popular varieties 
and secondly to discover genes from these materials 
based on field assays. 

Materials and methods
Twenty selected Kenyan bread wheat varieties namely 
Ngamia, Mbega, Chozi, Kwale, Pasa, Yombi, Duma, 
Kulungu, Mbuni Njoro BWII, Kenya Kongoni, Kenya 
Chiriku, Kenya Tembo, Eagle10, Kenya Fahari, Robin, 
Kenya Ibis, Kenya Nyangumi, Kenya Swara and Kenya 
Kingbird were used in this study. Three international 
varieties Danphe, PBW343 and Cacuke were used as 
checks
.
Stem rust screening
Twenty Kenyan wheat varieties and three international 
check varieties (controls) were planted in the 
International Stem Rust Screening Field at KARI-Njoro 
using Randomized Complete Block Design (RCBD) 
in three replicates. Land was prepared conventionally 
by harrowing and making furrows. Di-Ammonium 
Phosphate (DAP) was applied at planting at the 
recommended rate of 150kg/ha, principally as the source 
of both Nitrogen and Phosphorus (18:46:0). Fifteen 
grams of seeds for each of the varieties were planted in 2 
rows, 0.75m long with alley spacing of 0.2m between the 
rows, a spacing of 0.5m was provided between adjacent 
replicates. A mixture of stem rust susceptible varieties 
was planted as disease spreaders in between the replicates 
as a single row perpendicular to the entries. To ensure 
sufficient disease, three spreader rows were also planted 
to surround the experiment. Broad leaved weeds and 
cereal aphids particularly the ‘Russian Wheat Aphid’ 
were controlled by applying the post emergence herbicide 
Buctril MC (bromoxynil+ MCPA) at the rate of 1.25l/ha 
and insecticide, Bulldock star 262.5 EC (beta-cyfluthrin 
and chlorpyrifos) at the rate of 0.6l/ ha respectively . To 

initiate stem rust epidemic bulk spores were collected 
from rust increase plots and suspensions prepared both 
in Soltrol oil and Tween 20. The spreader rows were then 
inoculated with the spores by simultaneously spraying 
them with the Soltrol suspension using a hand sprayer 
and injecting them with the Tween 20 suspension using 
a syringe. The first stem rust disease scores were taken 
when the susceptible check (Cacuke) showed a disease 
severity of 50% based on the Modified Cobb’s scale 
(Peterson et al, 1948). Two more scores were then taken 
at intervals of seven days in between.

Data analysis
The data collected was entered in excel worksheets. The 
AUDPC was generated using a programmed CIMMYT 
AUDPC excel worksheet. The data obtained, both 
AUDPC and disease scores, was analysed by computing 
ANOVA and Least Significant Difference (LSD) using 
Statistical Analysis System (SAS) version 9.1 statistic 
package (SAS Inc, USA).

Results and discussion
Disease scores
Eleven varieties (Ngamia, Mbega, Chozi, Kwale, 
Pasa, Yombi, Duma, Kulungu, Mbuni Njoro BWII and 
K.Kongoni) showed susceptibility of varying degree 
ranging from Moderately Susceptible (MS), Moderately 
Susceptible-Susceptible (MSS) to Susceptible(S) with 
the most susceptible being Pasa which had a score of 
60S (Table 1). These are some of the old varieties that 
were bred up to the late 90s and were part of the first 
varieties that were seen to be susceptible to the new 
Ug99 stem rust race (Njau et al., 2009). This might have 
been due to the fact that most have stem rust resistance 
genes ineffective against Ug99 e.g. Sr31 gene which was 
present in most of the world’s wheat germplasm at that 
time before it was broken down by the new Ug99 stem 
rust race in the late 90s. However the varieties Mbega, 
Pasa and Duma were less susceptible than the susceptible 
check variety Cacuke which had a final score of 100S. 
The moderately susceptible to susceptible (MS and MSS) 
varieties Ngamia, Chozi, Kwale, Yombi, Kulungu, Mbuni 
Njoro BWII and K.Kongoni showed lower disease scores 
than the moderately susceptible check PBW343 (Table 1).

Two varieties (K.Chiriku and K.Tembo) showed 
intermediate infection type (M) with a score of 10M and 
20M respectively. This indicates a possibility that these 
varieties carry several stem rust resistance genes some 
effective while others ineffective against Ug99. There is 
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Table 1. Kenyan bread wheat commercial varieties 
reactions to stem rust race Ug99 in the field
Variety  Disease severity (%) Infection 
Ngamia  50   MSS
Mbega  40   S
Chozi   50   MSS
Kwale  30   MSS
Pasa  60   S
Yombi  40    MSS
Duma  50   S
Kulungu 15   MS
Mbuni  25    MSS
Njoro BWII 30    MSS
K.Kongoni 20    MSS
*Cacuke 100   S
**PBW343 60   MSS
 K.Chiriku 10   M
 K.Tembo 20   M
 Eagle10 30   MR
 K.Fahari 15   MR
 Robin  30   MR
 K.Ibis  10   MR
 Nyangumi 10   RMR
 K.Swara 5   RMR
 K.Kingbird 15   RMR
 ***Danphe 15   MR
L.S.D0.05 8.3223; *Ug99 stem rust susceptible check; 
**Ug99 stem rust moderately susceptible check; 
***Ug99 stem rust resistant check

also a possibility that they may have effective stem rust 
resistance genes but the expression level of the genes is 
still low to provide sufficient resistance (Table 1).

Seven varieties Eagle10, K.Fahari, Robin, K.Ibis, 
K.Nyangumi, K.Swara and K.Kingbird showed varying 
levels of resistance with the most resistant being K.Swara 
with a score of 5RMR. Most of these are recent varieties 
and are known to carry major Race-specific Resistance 
(RSR) and minor Adult Plant Resistance (APR) genes or 
a combination of both. An example is Robin and Eagle10 
which have been postulated to carry the major gene Sr25 
while K.Kingbird has been postulated to carry the APR 
gene Sr2 all of which provide varying resistance to Ug99 

with Sr25 being a major gene while Sr2 a minor gene. 
However, among those varieties which showed resistance 
were some old varieties K.Fahari, K.Nyangumi and K. 
Swara (Table 1). This resistance can be attributed to the 
presence of Sr2 gene in these varieties as they all showed 
expression of Pseudo-Black Chaff (PBC) which is a 
phenotypic marker for the Sr2 gene, characterized by 
black pigmentation on the stem internodes and glumes of 
wheat. Sr2 is the only well characterized or known APR 
gene and it provides a broad-spectrum resistance to all the 
known variants of the Ug99 race. 

The varieties K.Fahari, K.Ibis, and K.Kingbird performed 
as well as the resistant check variety Danphe. Robin and 
Eagle10 showed less resistance than the check while 
K.Nyangumi and K.Swara showed better resistance 
than the check (Table 1). It is worth noting that from the 
above table, the disease severity in some cases did not 
necessarily reflect on the infection type. A good example 
is Kulungu which had a severity of 15 and an infection 
type of MS compared to Robin and Eagle10 which 
had severities of 30 and an infection type of MR. The 
severity in Kulungu might be an indicator of some level 
of resistance in spite of the susceptible infection type, 
whereas the high severities in Robin and Eagle10 might 
be an indicator of a near future breakdown of the gene(s) 
responsible for resistance in these varieties.

Analysis of Variance (ANOVA) computation showed that 
there was significant variation in disease scores among 
the varieties (P<0.0001) but no significant variation from 
one replicate to another (P>0.1) as shown in Table 2.

Area under disease progression curve
The AUDPC computed showed that there was variation 
in the mean AUDPC values among the varieties, with the 
variety K.Swara having the lowest mean AUDPC value 
of 78.33 and Pasa the highest value at 478.67 (Table 3).

However, the values for Duma and Pasa, which were 
susceptible, were lower than that of the susceptible check 
Cacuke which was 1085. AUDPC values of K.Chiriku, 
K.Tembo, K.Fahari, K.Ibis, K.Nyangumi, K.Swara 
and K.Kingbird were lower than that of the resistant 

Table 2. ANOVA table for disease scores of the twenty Kenyan bread wheat varieties
Source  df Sum of squares  Mean square F Value  Pr>F
Rep  2 3.33333   1.66667  0.07  0.9365
Variety  19 10576.66667  556.66667 21.96  <.0001

Screening of Kenyan commercial wheat varieties for resistance to emerging strains of stem rust race Ug99
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check Danphe which was 175 (Table 3). One interesting 
observation is that most of the AUDPC values seemed 
not to depend on whether a variety was susceptible 
or resistant, for example the moderately susceptible 
variety Kulungu had its highest value as 175, same as 
the resistant check Danphe. AUDPC values can be used 
to measure the phenomenon of slow rusting which is 
majorly attributed to the slow rusting or APR gene Sr2, 
which seems not to follow the gene for gene hypothesis. 
From the results above all the varieties which showed 
expression of PBC (full name, which is linked with the 
Sr2 gene, had mean AUDPC values below 150. These 
varieties were K.Nyangumi, K.Kingbird, K.Swara 
and K.Fahari. The variety Kwale which showed low 
expression of PBC was an exception since it had a mean 
AUDPC value of 262.7, which was a bit higher than 

the other varieties which had higher PBC expression 
levels. This observation serves to confirm that the PBC 
expression has a true linkage to the Sr2 gene and that 
the gene confers slow rusting effect as a form of broad 
spectrum resistance to stem rust disease.

The above graph is an illustration of the disease progress 
of the most resistant and the most resistant Kenyan bread 
wheat varieties, K.Swara and Pasa respectively. The two 
are compared with the stem rust susceptible wheat check 
variety Cacuke and the stem rust resistant check variety 
Danphe. From the graph it is clear that Pasa is susceptible 
judging by the exponential increase in the mean disease 
severities from the first score up to the third score. This 
shows that the variety offers very low resistance to the 
stem rust fungi probably due to compatible interaction 
between dominant avirulence gene and virulence gene 
products as hypothesized in the gene for gene hypothesis. 

However Pasa a less exponential increase in the mean 
disease severity than the susceptible check variety 
Cacuke indicating that it had some levels of resistance 
compared to Cacuke which reached 100% disease 
severity, indicating an almost zero resistance level. From 
the graph the variety K.Swara showed slow progress in 
mean disease severity from the first score up to the third 
score. This evidence of slow rusting effect due to Sr2 
gene as discussed earlier. K.Swara shows better resistance 
than the resistant check Danphe.

Analysis of Variance (ANOVA) computation showed that 
there was significant (P<0.0001) difference in AUDPC 
values among the varieties but no significant difference 
from one replicate to another (Table 4).

Conclusion
From this study the Kenyan commercial wheat varieties 
can be categorized as those having resistance to stem 
rust race Ug99 and those that are susceptible to this race, 
with a majority of the old varieties being susceptible 
except K.Swara, K.Ibis, K.Fahari and K.Nyangumi. 
All the recent varieties Robin, Eagle10 and K.Kingbird 
have varying levels of resistance to Ug99 indicating 
that we have resistant varieties that can withstand the 

Table 3. AUDPC Values of twenty Kenyan bread wheat 
commercial varieties in the field
Variety  Mean AUDPC  Values
Chiriku  113.67
Ngamia  385.33
Mbega  344.33 
Chozi   455.00 
Tembo  158.00 
Kwale  262.67 
Eagle10 326.67 
Pasa  478.67 
Yombi  391.00 
Fahari  143.67 
Robin  344.33 
Duma  461.00 
Kulungu 135.67 
K.Ibis  111.33 
Mbuni  227.67 
Nyangumi  95.00 
Swara   78.33 
Njoro BWII 192.67 
Kongoni 153.00 
Kingbird 112.33 
Cacuke  1085
PBW343 595
Danphe  175
L.S.D0.05  87.946

Table 4: ANOVA table for AUDPC values of the twenty Kenyan bread wheat varieties
Source  df  Sum of Squares Mean Square F Value  Pr>F
Rep  2 616.033 3  08.017  0.11  0.8972
Variety  19 1071365.650  56387.666 19.92  <.0001
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threat posed by the pathogen. There is also evidence, 
from the AUDPC values, that the gene Sr2 represented 
by expression of PBC on some wheat varieties confers 
a slow rusting effect. This might be the mechanism of 
broad spectrum resistance to stem rust, including that 
caused by the Ug99 race. There is a clear indicator that 
the stem rust pathogen is in a constant mutation state in 
order to be able to infect new wheat genotypes that are 
an output of the continuous breeding programs (Jin et al., 
2008, Pretorius et al., 2012). 

A recommendation would be for farmers to grow the stem 
rust resistant wheat varieties, which can also be used in 
breeding programs to improve the susceptible ones. In 
conclusion there are Ug99 resistant Kenyan bread wheat 
varieties which hold a promise for food security in the 
country and the east African region. Despite this, we must 
keep in mind that the stem rust pathogen is also evolving 
as evidenced by occurrence of different genotypes of the 
stem rust race TTKSK, so we must keep on breeding for 
durable stem rust resistance in wheat.
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Abstract
Wheat is the second most popular cereal in Kenya and is produced mainly under rain fed conditions. This zone (which 
zone) contributes 60 % of the total wheat production in Kenya. Wheat production is expected to increase by 120 % 
by the 2014 which means that more land in the marginal rainfall areas needs to be put into production. Expansion of 
production into these dry areas and in some high potential areas is hampered by intermittent droughts among other 
factors as a result of climate change. The effects of these droughts on yield of wheat can be alleviated or minimized 
through agricultural practices such as moisture conservation through tillage practices. A trial consisting of zero 
tillage, conventional tillage (1 disc plough + 2 harrows), Chiselling+2harrows, chiseling +1harrow and 2 harrows 
was established at KARI-Njoro in 2011 and 2012 in Randomized Complete Block Design replicated 3 times. The 
objective of this trial was to determine the effect of methods of tillage on soil fertility and moisture conservation 
on wheat yields. The results for year 2011 and 2012, indicated zero tillage plots had significantly (p< 0.05) lower 
seedling counts, number of tillers biomass and grain yield compared to the other treatments. The two years’ results 
also indicated that conventionally tilled plots produced significantly (p< 0.05) higher quantities of the wheat yield 
components in year 2011 than zero tilled plots. Similar results, with exception of grain yield, were obtained in year 
2012. It is recommended that the treatment(s) with the least number of tillage operations, a part from Zero till and 
hence, the least cost can be recommended to the farmers. 

Introduction
Wheat in Kenya is produced by both large and small 
scale farmers with large scale farmers cultivating 64% of 
the area under wheat (Mwarey, 2001). This zone (which 
zone??) contributes 60 % of the total wheat production 
in Kenya. In Kenya about 150,000 ha are under wheat 
production annually (FAO, 2009) with an average yield 
of 2.5 MT/ha and an annual production of 350,000 MT 
annually, which is only  40% of domestic requirement 
(FAO, 2009). The area under production has been 
declining over the years due to high production costs as 
a result of high cost of inputs (fertilizers and pesticides), 
lack of credit, low level of technology adoption (Nyagito 
et al., 2002), and  climate change (KARI, 2009). 

The effects of drought stress is  likely to be alleviated by 
practicing conservation tillage which aims at minimum 
mechanical soil disturbance; recommends the use of 
mulch to reduce soil erosion and conserve soil moisture; 
and enhance soil organic matter. Other benefits of 
conservational tillage include reduced compaction, 
and conservation of fuel energy costs (Mwangi, et al., 
2008). The soil texture in most wheat growing areas is 
fine clay loam which is easy to compact. Conventional 
tillage where primary, secondary and tertially implements 
are employed easily pulverizes the soil rendering it 
vulnerable to both water and wind erosion. As opposed 
to conventional tillage, conservation tillage includes 
zero tillage where only herbicides are used for land 

preparation and therefore reduce the number of tractor 
operations (Sayre 1998).
The objective of this trial was to contribute to increased 
soil moisture conservation, which could lead to increased 
wheat yields and reduced operational costs through the 
use of cost effective tillage strategies. 

Materials and methods
Site characteristics
The study was conducted Kari Njoro (latitude 0o 18’ to 0o 
23’ S and longitudes 35o 53’ to 35o 58’E at an elevation 
of 2165 m a.s.l) in Nakuru county Kenya. This site lies 
in the agro-ecological zone LH3 (Jaetzold and Schmidt 
2010).The dominant soil type is mollic Andosols which 
is derived from volcanic rocks and consist of pyroclastic 
rocks of recent volcanoes. The site has a unimodal 
rainfall pattern lasting for five months average annual 
rainfall and temperatures.

Treatment structure
The trial consisted of five treatments applied during year 
2011 and 2012 was established on land previously under 
grass ley (not very clear). The trial site was mowed in 
order to remove excessive grass so as to ease treatment 
application. After the re-growth of the grass, the 
following treatments were applied;

• Zero tillage (spraying glyphosate @ 3 liters per hectare)
• Conventional tillage (ploughing once with a disc plough 
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followed by two harrowing operations)
•  Chisel ploughing + one harrowing
•  Chisel ploughing + two harrowings
•  Two harrowings. 

The trial was laid down in randomized complete block 
design with three replicates on plots sizes of 19 m x 4 m. 
Wheat Variety (Njoro BW 2) was planted with a small 
plot drill. Crop management activities were performed 
as recommended (Kinyua and Ochieng 2005). Data on 
seedling counts, tiller numbers, plant height, biomass, 
grain yield on a meter square, as well as, one thousand 
kernel weight were measured. The data were subjected to 
analysis of variance using SAS and the means separated 
by LSD. 

Results
The soil at the site (Table 1) has adequate levels of most 
of plant nutrients with exception of Phosphorus which is 
classified as low. The soil is classified as silt-clay- loam 

and is slightly acidic in reaction. 

The soil profile was constantly wet as a result of the 
heavy and well distributed rainfall throughout the 
growing season. Table 2 shows that zero tillage plots 
had the lowest performance with the exception of a 
thousand kernel weight. Conventional tillage method 
had significantly (P<0.05) higher seedling counts 
compared to the rest of the treatments. Seedling counts 
from chisel plough + one harrowing, chisel plough + 
two harrowing and two harrows treatments did not differ 
significantly (p> 0.05) from one another. They were 
however significantly different from those recorded 
from zero tillage and convention tillage plots. Tiller 
numbers, from zero tillage plots were significantly 
(p<0.05) lower compared to those from other treatments. 
However the highest number of tillers was recorded from 
conventionally tilled plots (Table 2)

Mean plant height showed significant differences 
among treatments (Table 2). Zero tillage plots produced 
significantly lower mean plant height of 70.2cm 
compared to 80.5cm and 78.1 cm from conventional and 
plots receiving chisel plow + one harrowing operation 
respectively (Table 2).

Plant biomass followed a similar trend to that of seedling 
counts. The lowest biomass was obtained from zero 
tillage plots which was significantly different (p< 0.05) 
from the others. However, biomass from other treatments 
did not differ significantly among treatments.

Grain yield like, like plant biomass shown in zero tillage 
plots was significantly (p<0.05) lower at 1202 kg/ha 
compared to yields of 2650, 2550, 2425 and 2083 kg/
ha from the other treatments. A similar trend was also 
observed for a thousand kernel weight (TKW) where zero 

Table 1: Characteristics of the top soil at the site 
Nutrients  Value   Class
pH   6.08  Slightly acidic
N%   0.29  Adequate
Org. C %  2.78  Adequate
P mg/kg  17  Low
K+ me/100g  2.32  High 
Na+   1.90  -
Ca+ + me /100g  9.8  Adequate
Mg+ + me/100g  3.90  High
Mn+ + me/100g  0.89  Adequate
Cu+ + mg/kg  1.1  Adequate
Fe+ + mg/kg  221  Adequate
Zn+ + mg/kg  36.7  Adequate
Sand %   40 
Silt %   32  Silt-clay-loam
Clay %   18 

Table 2: Tillage effects on wheat yield and yield components during 2011
Treatment  Mean seedling  Tiller No. Plant ht (cm) Biomass  Grain          KTW
   counts /m2      yield(kg/ha) yield (kg/ha) 
Zero Till  58.3 c  196 c  70.2 b  4013 b  1202 b  34.3a
Conventional Tillage 123.3 a  349 a  80.5 a  9750 a  2650 a  39.1a
Chisel+1harrows 103.3 b  240 b  78.1 a  9542 a  2550 a  39.0a
Chisel+2 Harrows 88.0 b  248 b   76.4 ab  9375 a  2425 a  39.0a
2 harrows  92 b  237 b  75.4 ab   8000 a  2083 a  37.8a
LSD    17.4  124  7.8  1795  569  2.17
CV %   10.0  7.8  5.4  11.7  13.9  3.0
Means followed by the same letter in the same column are not significantly different (P< 0.05); Conventional tillage = 
One Disk plough + two disk harrowing operations

MAINA, MWANGI, NDEMBEI  AND KIRUI
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till plots produced significantly (p< 0.05) lower yields 
compared to other treatments. 

The results from year 2012 (Table 3), show that zero 
tillage plots produced significantly (p<0.05) lower 
number of seedling compared to other treatments with 
the exception of the treatment which received two 
harrowing operations. This trend was also observed for 
the tiller numbers where the zero till plots also produced 
the lowest, though not significantly different those from 
the plots which received one chiseled plus one harrow 
as well as those that received two harrowing operations. 
The highest number of tillers were obtained from the 
conventionally tilled plots which was significantly 
(p<0.05) higher than those from all other treatments. 
Conventionally tilled plots produced the tallest plants 
though not significantly (p<0.05) different from plots 
which received one chisel operation in addition to two 
harrowing operations. Significant differences in biomass 
yield were recorded between different treatments. 

Discussion
Different methods of tillage would be expected to 
produce different results in terms of crop yield and yield 
components by influencing soil structure and moisture 
removal patterns over the growing season (Lindwall, 
1984). The poor performance of zero tillage in years 
2011and 2012 for the measured yield components, with 
the exception of TKW in year 2012, is in agreement 
with that reported by Kamwaga (1990), who found 
that conventional tillage was superior to both zero and 
reduced tillage. Hemmat and Asadi (1998) in their studies 
also reported that zero tillage had the least performance 
in comparison with other tillage systems. However, 
Modestus (1992) reported a grain yield advantage from 
zero tillage treatment. Lack of significant differences in 
grain yield among treatments in 2012 were in contrast 
with the findings of 2011. Similar findings were also 
reported by Kramer and Albert (1998) who after a 
six year study concluded that tillage systems had no 
significant effect on plant population or grain yield. Zero 

Table 3: Tillage effects on some wheat yield parameters in 2012
Treatment  Mean seedling  Tiller No. Plant ht (cm) Biomass  Grain          KTW(g)
   counts /m2      yield(kg/ha) yield (kg/ha) 
Zero till   60.4 c  190 c  72.0 a  5824 c  2590 a b 37 a
Conventional tillage 120.8 a b 342 a  86.2b  8174 a  2771 a  37 a
Chisel +one harrow 108.5 a  204 c  76.3 c  6597 b  2720 a  36 a
Two harrows  89.3 b c  186 c  79.2 bc  5256 d  2307 a  36 a
Chisel +two harrows 102.3 a  243 b  80.6 bc  6910 b   2532 a b 36 a
CV%   12.5   16  10.3  15.5  14.8  4.6
LSD   32.5  56  9.4  546  330  1.2
Means followed by the same letter in the same column are not significantly different (P< 0.05);  Conventional tillage = 
One Disk plough + two disk harrowing operations

Conventional tillage produced significantly (p< 0.05) 
higher biomass compared to the other treatments. The 
lowest biomass was however from plots which received 
two harrowing operations. Like the biomass yield, grain 
yield from plots which were harrowed twice before 
planting was the lowest but was only significantly (p 
<0. .05) different from convectional tillage (one plough 
followed by two harrowing). The grain yield from the 
rest of the treatments were not significantly (p> 0.05) 
different from each other (Table3). Significantly (p<0 .05) 
different spike lengths were recorded from conventionally 
tilled plots while the lowest were from zero tillage plots. 
There were no significant differences in thousand kernel 
weight among treatments (Table 3). 

tillage compared favorably with other treatments in terms 
of grain yield in year 2012. This was perhaps due to an 
improvement in grass weed control as result of a repeat 
herbicide application in the second year of the trial. In 
the conventionally tilled plots, the direct effect of tillage 
e.g, suitable land tilth for proper seed placement, may 
have played a major role in determining the performance 
of the measured yield components and the grain yield 
in particular. The small plot planter used for seeding the 
trial was not able to properly place the seed particularly 
in the zero tillage plots. Zero tillage as a method of land 
preparation is reported to conserve moisture (Sayre, 
1998). However the observed results may not be due to 
the effect of moisture since the two years of study were 
exceptionally wet throughout the growing season 

The effects of tillage methods on moisture conservation in relation to wheat yield
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Conclusion
The two year data show that all the tillage methods tested, 
apart from the zero till produced the same yields. Lack 
of a suitable zero till drill led to poor seed placement and 
perhaps the resultant low yields. In terms of grain yield 
it is tentatively recommended that one should use the 
treatment, a part from zero tillage, with the least number 
of tillage operations and thus maximize profit through 
cost reduction. The trial is continuing for the final year 
after which a complete recommendation will be made. 
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Abstract
Cassava (Manihot esculenta Crantz.) is an important food crop for small-scale farmers in Busia County. Efforts to 
commercialize the crop have been constrained by several post harvest factors including a narrow range and poor 
quality of processed and marketable products, limited improved processing equipments, the fear of cassava product 
safety due to presence of cyanide and weak linkages among the actors in the value chain. In order to elevate cassava 
from a subsistence to an important commercial crop, a research project was initiated under EAAPP in Teso south 
and Teso north sub-counties of Busia county to generate and disseminate technologies for high quality food, feed 
and industrial products. A baseline study was conducted to establish the current status with regard to production, 
post-harvest handling, processing, marketing and consumption of cassava products and to identify the challenges 
and opportunities for adding value to the crop. The survey established the varieties grown by farmers and the 
characteristics for choice of variety which included high yields, good cooking quality, early maturity and sweet taste. 
Only 7.7% grow improved varieties due to lack of planting material. The main processing methods employed include 
fermentation and sun drying to reduce cyanide content and improve flavor. The major types of moulds isolated on 
fermented cassava dry chips were Aspergillus parasiticus, Aspergillus flavus, Diplodia and pennicilium species. 
The levels of aflatoxin in dry cassava chips sampled from the markets ranged from 0 to 1.5 ppb. For effective and 
sustainable commercialization there is need to characterize the varieties for processing quality and promote specific 
varieties for specific products hence markets. 

Introduction
Cassava (Manihot esculenta Crantz.) is an important 
food crop for small-scale farmers in western, coastal, and 
central regions of Kenya where it supports the livelihoods 
of over 2.5 million people. Western Kenya produces and 
consumes 60% of the country’s total cassava production. 
It is ranked as the most important food security crop 
followed by maize with over 90 % of households in 
the sub counties growing it. The bulk of the cassava 
in western Kenya is grown in Busia County mainly in 
Teso south and Teso North sub-counties. The potential 
for cassava to contribute to increased incomes and 
employment opportunities has however not been fully 
exploited.

Efforts to commercialize cassava have been constrained 
by low productivity and poor returns to farmers, high 
rate of post-harvest deterioration, bulkiness of the 
roots, narrow range and poor quality of processed and 
marketable products, limited improved processing 
equipments, the fear of cassava product safety due 
to presence of cyanide and weak linkages among the 
actors in the value chain. (Obiero and Ndolo, 1998). 
Prospects for increased production and commercialization 
and utilization of cassava therefore lie in successfully 
addressing these constraints. This can be done through 

development and promotion of value added products.
In order to elevate cassava from subsistence to an 
important commercial crop, a research project was 
initiated under EAAPP early 2013 in Teso south Teso 
north sub-counties of Busia County to generate and 
disseminate technologies for high quality food, feed 
and industrial products. At the beginning of the project, 
a baseline study was conducted to establish the current 
status with regard to production, post-harvest handling, 
processing, marketing and consumption of cassava 
products and to identify the challenges and opportunities 
for adding value to the crop. The data collected would be 
used to set indicators for future monitoring and evaluation 
of the project. The specific objectives of the baseline 
survey were to; document information on existing 
varieties and production patterns of cassava in the 
region, establish the current technologies for postharvest 
handling of the roots and identify products in the market, 
their quality, safety and opportunities for improvement.

Methodology
A household and market survey was done in all the 
divisions in Teso south and Teso north sub-counties and 
involved interviews with key informants particularly form 
the Ministry of agriculture who also helped to identify 
the other actors in the value chain. Questionnaires 
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were administered to different actors in the value chain 
from production to consumption. The actors included 
farmers, traders, transporters and distributors, processors 
and consumers and these were randomly selected. The 
markets visited were Amukura, Asinge, Malakisi, Malaba. 
The data was analyzed using the Statistical Package for 
Social Scientists (SPSS).

During the market survey, samples of dried chips were 
randomly collected from the traders for quality and safety 
analysis. The focus was to establish the cyanide content, 
identify the types of moulds present and establish the 
possibility of aflatoxin contamination hence safety of the 
dry chips.

Results and discussion
Cassava production patterns 
A total of 141 farmers, 53 traders, 7 processors and 81 
consumers were interviewed during the survey. Most 
of the respondents were women (63.6%) and 37.4 % 
were male. The survey established that 95.7% of the 
households interviewed grow cassava and only 4.3% 
do not grow it. There was no significant difference in 
area under cassava production among male-headed and 
female-headed households. Cassava is grown mainly as a 
pure stand with the average acreage per household being 
one acre. The crop is not season bound. It is planted and 
harvested at any period of the year. The reasons cited by 
farmers for not growing cassava included; prevalence 
of diseases (cassava mosaic disease, and cassava brown 
streak), lack of planting material, fear of poisoning and 
insufficient land. 

Varieties grown
Table 1 shows the varieties of cassava grown by farmers 
in both Teso south and Teso north. 
Most farmers grow local and improved KARI varieties 
with Magana being the most common variety. They 
grow more than one variety all mixed in one plot. The 

survey established the characteristics which farmers use 
to choose a variety to grow. These characteristics include 
high yields, good cooking quality, early maturity and 
sweet taste. Magana, a high cyanide variety is preferred 
because of high yields and good for processing good 
quality flour. However it is not known whether the 
quality of flour from Magana is due to the variety or due 
to fermentation.

Technologies for post- harvest handling and 
processing of cassava
The study identified the available technologies and 
equipment used by farmers to process Cassava. Piece 
meal harvesting is done by hand using the hoe. Because 
of the high rate of post-harvest deterioration, the roots 
are processed immediately after harvesting. No storage of 
fresh roots is done. The roots are peeled by hand using a 
knife. Peeled roots are either boiled to be eaten as a snack 
with tea or fermented and dried to make dry chips which 
are ground into flour. Fermentation is done by putting 
whole roots in sacks or heaping them on the ground in a 
corner of the kitchen to ferment for 2 to three days. By 
then the cassava is covered with moulds. The fermented 
roots are dried in the sun whole or after pounding. The 
main reasons cited by farmers for fermenting cassava 
is to remove the cyanide and improve the quality of the 
flour for making Ugali. Brabet et al., (2001) reported 
that fermentation and sun drying improves the expansion 
property of the starch. Sour starch has also been shown to 
have unique baking expansion property of starch making 
it suitable for bakery products. 

Table 2 shows the drying structures used and percentage 
of respondents. The main structures used are tarpaulins, 
mats, rocks, and polythene sheets. 

Table 1. Varieties grown by farmers in Teso south and 
Teso North sub-Counties Variety Respondents (%)
Magana     37.3
Migyera    26.5
Fumba chai    15.7
Other local varieties (e.g. Nyaboda) 9.1
MH/95/0183, MM 96/4466, MM96/
7151, MM98/3567, MM97/2480,
 MM96/2270    7.7
Yellow     3.7

Table 2. Drying structures for cassava in Busia county
Drying structure  Respondents (%)
Tarpaulin    26.5
Mats     21.5
Rocks     19.0
Polythene sheets   13.5
Bare ground    6.5
Drying yard smeared with cow dung 5.5
Cemented drying yard   3.0
Drying racks    2.0
Roof top    1.5
Sacks     0.5
Solar driers    0.5
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The respondents cited several challenges with the drying 
structures. These included continued mould growth, 
domestic animals and vermin and weather changes 
leading to poor quality dry chips. There is potential to 
promote solar driers to ensure production of high quality 
dry chips.

Cassava products, their quality and safety
The major cassava products found in the market were 
dried chips, composite flour (cassava and finger millet) 
and fresh roots as indicated in Figure 1. Very little fresh 
cassava was found in the market. 

The dried chips in the market had irregular shapes and 
sizes and were contaminated with different types of 
moulds resulting in a discoloured product. The moulds on 
the cassava were isolated and the major types found were 
Aspergillus parasiticus, Aspergillus flavus, Diplodia and 
pennicilium species (Fig. 2). 
Due to the presence of Aspergillus flavus mould there is 
the possibility of aflatoxin contamination. Samples of the 
dry cassava chips were analyzed for aflatoxin levels. The 
results however showed very low aflatoxin levels ranging 
from 0-1.5 ppm (Table 2). Very low levels of aflatoxin 
were detected in 15 out of the samples. No significant 
differences in aflatoxin levels between samples from 
different markets.

Although fermentation is a useful processing method, 
poor hygiene and mould growth results in a product that 
is not attractive. While the local community does not 
mind the discoloured chips because it is an indicator that 
the cassava has been fermented, the product will not be 
attractive to consumers in outside markets or industries 
wishing to utilize cassava as a raw material. Research 
to improve the quality of cassava dried chips and flour 
needs to be done but the products have to retain as much 
as possible the traditional product quality characteristics 
desired by the community. 

Conclusion and way forward
The baseline survey identified the following challenges 
and areas of intervention which the project is 
undertaking to add value to cassava and improve cassava 
commercialization. 
• Farmers grow a wide range of varieties. For effective 

and sustainable commercialization there is need to 

Table 3. Level of aflatoxin in fermented dry cassava 
chips.
Level of aflatoxin (ppb)  % samples
0-0.1    30
0.2- 0.5    30
0.6- 1.0    23
1.1 -1.5    11

 

Fig. 1. Cassava products found in the market in Teso south and Teso North sub-
counties 

Fig. 1. Cassava products found in the market in Teso south and Teso North sub-counties

establish which varieties are suitable for specific 
products so that varieties can be promoted targeting 
specific end uses or markets. In this context, 
characterization of processing quality of cassava 
varieties is being done. Additionally, research to 
establish the effect of maturity on the anti-nutritional 
and processing quality of roots is being undertaken to 
establish the optimum time of harvesting the roots for 
processing. 

• Poor handling of cassava during fermentation is a 
major challenge to farmers and leads to poor quality 
dry chips that are not attractive to consumers and 
industrial processors. Research to produce high quality 
fermented cassava chips and flour has been initiated 

The status of cassava production, processing and marketing in Busia County and implications for value addition research
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and will also involve determination and comparison of 
functional properties of fermented verses unfermented 
flour the quality of products from the two types of 
flours. 

• While farmers have been supported by a local 
NGO(Farm Concern International) to access chippers, 
drying of the chips is still a major challenge to ensure 

 

Fig 2. Types of moulds isolated from fermented and dried 
cassava Fig 2. Types of moulds isolated from fermented and dried cas-

sava

product quality. The project will endeavour to promote 
solar drying technology.

• Lack of diversity in products for commercialization. 
Product diversification to widen the markets.
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Abstract
Population increase in East Africa has led to reduced productive land size with increased demand for food. Sole crop-
ping cannot meet food needs. A field study of yield and yield components of Upland NERICA rice/legume based crop-
ping systems was carried out in western Kenya. The project aimed at providing solutions to questions raised by small-
scale farmers who would like to intercrop rice with legumes. Results showed that all the cropping patterns involving 
rice/legumes decreased yield of rice. The test crops used for this research were NERICA rice 11 common bean (KK8) 
and cowpea (Kenya kunde one). The experiment comprised 11 treatments arranged in a Randomized Complete Block 
Experimental Design with four replications. The biological efficiency of intercropping measured in terms of Land 
Equivalent Ratio at the ratio of 1:1 showed that intercropping rain fed rice with cow pea had a higher compatibility 
factor of 1.84 (intercrop benefit of 0.84) than rice-bean intercrop (1.16). The overall results revealed that rain fed rice 
could performed best when intercropped with cowpea. Verification of existing intercropping systems and subsequent 
improvements offers opportunities for increasing sustainable food production.  

Introduction
Rice (Oryza sativa) cultivation was introduced in Kenya 
in 1907 from Asia (MoA 2009, NRDSP, 2009). It is 
currently the third most important cereal crop after maize 
(Zea mays) and wheat (Triticum aestivum) (Romain and 
Shalbroech, 2001; MoA 2009, NRDSP, 2009). It is the 
4th source of income after maize, sorghum (Sorghum 
bicolor) and sugarcane (Saccharum officinarum) for 
people living in Nyanza and eastern regions. Hence its 
role in the economic development of Kenya cannot be 
overlooked. At present, rice is grown in an area of 16,457 
ha in Kenya with a total annual production of 45,256 tons 
giving an average yield of 3 tons ha-1 (MoA, 2008). It is 
grown by small-scale farmers for cash and food. About 
80% of rice grown in Kenya is from irrigated areas while 
the remaining 20% is produced under rain fed conditions 
(MoA - NRDSP, 2009). In total, annual production of 
milled rice currently stands at 45-80 tons per year (MoA 
-NRDSP, 2009). The annual consumption is increasing 
at the rate of 12% as compared to 4% for wheat and 1% 
for maize. This is attributed to progressive change in 
eating habits, cost of cooking energy and its diversified 
utilization (MoA, 2009; NRDSP, 2009). Unlike other 
cereals such as maize and wheat that are both food and 
feed, rice still remains the most favored human grain for 
consumption worldwide.

With the introduction of rain fed NERICA rice varieties, 
there is need for its integration into the current cropping 
systems mainly dominated by maize, sorghum, cassava, 
bananas and finger millet in order to sustain food 
production and to reduce poverty. 

Rice based cropping systems is common in the tropics 
(George et al. 1992). The intercropping system involving 
legumes and cereals in the same field for multiple food 
production is a popular practice among small scale 
farmers in the tropics (Fujita et al., 1990). This can be 
observed by the wide areas of the world covered by 
cereals and legume crops stretching from the South 
Western Japan (34o 40’N) (Fujita et al., 1990) and to the 
western parts of Australia (Ofori and Stem, 1987). It is 
popular among the small-scale farmers in Africa where it 
offers potential for yield advantage for both component 
crops or one of them as compared to monocropping 
through improved yield and stability of yield (Nazir 
et al., 2002: Bhatti et al., 2006). Intercropping is not 
limited to dry matter production (Willey, 1979).The 
water use efficiency in intercropping has been shown to 
increase by 19% compared to sole cropping (Morris and 
Garrity, 1993). In rice, intercropping has been shown 
to reduce yield of rice (Chandra et al., 1992; Saeed et 
al., 1999; Joshi, 2002).Residual in soil improvement 
as a result of legumes intercropping system in wheat, 
cotton sesame and barley have been reported (Ahmad, 
1990; Khan, 2000); Bhatti, 2005; Wahla, 2008). The 
residual soil P2O5 declined in all the cropping systems 
compared to rice alone, because of extraction of insoluble 
soil phosphorus by legumes (Balasubramaniyan and 
Palaniappan, 2001).

The potential of growing other crops such as legumes and 
cereals in association with major staple food crops like 
rain fed rice could be enhanced through intercropping 
(Saeed et al., 1999).This helps to improve and maintain 
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soil fertility (Patra and Catterjee, 1986), ensuring efficient 
utilization of nutrients (Ahmad and Saeed 1998; Maingi 
et al., 2001) and to ensure economic utilization of land 
and capital (Jeyabel and Kuppuswamy, 2001).

Intercropping is a widespread practice in most of the 
warmer (Searle, 1981) and tropical region (Willey, 
1979a). It allows maximum benefit to be made of natural 
resources for crop production. It also helps to maintain 
soil fertility (Patra and Chatterjee, 1986), making 
efficient use of nutrients (Aggarwal et al., 1992, Nazir et 
al., 1997, Ahmad Saeed, 1998, Maingi et al., 2001) and 
ensuring economic utilization of land, labour and capital 
(Morris and Garrity, 1993, Singh et al., 1996, Jeyabel and 
Kuppuswamy, 2001). 

Intercropping system may be legume-legume (Rao 
and Mittra 1989) or non legume/legume (Maldal et al. 
1990). However legume/non legume cropping system is 
very common and widespread (Ofori and Stern, 1987). 
Legumes used in crop production have traditionally 
enabled farmers to cope with soil erosion, declining 
levels of soil organic matter and available nitrogen 
(Scott et al., 1987). Several legume species are grown in 
the tropics as either sole-crops or as intercrops (Rachie 
and Roberts, 1974). The commonly used legumes 
for intercropping include groundnut (Glycine max), 
common bean (Phaseolus vulgaris) cowpeas (Vigna 
unguiculata) and Dolichos bean (Dolichos lab lab). 
Some farmers in developing countries who have adopted 
this low-input system have done so for socio-economic 
and climatic reasons (Okigbo and Greenland 1976). 
Growing interests by farmers in the system arises from 
an increasing awareness of environmental degradation, 
from high chemical inputs (Nielson and Mackenzie, 
1977). Intercropping provides an option for to reduce 
overdependence on commercial fertilizers. 

The yield advantages associated with intercropping 
as compared to sole cropping are often attributed to 
mutual complementary effects of component crops and 
would result into better use of available soil resources. 
Although pure stand of legume produce better yields than 
intercropping systems, land productivity measured by 
Land Equivalent Ratio (LERs) and monetary gain clearly 
show the advantages of intercropping of cereals with 
legumes (Mandal et al., 1990). 

In contrast to the monocropping, the yield advantage 
of intercropping has been recorded in maize-bean 

intercrop (West and Griffin, 1992). Thus one of the ways 
to increase the off season production is to grow these 
legume crops in association with rain fed rice. In addition 
rain fed rice is usually grown under conditions similar to 
maize, sorghum, beans and groundnut during, before or at 
the on set of rainfalls (Ladha et al., 1992).

Upland rice-based cropping system is characterized by 
none flooding during most of the rice growing period. 
Upland rice farming comprises about 13% of the about 
145 million ha of the world rice area (George et al., 
1992).The current cropping system involving rice is that 
of flooded rice is in rotational system with other crops 
like maize, sorghum and legumes which are grown when 
rice has been harvested. This is because it is not possible 
for these crops to grow in water. Initially there was no 
rice variety that could be grown under similar conditions 
like maize and sorghum. NERICA rice varieties have 
been developed, and the area under rice can be increased 
despite the competition with other major cereals in 
Kenya. Moreover, during off season, the residues from 
these crops will help to maintain animals and milk 
production besides improving organic matter and soil 
fertility through biological nitrogen fixation (Wahla et al., 
2009).

In view of the population increase and declining arable 
land, irrigation water, land space and climate change, 
there is need to develop new techniques and methods of 
crop production to meet the increased food demand. This 
can be achieved through effective utilization of available 
agricultural inputs and resource managements such as 
adoption different cropping systems. In addition, the 
present system of sole cropping, does not allow farmers 
particularly the smallholders to address their diversified 
domestic needs. The intercropping system is likely to 
ensure proper and sustainable utilization of resources for 
increased production per unit area (Trenbath, 1986).
Kenya is an agricultural country with favorable climate 
for raising two or more agricultural crops simultaneously. 
With decreasing land sizes, intercropping has the 
potential to ensure efficient utilization of the limited 
resource to increase production and family income 
(Abduljabbar et al., 2010). 

Rice, beans, and cow peas are important crops which 
can provide high economic returns to farmers (Iqbabal 
et al., 2006; Ahmad et al., 2007). The areas under these 
crops cannot be increased as they face stiff competition 
for space from maize and sorghum. However there is 
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still potential of raising other crops such as legumes and 
non-legumes in association with major staple food crops 
like rice that could substantially be enhanced through 
adoption of appropriate cropping systems. The success 
and adoption of one or two patterns of cropping system 
would limit the extent at which rice farmers are exposed 
to environmental hazards such as water borne diseases 
(bilharzias) common in irrigated rice ecosystem. The 
current problem is that irrigated rice does not permit 
intercropping with other crops. Rain fed NERICA rice 
provides an opportunity for intercropping. However, there 
is limited information on rain fed rice/legume intercrop 
in Kenya. The aim of the current study was therefore to 
develop sustainable and economically viable rice-based 
cropping systems acceptable to the small scale farmer.

Materials and methods
The study was conducted at KARI-Kibos and 
Agricultural Training Centre (ATC), Busia located at 
different agro-ecological areas. Kibos (0o 03`S, 34o48`E) 
is located at 1173 m above sea level (asl) with grey to 
black heavy clay soil classified as Plano sols (Kibos 
annual report, 2006) with mean precipitation of 1322 mm 
asl, mean minimum and maximum temperature of 16.4oC 
and 30.8oC respectively (KARI-Kibos Meteorological 
Weather Station, 2010). The ATC (0’ 20oN, 34o6E) is 
located at an altitude of 1220 m asl in Low midland 1 
(LM1). It has shallow marram/medium) deep sandy clay 
soil (Rhodic ferralsols) with bimodal type of rainfall, 
long rains from May while short rains are received from 
September to November and are very erratic. The mean 
annual rainfall 1690 mm and mean minimum and mean 
maximum of 20oC and 28oC respectively.

The test crops for this study were NERICA rice 11, 
common bean and cowpea. Prior to land preparation and 
planting and after harvesting of the component crops, 
soil was sampled at different depth of 0-15 and 15-30 
and analyzed for different chemical properties using 
Homer and Pratt (1961) method. The soil chemicals 
analyzed were nitrogen (N), potassium (K) phosphorus 
(P), organic matter and soil pH. The treatment comprised 
intercropping system of pure stand NERICA rice, pure 
stand beans, single row rice alternating with single row 
of beans, single row rice alternating with single row of 
cowpea, single row rice alternating with double row of 
beans, single row rice alternating with double row of 
cow pea, double row rice alternating with single row of 
beans, double row rice alternating with single row of 
beans, double row rice alternating with single row of 

cowpea, double row of rice alternating with double row 
of beans and double row of rice alternating with double 
row of cow pea. Land preparation was done according 
to the tilth of rice crop seed to allow uniform component 
crop establishment. Planting was done by hand with 
application of base and top dressing fertilizers such as 
Tri-super Phosphate (TSP) and Calcium Ammonium 
Nitrate (CAN) respectively applied as blanket treatment. 
Basal application of Di-ammonium phosphate (DAP) 
fertilizer at the rate of 75 P2O5/ha was applied at planting 
while CAN at the rate of 75 kg N/ha was applied as 
top dress at tillering and at boot stage. Rice seeds were 
directly planted at the rate of 75 kg/ha at the spacing of 
30 cm by drilling, while common bean seed was at 30 kg/ 
ha, at a spacing of 50 x 15 cm and cowpea at the rate of 
25 kg/ha at a spacing of 60 x 15 cm. The spacing between 
row of rice and cowpea or common bean was 30cm while 
the spacing of rice for the intercrop was set at 60 cm for 
a single row of rice alternating with a single row of either 
common bean or cowpea. For double row of rice and 
double row of either double row of beans or cowpeas was 
set at between 110 and 120cm respectively. The common 
beans were harvested at two and half months followed by 
cow pea at three months, while rice was harvested at four 
months after planting.

Design of the experiment 
The experiment was arranged in a Randomized Complete 
Design (RCBD) with 4 replications. The statistical model 
(Gomez and Gomez, 1984) used was: 

Υÿklm = µ+ Ei + βј+ Ck+ C Ei k+ єίјklm, Υÿklm= Observations, 
µ=Grand mean, Ei = ith Environment, βј = Effect of block 
in the ith environment, Ck = Effect of cropping system in 
the jth block in the ith environment, Єi јklm=the error term

Data collection
The data collected included soil chemical properties, 
emergence count of both crops, number of fertile tillers, 
kernels per panicle, grain yield of crops components, 
harvesting index and 1000 kernel weight, of rice. All the 
desired parameters observed and recorded were analyzed 
using the standard procedures of SAS computer statistical 
package. The differences between means were compared 
by the Duncan’s multiple range test at P=0.05 using 
the General Linear Model (GLM) of SAS System for 
windows (1998)

Data analysis
Land Equivalent Ratio (LER). The common basic tool 
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that measures the compatibility of component crop 
in an intercropping is by use of LER. It was done to 
evaluate the effect of intercropping system in terms of 
biological efficiency (IRRI, 1974). This took care of the 
efficiency of land use. Using La+Lb = Ya/Sa +Yb/Sb,La 
where Lb are the LER for the individual crops Ya and 
Yb are the individual crop yields in intercropping, and 
Sa and Sb are their yields as sole crops; It was used to 
divide the intercrop yield of rice by yields of its pure 
stand and adding it to the intercrop yield of individual 
legumes divided by its yield of pure stand. This can be 
summarized as:

• LER = Ya/Sa +Yb/Sb 
• Land Equivalent coefficient (LEC) = LA×LB
Where LA = LER of main crop and LB = LER of 
intercrop
• Area-Time Equivalency Ratio(ATER)
Since land equivalent ratio does not take into account 
the time for which land is occupied by the component 
crops of an intercropping system, area equivalency ratio 
was also determined. It considers the intensification in 
both time and space. This is because, crop production 
is not solely a function of land area, crop management 
and environment alone as implied by LER. It is also 
related to the duration of crop growth or time during land 
is occupied by each crop. The concept is called Area 
Time Equivalency Ratio (Leihner 1983; Hiebsch and 
McCollum, 1987; Susan Anna John, 2005; Seran and 
Brintha, 2009)] and was calculated as

• ATER=(Rya×ta) + Ryb×tb)
Where, Ry=Relative yield of species a’ or b’, i.e., yield of 
intercrop yield of main crop, t=duration (days) for species 
a’ or b’ and T=duration (days) of the intercropping system

• Aggressivity Aab= Yba - Yab

Ybb×Zba Yaa×Zab

Where Yab and Yba are the individual crop yields in 
intercropping and Yaa and Ybb are their yields as sole crop. 
Zab and Zba were proportion of land area occupied on 
intercropping when compared to sole crop for species a` 
and b` respectively (Mc Gilchrist, 1965).

Relative crowding coefficient
Relative crowding coefficient (RCC) =Kab×Kba

Where, Kab=Yab

Yaa-Yab and  Kba = Yba

Ybb -Yba

Kab and Kba are the RCC for species a`and b` 
respectively (de Wit, 1960).

Net Income. Net return was calculated by subtracting cost 
of cultivation, inputs and labour from gross margin
Cost - benefit Ratio = Gross return 
Total (variable) cost of cultivation

The yield of rice and bean intercrop will be converted 
into rice grain equivalent on the basis of existing market 
price of each crop (Anjeneyubu et al., 1982).

Results and discussion
Rainfall data collected at KARI-Kibos and ATC Busia
Moisture is a very important factor in plant growth and 
development. In February the amount of rain received in 
Kibos was about 10mm compared to 200 mm in Busia 
(Figure 1).The mean rainfall amount was very low in 
KARI-Kibos as compared to Busia which had adequate 
rainfall between March and May. Rainfall distribution at 
Busia throughout the crop growth and development was 
better than in KARI-Kibos. The figures show that it was 
possible to have two crop planting seasons at Busia than 
at KARI- Kibos (Figure 1). 

Temperature at KARI-Kibos and ATC Busia
Temperature contributes economically to crop growth, 
development, and productivity. This is because the 
change from the vegetative stage of a crop to the 
reproductive phase may be influenced by temperature 
changes. There were significant temperature differences 
between the two sites between January and July. 
However, between September and November both sites 
experienced almost the same temperatures (Fig. 2). 

Rice grain yield
The grain yield is the ultimate objective of growing rice 
crop. The yield factor is related to plant population, a 
thousand grain weight, number of tillers, number of 
kernels per panicle and agronomic practices employed 
during crop growth and development. Any failure or 
success of the above factors affect the rice grain yield. 
Intercropping rain fed rice with the two legumes (Table 
1) significantly (P≤ 0.05) reduced the of rice grain yield. 
Cowpeas caused significant (P≤ 0.05) yield reduction in 
grain rice when compared to sole crop. The significant 
yield reduction (P≤ 0.05) was also observed in rice and 
common bean intercrop. The intercropping patterns 
involving rice and legumes showed no significant 
difference between them (Table 1) and were statistically 
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at par while single rows of rice alternating with double 
rows of beans caused the least reduction in rice grain 
yield. 

The reduction in grain yield could be attributed to less 
number of fertile tillers per unit area, kernels per panicle; 
1000 kernel weight in all the intercropping patterns, 
extended drought during tillering stage and grain filling 
period which are critical stages related to grain yield 
(Figures 1 and 2) or due to probably inter and intra 

competition for moisture, light space and nutrients. The 
results also showed that pure rice stand (2.375), pure 
bean stand (1.150), pure stand cow pea (1.425) had high 
value more than the intercrop (Table 1). However some 
of the intercrop patterns which increased rice grain yield 
significantly could be attributed to nitrogen fixing ability 
of the two legumes (cow pea and common beans) and 
the extensive root system of rain fed rice (Chen et al. 
2004). The reduced yield of rice in the intercrop could 
have also been associated with inter-specific interaction 
competition both above and below the ground between 
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components crop for water, nutrients, light and air and the 
depressive effect of vegetative growth habit of the two 
legumes. These results are consistent with those reported 
by Pal et al. (1992) in sorghum/soybean intercrop, soy 
bean intercropped with maize and sorghum (Muoneke et 
al., 2007). Intercropping pea with mustard reduced the 
yield of mustard (Banik et al., 2006). 

Harvest Index (HI) of Rice
Harvest index is usually used to determine the efficiency 
by which a crop converts the dry matter into economic 
yield. The shorter the variety the higher the HI value 
(Gopal, 1990). The higher the HI of a crop or a variety 
the more is the efficiency of the crop to convert dry 
matter into economic yield. The results showed that 
intercropping rain fed rice had significant effect on 
HI (Table I). Higher value of HI (0.895) (Table1) was 
observed when single row rain fed rice was intercropped 
with single row cowpea than in the pure stand. The least 
HI (0.193) (Table 1) was obtained when rain fed rice was 
intercropped with double row bean. 

The results agree with the results of (Saleem et al., 
2003) who found a significant effect of planting patterns 

on HI in sunflower and mung bean, Sultana (2007) on 
sunflower and green gram intercropping.

Thousand grain weight of rice
A thousand grain weight is one of the important factors 
contributing to overall yield of the rain fed rice grain. 
The data related to 1000 grain weight is shown in Table 
1. The highest value of 1000-grain weight was 22.625g 
when single rice was alternating with double row of 
beans. Sahi (1988) observed similar results in lentil and 
wheat intercropping. The 1000-grain weight decreased 
significant in almost all intercropping patterns probably 
due to competitive effects of the respective components 
crops. Khan (2001) reported similar suppressive effects 
of intercropping wheat and legumes on 1000-grain weight 
of wheat.

Biomass of rice
The effect of intercropping caused significant reduction 
of rice biomass (Table 1). Maximum biomass was 
obtained from double row rice intercropped with a 
single row of common bean (4.875 kg/ha), while the 
minimum biomass of rice was observed in single row 
rice plus double row beans intercrop (1.181 kg/ha). This 

Table 1. Effects of cropping system on grain, biomass, tillers, and kernel per panicle, of rain fed  
 rice in two locations in the year 
Treatments  Rice yields 

(kg/ha)  
Rice 
biomass 
(kg/ha) 

Tillers 
(m2) 

Kernel/ 
panicle 

1000 seed 
wt (g) 

HI 

Pure stand of rice 2.375a  8.938a* 259.89a 162.0a 22.16a 0.383b 
Pure stand of beans 1.150bcd 2.350cd 245.51b 153.7b 375.78b 0.450b 
Pure stand of cow pea 1.425b 3.625bcd 226.92c 142.7c 129.98c 0.424b 
Single row rice +single row 
bean 

0.650de 2.600cd 239.31b 150.3b  21.35b 0.324b 

Single row rice+ single row 
cow pea 

1.063bcde 3.875bc 237.12b 150.0b  22.25b 0.895a 

Single row rice+ double 
row beans 

0.563e 1.813d 237.12b 149.1b  22.625b 0.348b 

Single row rice+ double 
row cow pea 

0.813cde 2.313cd 239.64b 149.0b  21.189b 0.424b 

Double row rice +single 
row bean  

1.125bcd 4.875b 239.87b 148.6b  21.425b 0.293b 

Double row rice+ single 
row cow pea 

1.225bc 3.938bc 244.79b 149.0b  22.488b 0.311a 

Double row rice +double 
row beans 

0.688dce 2.625dc 241.40b 149.0b  20.625b 0.311b 

Double row rice +double 
row cow pea 

0.750dce 2.688cd 238.06b 148.5b  21.775b 0.306b 

 Mean of replications. Mean separation in column Duncan Multiple Range Test (DMRT) at 5% level  
 HI=harvest index 
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was probably due to the less vegetative growth of rain 
fed rice. Similar results have been reported by Saeed et 
al. (1996). However high biomass yield (4.875 kg/ha)) 
was observed in double rows of rice intercropped with 
single row of beans (Table 1). The low rice biomass yield 
could be due to the fact that vegetative growth of the two 
legumes (bean and cowpeas) shaded the rice. Similar 
results have been reported on wheat intercrop with other 
legumes (Tarreen et al., 1988). 

Fertile tillers and Kernels per panicle of rice 
Different intercropping patterns caused significant 
reduction in number of fertile tillers per unit area. The 
suppressive and smothering effect of the legumes on 
kernel yield was probably due to competition for growth 
factors during early stages of rice development and  
inability of rain fed rice to recover the loss at later stage. 
Table 2. Effect of intercropping rain fed rice with beans 
and cow pea on LER, land equivalent co efficiency 
(LEC), ATER, Aggressivity and Relative crowding 
coefficient

Table 2. Effect of intercropping rain fed rice with beans and cow pea on LER, land equivalent co efficiency (LEC), ATER, 
Aggressivity and Relative crowding coefficient 
 
 
 
 
Treatments 

Yields 
(component 
crops) 

LER Total 
LER 

Intercro
p 
benefit 

Land 
Equivalent 
coefficient 

Area 
Time 
Equival
ent ratio 

Aggress
ivity 

Relative 
crowding* 
coefficient 

Pure stand of rice 2.375 -       
Pure stand of beans 1.150 -       
Pure stand of cow 
pea 

1.425 -       

Single row rice 
+single row bean 

0.650+1.050 0.27 + 
0.89 

1.16c 0.16 1.544 1.278 -1.64 3.945 

Single row rice+ 
single row cow pea 

1.063+0.700 0.448 
+1.39 

1.84a 0.84 2.525 1.186 -0.086 0.782 

Single row rice+ 
double row beans 

0.563+1.175 1.09 + 
0.47 

1.56b 0.56 1.337 1.09 -0.806 -14.57 

Single row rice+ 
double row cow pea 

0.813+1.775 0.84 + 
0.34 

1.18c 0.18 1.930 1.246 0.215 2.627 

Double row rice+ 
single row bean 

1.125+0.876 0.59 + 
0.47 

1.06c 0.06 2.671 1.393 -1.446 2.8 

Double row rice+ 
single row cow pea 

1.225+1.238 0.512 + 
0.78 

1.29c 0.29 2.909 1.44 0.482 -7.01 

Double row rice 
+double row beans 

0.688+1.163 0.92 + 
0.29 

1.21c 0.21 1.634 1.397 -2.634 -36.1 

Double row rice 
+double row cow pea 

0.750+1.800 0.32 + 
0.76 

1.07c 0.07 1.781 1.263 -2.887 2.2 

F test   * * * NS NS NS 
 Means followed by the same letters in each column are not significantly different according to DMRT at 5% 

 

Land Equivalent Ratio 
Intercropping resulted in yield advantages and all the 
components were compatible with each other .Greater 
Land Equivalent Ration (LERs) observed in 1.16 (rice 
and beans) and 1.84 (rice +cow pea) with an intercrop 
benefit of 0.16 and 0.84 respectively (Table 2). This 
demonstrates the yield advantages for the intercropping 
plots. In particularly rice and cow pea gave the highest 
LER of 2.52 and 2.91 implying over 80% of land 
would be required as sole crop to produce the yield 
obtained under intercropping system. These results are 
in agreement with Saeed (1999), who also reported that 
intercropping legumes with rice gave more rice yield 
than sole cropping. Total LER values were higher in 
all the intercrops than one indicating the advantage 
of intercropping over sole stands in regard to use of 
environmental sources for plant growth (Mead and Willey 
1980). Similar results has also been reported where pea 
was intercropped with barley (Li et al., 1999).The total 
LERs values also showed that bean/rice intercrop LER 
of cowpea/rice appeared to have more beneficial land use 
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Table 3. Effect of intercropping rain fed Upland rice with legumes 

 
Treatments  

Grain 
yield 
(kg/ha) 

RYE Revenue per 
acre 

Total 
variable 
cost 

Net income Benefit-
cost 
ratio* 

Pure stand of rice 2.375  53240 42250 1731.450 0.04 
Pure stand of beans 1.150  42592.59 19250 23342.59 1.20 
Pure stand of cow pea 1.425  52777.59 19250 33527.75 1.74 
Single row rice +single 
row bean 

0.650 1.09 49074.07 54750 -5675.93 0.10 

Single row rice+ single 
row cow pea 

1.063 0.86 45611.10 54750  9138.89 0.17 

Single row rice+ double 
row beans 

0.563 1.22 53944.40 54750  805.556 0.60 

Single row rice+ double 
row cow pea 

0.813 1.53 80796.30 54750  -2646.3 0.48 

Double row rice+ single 
row bean 

1.125 1.15 53240.70 54750 -1509.26 0.03 

Double row rice+ single 
row cow pea 

1.225 1.29 68537.0 54750 13787.04 0.25 

Double row rice +double 
row beans 

0.688 1.38 55814.80 54750 1064.815 0.02 

Double row rice +double 
row cow pea 

0.750 1.57 79407.41 54750 2465.41 0.50 

 
efficiency in almost all intercrop patterns. In conclusion 
rain fed rice benefited from residual nitrogen fixed by the 
cow pea and common beans. This is an indication that 
three crops are compatible since their growth stages for 
competition for growth factors do not overlap.

Area Time Equivalent Ratio (ATER)
The ATER usually gives a more realistic comparison 
of the yield advantage of intercropping over the sole 
cropping than LER as it considers variation in duration 
taken by the component crops. In all the treatments 
except the pure stand, ATER values were smaller than 
the LER values (Table 1) indicating the over estimation 
of resources utilization in the LER. The results showed 
that there were no significant differences in ATER 
between the treatments. The high ATERs is an indication 
of efficient utilization of land, water, light and nutrients. 
When there is a substantial difference between growth 
duration of associated crops time factor becomes an 
important element and ATER is considered to be a more 
appropriate index for evaluating the efficiency of the 
system (Ofori and Stern, 1987). The LEC and ATER 
seemed to followed similar trend to that of LER. This is 
in line with the findings of Okori and Stem (1987). 
Negative aggressivity values obtained for most treatments 
signified that cowpea and beans were dominated by rice. 

This may due to be differences in growth habits of the 
three associated crops. This also implies that aggressivity 
values were significantly influenced by the intercrop 
and spacing. The results differed with what was reported 
by Ali (1999) on rapeseed being dominant and having 
positive aggressivity value when grown in association 
with wheat and linseed. The negative Relative Crowding 
Coefficient (RCC) observed in most of intercropping at 
wider spacing (double row spacing involving rice and 
the two legumes and other spacing in the combination 
implies potential yield reduction in the intercropping 
situation compared to sole cropping though the difference 
is not significant. In this study, there was no yield 
advantage gained over sole crop from the intercrop. This 
is contrary to what is reported by El-Edward et al., 1997, 
on maize/soybean intercrop.  The intercrop benefit (Table 
2) was higher in inter cropping rice with cow pea than 
common bean .The best explanation for this is that there 
was better utilization of resources and higher economic 
value of cow pea. The results of this study suggest that 
cowpea is a promising intercrop component for rice. 

Conclusion
The result showed that Upland rain fed rice was 
compatible with either cow pea or common bean in 
intercropping systems. An economic analysis should be 
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done to evaluate the benefits of intercropping Upland rice 
with legumes compared to mono cropping.
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Abstract 
Cassava is the second most important root crop after Irish potato in Kenya. Cassava’s potential for food, feed and 
industry is constrained by inadequate production volumes to sustain use. Cassava productivity in the country is about 
9 t ha-1 which is below the potential yield of 50 t ha-. This is partly due to diseases such as cassava mosaic and 
cassava brown streak diseases. In addition farmers’ planting materials have degenerated with time resulting to low 
productivity. Demand for improved, disease free planting material is on the increase and there is need to increase 
supply of improved, high yielding clean planting material to increase production. The Ministry of Agriculture under 
the East Africa Agriculture Productivity Programme has been engaged in promoting use of healthy planting materials, 
and capacity building on improved agronomic practices to increase cassava productivity. Eight improved varieties 
developed by the Kenya Agriculture Research Institute were disseminated to four selected cluster sub-counties in 
Kenya within the first year of the project.  A total of 1285 farmers of whom 75% were females engaged in the seed 
bulking activity.  A total of 220,000 cassava cuttings were distributed in the four cluster areas and 1,499,220 30 cm 
cuttings were harvested and distributed to other farmers.  Challenges in commercialization of cassava seed by small 
holder farmers from seed procurement stage to the distribution stage are discussed.  Directions for improvement 
of cassava seed systems in the country and the Region with the view of transforming cassava seed production for 
equitable economic growth are discussed.

Introduction
About 54% of the world production of cassava is grown 
in sub-Saharan Africa (FAOSTAT, 2005).
Cassava is grown in 39 African countries, of which 
Nigeria, Democratic Republic of Congo, Ghana, Tanzania 
and Mozambique are among the top ten producers in the 
world (FAO, 2001). Kenya is ranked number 31 in the 
world ranking of cassava producing countries and the 
annual root production is estimated at 893,122 t valued 
at 18.5 billion Kenya shillings from 69,169 ha (MoA, 
2013). In Kenya cassava is the second most important 
root crop after Irish potato.

The crop is widely cultivated in western, coastal and 
central regions of Kenya where it supports the livelihood 
of over 2.5 million people. Western region produces 60% 
of the country’s total cassava production followed by 
coastal region (30%) and central region (10%). In these 
areas, cassava is regarded as the first or second staple 
food (Njeru and Munga, 2003). Kenya’s average cassava 
fresh root yield is about 9t ha-1 (FAOSTAT, 2011). 
This is below the continent’s average of 10 t/ha  and the 
average yield of 14 t/ha  for Nigeria which is Africa’s 
and the world’s largest producer. This yield gap is caused 
mainly by use of local varieties which have low genetic 
yield potential and susceptibility of the commonly grown 
varieties to major diseases. The major diseases are mainly 
cassava mosaic diseases (CMD), caused by the East 

African Cassava Mosaic Virus (EACMV), its Ugandan 

variant (UgV), and the African Cassava Mosaic Virus 
(ACMV), and cassava Brown Streak Disease (CBSD). 
Commercialization is constrained by poor postharvest 
handling and processing technologies and marketing. 
Cassava production depends on supply of quality stem 
cuttings. Low availability of cassava cuttings is caused 
by the low multiplication rate compared to grain crops, 
which are propagated through true seeds. In addition, 
cassava stem cuttings are bulky and highly perishable 
as they dry up within a few days. The seed system 
of cassava is largely informal and characterized by 
free exchange of small quantities of cassava stakes 
among local communities with few and/or non-existent 
commercial seed producers. This seed system has major 
limitations. Firstly, because it has no certification and/or 
indexing system, it harbors complex diseases like CBSD 
and CMD) through the generations, making their control 
very difficult. Lack of a functional certification system 
has accelerated the rapid spread of the two diseases 
in Africa. Enhancing a clean seed distribution system 
can consequently, help to unlock the yield potential of 
cassava. 

In an effort to revitalize cassava productivity of the 
systems, the East African Agriculture Productivity 
Programme (EAAPP) a World Bank supported  
programme was started in 2010 with the principal goal 
of improving cassava productivity alongside dairy, 
wheat and rice.  The 3rd component of the project seeks 
to increased cassava productivity through accelerated 
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development and distribution of improved disease 
tolerant and high yielding cultivars. The EAAPP 
supported cassava seed multiplication programme started 
in the second quarter of 2011/2012 financial year with 
the principal objective of improving cassava yields and 
the output of smallholders, primarily to increase national 
food security in Kenya and increase the volumes of 
cassava for commercial purposes. The objective being 
to decentralize seed delivery systems to ensure that all 
farmers have access to clean seed.

Cassava EAAPP activities are concentrated in eight 
sub-counties in the three major cassava growing regions 
in Kenya, namely coastal, central and western regions. 
The coastal region is characterized by lowland ecology, 
high rainfall and humid, and warm temperature. Central 
is characterized by low to high altitude areas mainly 
semi-arid areas with cool and warm temperature. Western 
Kenya is characterized by mid altitude, medium to high 
rainfall areas, humid and warm temperature. This paper 
reviews the EAAPP activities in four sub-counties. Its 
objective is to give an overview of the cassava bulking 
process during the first year of implementation in Kilifi 
(coastal), Kathonzweni (central) and Siaya and Migori 
in the western Kenya. The review will also highlight the 
status of cassava bulking with the objective of giving 
directions for future seed multiplication in the country 
and the Region. 

Methodology
The EAAPP activities are currently operating in 
eight cassava cluster sub-counties, namely Kilifi, 
Msambweni, Migori, Teso South, Mbeere South, Teso 
North, Kathonzweni, and Siaya sub-counties. Kilifi, 
Kathonzweni, Siaya and Migori sub-counties that are 
reported in this study commenced seed production in 
2012 while the remaining four started in 2013. The 
project focal areas were consultatively identified through 
stakeholder forums and professional group meetings and 
interventions rolled out along the cassava value chain. 

It was also based on sub-counties that were growing 
cassava and therefore had potential for spearheading 
industrialization of the crop. The project supported the 
formation of farmers groups, provision of basic seed and 
clean planting material for multiplying. It also, trained 
farmers to: produce seed for informal sale (including 
training in water harvesting and water management) 
and maintain registry of farmers and groups producing 
improved cassava planting materials and their seed sales.

Farmer sensitization campaigns and training of seed 
multipliers were conducted during the reporting period. 
Eight (8) selected cassava varieties that were high 
yielding and adaptable to the local conditions were 
acquired from Kenya Agricultural research Institute 
(KARI). Seed distribution was achieved through a 
delivery channel that involved KARI, Ministry of 
Agriculture, Livestock and Fisheries and farmers. 
The cuttings was transported by KARI lorries for 
Kathonzweni, while in Kilifi, Siaya and Migori, 
government pick-up vehicles were used. The planting 
material was delivered in 30 cm long cuttings packed in 
gunny bags. The cassava planting material in the bulking 
sites were grown under rain-fed conditions.

Varieties
The improved cassava varieties distributed for bulking 
were Ex Mariakani, 69/00067, MM 5280 for eastern 
region, Tajirika, Shibe and Karembo for coastal 
region and MH95/0183 and MM96/2480 for western 
region. These varieties were selected because of their 
comparative yield advantage of nearly 10 times the yield 
of traditional varieties; high dry matter content and low 
cyanide levels (less than 4 on 1-9 scale) and are tolerant 
to cassava Mosaic and cassava brown streak disease. 
The bulking sites were organized and managed by the 
farmers with the help of staff from the sub- county 
Agricultural office. The analysis covered three agro 
ecological zones within the cluster sub-counties where 
the programme is operating Kilifi in Cashew nut-Cassava 
Zone/Coastal lowland 4 (CL4), Kathonzweni Low 
midlands 5 (LM 5) and 6, Migori and Siaya, LM 4 and 
5.  Fourteen farmer groups comprising of 526 farmers 
and one institution involved in the bulking exercise were 
analyzed. The cassava was planted at a spacing of 1 x 1 
m. Intercropping  with  grain  legumes  to  make  some  
nitrogen  available  to  the  cassava  crop was done in 
some sites.  Farmers were sensitized   and   engaged   
through   farmer   groups,   where   they   were   trained   
on multiplication techniques, disease identification and 
nursery maintenance. 
 
Data gathering was done with the aid of a structured 
checklist administered to Agricultural extension field 
officers and randomly selected cassava farmers in 
individual interview sessions. Descriptive statistics were 
used to report the data.

Results
Cassava cuttings procured from the KARI were 
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distributed to farmers groups in the various sites as shown 
in Table 1. Farmers in Kilifi, Siaya, and Migori planted 
at angle leaving only one node visible above the ground, 
while farmers in Kathonzweni planted the cuttings 
underground horizontally. 

Plant establishment
About 70% of the farmers groups bulked the cassava on 
a communal land, while 30% divided the cassava among 
the group members with each member bulking an average 
of between ½ to 2 acres.  In the communal planted 
bulking sites one member of the group contributed land 
and all the member groups participated in planting and 
management of the bulking sites.

Despite the fact that the plants were delivered to the 
cluster sub-counties in time, great losses were incurred. In 
Kathonzweni sub-county, 60% of the acreage established 
was lost mainly due to a dry spell that experienced 
immediately after planting. The soils in the farmers’ 
fields in Kathonzweni are sandy hence the crop did not 
establish well. There was also an outbreak of African 
bollworms in the region which greatly destroyed the 
young plants. In Kilifi sub-county, 40% of the established 
acreage was lost mainly due to a dry spell immediately 
after planting. It was noted that in farms where water 
conservation was practiced, the crop established well, 
despite the dry spell. Bulking in the Agricultural Training 
Centre (ATC) resulted in only 5% losses which were 
mainly attributed to theft of the mature plants. In Siaya 
and Migori, 20 and 10% of the acreage planted was lost 
respectively mainly due to poor establishment occasioned 
by bruises on the cassava cuttings during transportation.

Management of the bulking sites
The groups weeded their group plots jointly an average 
of three times. Rouging to remove off-types and diseased 
plants (mosaic virus) was conducted routinely. None 
of the groups applied any form of fertilizer both during 
planting and topdressing.  Forty five per cent (45%) of 

Table 1. Number of cuttings distributed and harvested per sub-county
Sub-county No. of  cassava   Acreage planted  Yield    Mean No. of
  cuttings  distributed   of cassava cuttings per acre cuttings per plant
ATC Mtwapa  40,000   10   53,030   13.27
Kathonzweni 40,000   10   6,390   1.59
Kilifi  80,000   20   30,051   7.51
Siaya  40,000   10   15,000   3.75
Migori  20,000   5   2880   7.2
Total  220,000   55   23,440   6.16

the bulking sites were intercropped  with  grain  legumes  
to  avail  nitrogen  to  the  cassava  crop and as a source 
of alternative income.

The cassava stems were harvested twelve months 
later, sorted and cut into pieces 60 cm long and further 
into 30 cm cuttings tied in bundles of 50 pieces each. 
Cuttings from strong, healthy cassava plants mainly from 
the middle portion of the stems were harvested.  The 
Agricultural training Centre in Kilifi produced the highest 
number of cuttings per plant (14) followed by western 
Kenya in Siaya and Migori.  Kathonzweni harvested 
the least number of cuttings (1.59 cuttings per plant) 
as illustrated in Table 1. Farmers in Kilifi harvested 
an average of 7.51 cuttings per plant and in Siaya and 
Migori, an average of 3.75 and 7.2 cuttings respectively. 

Gender analysis in cassava multiplication
The study involved a sample distribution of 75% female 
farmers and 25% male. This implies that more women 
were engaged in cassava production than men.  A 
total of 445 farmers were trained on cassava planting 
material multiplication.  More women (68%) attended 
the trainings compared to men (Fig. 2). Kilifi recorded a 
higher farmer turnout during the trainings compared to 
the sub-counties. Ironically more male (51%) than female 
(49%) farmers attended field days.

The bulking plots in Siaya and Migori were inspected 
by a team of experts from the KARI, to ensure quality 
planting materials were produced for distribution to other 
farmers in secondary fields.

Distribution of improved planting material 
A total of 1, 499,220 cuttings valued at KES 2,313,520 
were harvested and distributed to other farmers as 
illustrated in Table 2.

The cuttings for Kilifi were not sold but shared among 
group members to increase the cassava acreage, but they 
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were valued as shown in Table 2.

Retrieval of cassava cuttings
The retrieval mechanism of cuttings was used to maintain 
the system of multiplication and distribution of clean 
stems of cassava. In this multiplication system farmers 
gave back the same amount of cuttings advance to 
them at the end of the season for distribution to other 
beneficiaries, who would also do the same. This creates 
a multiplier effect and therefore more farmers are able 
to access quality planting material. A total of 57% of the 
total cassava distributed was retrieved (Table 3)

Table 2. Sharing of cassava cuttings
Cluster   No. of cuttings harvested Price per cutting Value Additional area established
ATC-Mtwapa- 2013 540,300    2   1,060,600  135
Migori    144,000    2   288,000 3  6
Siaya    150,000    2   300,000   38
Kilifi    601,020    1   601,020   150
Kathonzweni   63,900    1   63,900   16
Total   1,499,220      2,313,520  375

Tuber yields
Cassava varieties from the coastal region significantly 
resulted in more marketable yield per hectare compared 
to varieties from the western and central regions. The 
cassava variety ‘Tajirika’ presented the highest mean 
yields of marketable tubers per hectare (Table 4) at 48 

t/ha, followed by Shibe at 45 t/ha. 

Discussions and recommendations
The production of cassava is dependent on a supply 
of good quality stem cuttings. Through EAAPP an 
effective multiplication and distribution network system 
was developed in the study sub-counties. The objective 
being to decentralize seed delivery system to ensure that 
all farmers get access to high yielding clean cassava 
planting material. Traditional source of multiplying and 
distributing planting materials is from farmer to farmer. 
Some of the challenges facing the traditional sources 
of cassava planting materials are: low yield (5-6 t/ha); 
low income level; multiplication and spread of diseased 
planting material; and scarcity of planting material at the 
beginning of the growing season. 

The objective of component three (3) of the EAAPP 
Project Implementation Plan (PIP) was to establish and 
improve cassava multiplication systems and develop 
effective and sustainable systems of delivery of improved 
varieties to farmers alongside wheat, rice and dairy. 
The Initial bulking materials were procured 40-70 km 
away which is not practical for the ordinary small scale 
farmer to cover the distance in search of clean-high 
yielding cassava planting material. The study has shown 
that establishment of bulking sites within the farming 
community would give easy access of the cassava 
planting material to majority of the farmers. The area 
under improved cassava varieties expanded six-fold from 
the 55 acres initially established to 375 acres.   

Decentralized seed system ensures rapid multiplication 
and distribution of large quantities of improved cassava 
varieties to many farmers in a relatively short period. 
Certified or high quality seed supply is an important 
factor for achieving high grain crop yields. About 99% of 
the cassava planting materials produced in the country is 
produced informally. From the analysis conducted in the 
cluster sub-counties, vegetatively propagated crops like 
cassava need the same high quality planting material for 
increased yields. The study recommends development 

Table 3. Number of cassava cuttings retrieved from the 
clusters
Cluster Amount of cuttings 
  Distributed   Retrieved    Retrieval (%)
ATC Mtwapa  40,000   40,000   100 
Kathonzweni 40,000  4,000   10 
Kilifi   80,000   40,000     50
Siaya   40,000   40,000     75
Migori   20,000   10,000     50
Total  220,000  134,000    57 

Table 4. Average fresh root yields of the cassava varieties 
bulked by farmers
Variety  Fresh tuber yield
  (t/acre) research    (t/ha) farmers
Ex- Mariakani   28  20
MM/96/5280   32  28
192/00067   30  26
Shibe,    68  45
Tajirika,   61  48
Karembo   66  42
MH95/0183   31  25
MM96/2480   32  30
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of a quality protocol by KARI and KEPHIS for use by 
farmers to ensure quality planting materials are produced 
from the bulking plots.

The farmer groups involved in the project also used the 
bulking plots as a commercial enterprise for distribution 
of cassava planting materials to tertiary farmers for food 
and income. The farmers obtained KES 2.3 million from 
the sale of cassava planting material. Seed companies 
have not invested on production, distribution and 
marketing of cassava planting materials due to the low 
multiplication factor, as well as the bulkiness of the 
planting materials which require significant sums of 
money for transportation.

Decentralized seed production is an effective way of 
availing accessibility of clean, high yielding cassava 
planting materials to farmers since cassava cuttings 
easily dry and loose viability and vigor within a short 
time. They are also more fragile and the nodes suffer 
mechanical damage during harvesting, packing, and 
during transportation.

KARI has bred many improved cassava varieties 
available that are high-yielding and early maturing. The 
unattractive 6 t ha-1 varieties which are late maturing 
will give way to varieties that yield 20-50 t ha-1 in 12 
months as shown in the study. This augurs well for efforts 
to increase cassava production in Kenya and the East 
African region.

Only 57 % of the cassava issued was retrieved, indicating 
the need for establishing formal contracts to enhance the 
retrieval mechanisms for increased sustainability. 
Some of the key lessons learnt from the one year study 
include cassava multiplication undertaken at individual 
level was more successful than at group level due to 
ownership. The ATC was able to produce more cuttings 
per cassava plant due to good management compared 
to the management at the bulking sites. Timeliness 
in farming operations and distribution of the planting 
materials to farmers is also a key lesson. A dry spell 
can greatly affect cassava establishment as reported in 
Kathonzweni sub-county. The need to promote water 
conservation techniques for cassava bulking is important 
especially in the dry regions of AEZ LM 5 and 6. 
The study recommends future projects to adopt 
distribution of cassava planting material in form of stems 

instead of cuttings to enhance quality, and minimize 
losses, hence improve cassava establishment. This is 
especially so where cassava is being transported over 
long distances. Prior arrangements with the farmers need 
to be done to ensure the planting materials are planted 
immediately on delivery. There is need to address the 
entire value chain including processing, value addition 
and marketing when undertaking cassava multiplication 
for maximum benefits. The EAAPP project has put 
measures in place to promote the cassava value chain 
approach with focus on processing and value addition, 
using the Agribusiness concept model. The project is 
in the process of establishing two cassava Agribusiness 
centres in Kilifi and Busia counties.
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Abstract
To increase efficiency in agricultural production among small scale farmers, mechanization was found to be the main 
driving tool. When all the mechanization aspects were ranked through a survey, harvesting and seed processing were 
found to be the most crucial areas of need hence the decision to fabricate the small scale wheat thresher and seed 
dresser machines. A prototype of a manually operated small grain thresher (KARI wheat thresher) and seed dresser 
(KARI Seed Dresser) have been fabricated and tested for efficiencies and are under validation at KARI Njoro, Mwea 
and Kibos. The machines main features were portability, easily assembled, affordability by small scale farmers, timely 
usage, requiring basic skills to operate, local serviceability and gender friendliness. The threshing efficiency was up to 
90% and the lowest was 85% in cleaning. The seed dresser coated 35Kg of seed with insecticide in 30 seconds to an 
efficiency of over 90%. Aggressive mechanization can improve the overall output in food production.

Background
To increase efficiency in agricultural production among 
small scale farmers, mechanization was found to be 
the main driving tool (Wheat Baseline Report, 2012). 
Mechanization in agriculture has been practiced by 
isolated farmers since the advent of agriculture in 
an unstructured manner (NAMS 1992). Almost all 
agricultural activities can be mechanized at different 
levels and magnitudes along the production value chain 
(FAO, 2008). Critical areas of mechanization include; 
seedbed preparation, sowing, pest control, harvesting 
and post harvest handling (Sikh, 2000). When all the 
mechanization aspects were ranked through a survey, 
harvesting and seed processing were found to be the most 
crucial areas of need (Wheat Baseline Report, 2012) 
hence the decision to fabricate the small scale wheat 
thresher and seed dresser machines. Another survey was 
carried out to take an inventory of available machines in 
use and determine their appropriateness (Nasirembe et al. 
2012). The outcome of the survey exhibited how small 
scale farmers incurred huge losses in terms of grain lose 
when they threshed wheat using sticks (Hassan et al., 
1993). Attention has therefore turned to mechanization 
of threshing and seed dressing to reduce losses following 
the dwindling labour force as the youth opt to undertake 
white colour jobs., Increase in demand for food and the 
high cost of imported machinery has necessitate the 
development of the two technologies . 

Imports are not appropriate to local conditions and may 
become unnecessarily expensive when the imported 
tools and equipment breakdown due to lack of spares or 
obsolescence. While the rest of the developing world has 
moved from traditional agricultural production methods 

during the last 50 years, Kenya has lagged behind and is 
a sole importer of agricultural machinery. The objective 
of the study was therefore to innovatively design, 
fabricate and test threshers and seed dresser for small 
grains in order to contribute to the food productivity in 
the country. The problem areas were identified through 
a social economic survey that captured information from 
farmers and through crop researchers.  A design concept 
was developed from which working sketches were drawn 
leading to a bill of quantities. Materials were acquired 
from local hardware outlets, cut and shaped from local 
machine shops and assembled. A prototype of a manually 
operated small grain thresher (KARI wheat thresher) and 
seed dresser (KARI Seed Dresser) have been fabricated 
and tested for efficiencies and are under validation at 
KARI Njoro, Mwea and Kibos. The machines main 
features were portability, easily assembled, affordability 
by small scale farmers, timely usage, requiring basic 
skills to operate, local serviceability and gender 
friendliness. The threshing efficiency was up to 90% 
and the lowest was 85% in cleaning. The seed dresser 
coated 35Kg of seed with insecticide in 30 seconds to an 
efficiency of over 90%. Aggressive mechanization can 
improve the overall output in food production.

Objectives 
The broad objective was to innovatively design, fabricate 
and test a portable wheat threshing machine. 

Specific objectives
• To design a small-scale wheat thresher.
• To fabricate and test the performance of the prototype.
• To manufacture and continually improve the equipment 
as deemed necessary 
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Methodology
Understanding the crop physiology at maturity and 
forces involved while detaching the grain from the ear 
formed the basis of original design while creating room 
for improvement processes. Sketches of the prototype 
and working diagrams were drawn from which a bill 
of quantities was derived. The materials were acquired 
and using the working drawings, materials were cut and 
machined to desired shapes. The parts were assembled 
and prototype tested. Data was collected on; Power 
requirements, Threshing drum speed as a ratio of pedaling 
speed, Winnowing fan speed, Cleaning efficiency and rate 
of output. There are other issues that could be captured 
such as gender inclusiveness of the design, aesthetics and 
consumer acceptability. The chronology of events were 
as shown Figure 1. Some of the data is continually being 
collected.  

Following are the major testing parameters that were 
included: 
 •  Technical Specification 
 • Dimension 
 • Weight 
 • Performance (field capacity, efficiency, losses   
 etc. depending upon the tool/machine for   
 particular operation and crop ) 
 • Durability 

Results 
Power requirements:  0.15KW (0.2 hp)
Threshing drum speed:  500rpm
Winnowing fan speed: 6000 rpm
Average output: 110 kg /hr.

Cleaning efficiency:  85%
Cracking:  < 2%

Special features for the thresher
 • Manually operated
 • Pedaled at 60rpm
 • Easily transportable on a small vehicle
 • Easily assembled for use
 • Operated by two people, one to pedal and   
 another to feed by two people, 

Suggested improvements 
 • Gender bias
 • Drudgery
 • Move from prototype to product
 • Fit wheels
 • Make it multi-crop (Fig. 2) Wheat thresher at an  
 Exhibition KARI-Njoro

Discussion
The power requirement of 0-15KW is the amount of 
energy required to propel the thresher due to inertia 
developed by a drum cum flywheel effect. This amount of 
energy is equivalent to one used to cycle a bicycle on flat 
land. The cost as compared to the conventional thresher 
is only 1/10th. The machine allows a farmer to thresh a 
crop at will as the crop can be preserved in a store when 
sure that it will be threshed. The head loses are reduced 
by timely sickle harvesting, drum loses are low at <2% 
and no cracking was noted so the thresher reduces field 
losses from shuttering and sprouting. That the machine 
can be serviced locally is an added advantage to its 
appropriateness.

 

Fig. 1. Schematic fabrication flow chart

NASIREMBE, OORO, KIRUI  AND MAHAGAYU
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Conclusions
Wheat seed threshing prototype machine was designed, 
constructed and tested. Seed moisture content and 
machine speed significantly affected the performance 
of the machine. Cleaning efficiency of the machine 
increased with the increase in moisture content and 
speed within the range of moisture under consideration. 
The machine still requires improvement on cleaning 
mechanisms to improve. 
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Abstract
Milk production in Kenya is low with an average of 8 litres/cow/day. This attributed to poor dairy husbandry, low 
quality breeds, poor quality and shortage of feeds during dry season. Dissemination of available technologies and 
innovation to overcome the low production has been limited by low staff to farmer ratio 1:2000. As a result, radio 
programs have been recognised as effective pathways of enhancing dissemination of dairy technologies when 
followed by field demonstrations and field days. In order to develop the radio program, a baseline survey was 
conducted in 10 sub counties to identify training needs of farmers. The following needs  were identified; dairy as a 
business, group dynamics, farm structures, breeding, feeds and feeding, animal husbandry, milk quality and value 
addition. From the identified needs a training module was developed. A Radio station broadcasting in Kiswahili 
covering the whole country and the best time of program were identified. At the inception stage, stakeholders were 
sensitized and grouped into thematic areas of training. Individual farmers each group were required to registered with 
KES 100 (USD 1.2) through Mpesa. Thirty interactive radio sessions were aired between 8-9pm on Thursdays. A 
question was posed to farmers to answer through dedicated lines at the end of each session. Each session was followed 
by practical skills development through demonstrations, field days and exchange tours to areas of excellences. 
Certificates and rewards were presented to the farmers who had participated in more than 75% of the sessions. The 
program surpassed its target of 16,360 farmers to reach 23, 000 listeners (31% females 69% males) in seven months. 
As a result, farmers have improved on zero grazing structures, youth groups are pulverizing crop residues as a 
business and demand for improved breeds and AI services has increased making the radio program an excellent tool 
for technologies and innovations dissemination. 

Introduction
Technology development and dissemination has been 
there for a long time in Kenya. After independence in 
1963, most of the African farmers who took over from the 
white settlers were taken through the Farmers Training 
Centres (FTCs). There were few extension agents who 
were visiting farmers. 

As the population increased, better technologies were 
demanded by the small holder farmers.

Dissemination of available technologies and innovation 
to overcome the low production has been limited by low 
staff to farmer ratio 1:2000. As a result, radio programs 
have been recognised as effective pathways for enhancing 
dissemination of dairy technologies when followed by 
field demonstrations and field days. Farming system, 
farmer field schools, commodity approach, common 
interest groups, focal area approach, Radio was used 
(sikio la Mkulima) and sometimes in local languages, 
ICT, Value chain, innovation groups etc were all with 
the aim of increasing adoption of new technologies. 
Several policies were put in place including Agriculture 
Extension Policy and later changed to National 
Agricultural Sector Extension Policy (NASEP).

Objectives use of the radio to disseminate dairy 
technologies in EAAPP .
The impact of the dairy Radio program on small scale 
dairy farmers was assessed, to establish the improvement 
on Dairy productivity as a result of the Radio training.

Methodology
Sample size and Sampling Technique.
 EAAP dairy  districts  were selected using purposeful 
sampling method . 
The target clients were value chain actors in Dairy 
districts. 

Data collection and Assessment tools.
Secondary information received from staff of Dairy 
Training Institute (DTI) and Extension staff in Rift 
Valley was used in planning the Radio program. 
Using structured questionnaires, data was collected 
from farmers by way of face to face interviews. The 
questionnaire was segmented into four major sections;

 • Background information
 • Program awareness and listenership
 • Program content and delivery
 • Application and General issues
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In order to take care of language challenges, the trainers/
survey officers were encouraged to translate the questions 
into Kiswahili where necessary, without distorting 
their meanings. The Dairy Livestock Production Office 
provided livestock extension officers who assisted with 
translation to vernacular where necessary as well as in 
locating the interviewees. 

In this activity EAAPP joint with FAO to implement the 
radio program in different sub counties which were not 
being covered by FAO.
The secondary data collection on five EAAPP countries 
was to find if the farmers received the radio messages, 
which technologies were delivered, and the technologies 
adopted. Using the adoption model of 2.5% innovators, 
13.5% early adopters, 34% early majority, 34% late 
majority and 16% laggards (Rogers, 1964; MEAS, 2013).
 
Data processing and analysis
The data collected was both quantitative and qualitative. 
The data was processed and analysis was done using MS 
Excel. . 
The responses from the field indicate that the training 
program has been a useful tool whose contents are 
educative and applicable, therefore most farmers will 
make use of the knowledge gained to keep improving 
their dairy production. Systematic idea generation 
requires clearly defining a problem-the first step in the 
innovative process-and then seeking the best solution. 
Gaining deep understanding of customer needs, 
converting those needs into clearly defined problems and 
evaluating how developments in one area might affect 
other areas (Nurturing bold ideas in government (Eggers 
et al., 2009)

Results and discussion
 The secondary data was done targeting 420 respondents 
but, however results reflect responses from 464 
respondents. During the presentation and the field 
demonstration, the field staff worked with registered and 
unregistered farmers. The results is a demonstration of 
how that secondary information has helped in planning 
a radio program to have higher results. EAAP used this 
particular baseline to plan and implement dissemination 
processes.

Background information
Gender of respondents. On the secondary information 
based one 464 respondents, 58% were males while 
42% were females. In EAAPP sub districts, females 

form 53.1% and males are 46.9% who registered and 
participated in the training. 

Age of respondents as per secondary information.
Program awareness. Households in the target area have 
radios and individuals listen to radio programs daily. 
However some individuals do listen occasionally because 
of their engagements and activities outside the home. In 
some areas, listenership is low due to weak radio signals 
and poor reception. EAAPP has decided to use a better 
FM radio like Citizen which can be heard in the Region 
(Figure 1).

EAAPP aired the interactive Radio between 8 and 9pm. 
It was observed that many people listened at this time 
including those who did not register (Figure 2 and 3).
In order to assess the frequency of listening to the dairy 
radio program, the respondents were asked to indicate 
how often they listened to the program, the chart below 
shows how often program was listened in for each target 
district:
 
Whereas many respondents got to know about the 
program through the radio, the Ministry of Livestock 
field staffs were quite instrumental in making known 
the program to many individuals who also informed 
the others. Churches provided an important avenue 
for informing individuals about the program. Many 
respondents became aware early enough and started 
listening from the onset even though several indicated 
their inability to listen weekly throughout the training 
period. This implies that most respondents were able to 
listen to most of the topics covered during the training. 
When respondents were not able to tune in and listen to 
the interactive sessions, they sought information from 
fellow farmers in the training groups, livestock field 
officers, and from neighbours. The groups were quite 
useful as they provided a forum listening to programs, 
discussions and demonstrations to complement topics 
aired.

This gave EAAPP a clear opportunity to plan with groups 
or clusters in mind. The staff facilitated the formation of 
these study clubs or clusters.

Program Content and Delivery
A large number of respondents answered questions asked 
at the end of the interactive session, though many were 
not able to answer at all. This was attributed to their 
inability to use SMS service, congestion in the receiving 
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network, or listeners missing the phone numbers. 

Conversely, some respondents were able to ask questions 
by SMS during the interactive session and by calling 
(outside the interactive session), though several were not 
able to ask any questions because of network congestion 
and messages not going through. Respondents expressed 
the reduction in their frequency of answering questions as 
program progressed due to lack of feedback on whether 
answers were correct or not. It is therefore important to 
note that interactive sessions are important to the listener.

Answering of questions at the end of the interactive 
session by respondents
This a good monitoring tool during the sessions. There 
should be a way of getting them answer these questions 
because it is an indicator of active participation.

Asking of questions during the interactive session and 
at other times
This is another indicator of the participation during the 
sessions.

Frequency of answering questions at the end of the 
interactive sessions 
Many respondents did not only listen but also informed 
others about the program, consequently a large number 
of farmers were reached. Within each household, mainly 
the farmer and their spouse listened in other cases the 
children were able to listen alongside.

Numbers of households with varying numbers of 
listeners per session
Many respondents found the timing for the program 
inappropriate as it came too late into the night; 
consequently various suggestions on desired timings were 
made. Respondents also expressed the need to increase 
the time for airing content coverage, to allow for more 
teaching and learning to take place.

Suggested times for airing of program 
Even though many respondents appreciated the present 
language used (Kiswahili), several suggested the use of 
vernacular to complement. Some respondents emphasized 
the desire to use both English and Kiswahili to 
communicate the technical terms and explain the terms.
The respondonents also approved of this time as chosen 
by previous listeners (Figure 9, 10).

Application of ideas from program and general issues
Almost all the respondents obtained new/fresh 
knowledge on issues in dairying or emphasis on 
previously little known issues, this made the farmers 
more knowledgeable. Many respondents were keyed up 
about the improvements they have since realized upon 
implementing or putting into practice the newly learnt 
ideas

New idea(s) gained from the radio training in EAAPP 
and FAO funded districts 
Many respondents have implemented some of the ideas 
learnt during the training which ranged from; pasture  

Table 1. Feeding and Nutrition and Daily registration 
Feeding and Nutrition Dairy legislation 
Artificial Insemination  Milk quality control tests 
Pasture and fodder establishment and 
management Flushing, steaming up 

Milk Storage and preserving milk 
Feeding animals on balanced diet and feeding 
supplementation 

Disease control i.e. Mastitis control, milk fever 
control Group formation and group dynamics 
Dairying as a business Keeping of records 
Calf rearing, including artificial colostrum 
making Environmental impact of dairying 
Clean milk production, storage, preservation and 
containers Value addition in milk 
Dairy breeds Treating animals according to body weight 
Upgrading the animals already in the farm using 
A. I. Dairy farming systems 

Animal welfare 
Pasture and Feed conservation and storage i.e. silage 
making 

Milk marketing and milk bulking Dehorning 
De-worming of animals Feed formulation, and feeding animals on dry feeds 

Enhanced dissemination through radio - A success story in dairy in Kenya
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establishment, pasture and fodder conservation, de-
worming, clean milking, milk bulking and marketing 
and calf rearing. Some respondents in the secondary data 
however faced challenges in carrying out certain practices 
such as appropriate milking procedure and thus expressed 
the need for such demonstrations. The EAAP districts 
took note of this and took these demonstration keenly.
A number of issues were covered from time to time in 
the radio program on several aspects in dairying. The 
respondents were asked to indicate how adequately these 
issues were covered. Below is a table summarizing results 
from total of “adequately”, “slightly” and “inadequately” 
covered. 

farmers. 

The relevance of topics covered. Respondents expressed 
the need for a repeat airing of the topics covered during 
the radio training program. The chart below shows the 
preference of repetition of the topics. This was mainly 
because they were not able to listen consistently to cover 
all the topics whereas some of them learnt of the program 
late and thus were not able to listen to all the topics.
 In this particular time, the irrelevant sessions as per the 
previous district were revised and users involved in the 
choice of the topics.

 

Table 2. Steps taken to improve milk production after listening to program 
 

Specific challenges in Dairy farming not addressed by the training 
Pasture establishment and management e.g. sorghum, Helba roots, 
Sudan grass, desmodium and Lucerne 

Dug borehole for watering cows 

Clean milk production Feeding on balanced diet Feed rationing 
Artificial Insemination implemented Done ear tagging 
Milk marketing, selling milk to cooperative and selling milk as a group  Fodder preservation 
Bought feed cutter and grinding fodder Established fodder trees 
Mastitis control Registered all animals (7) 
Dewormed animal then animal came on heat (fertility improved) Dry matter feeding 
value addition Sold poor cow and bought dairy cow 
Constructed zero grazing unit Bought a second animal 
Separated calves from cows; calf rearing Dehorning 1 calf 
Sold bulls Castration ; 2 calves 
Hay making Joined a group for dairying program 
Supplement feeding Giving animals water ad-libitum 
Constructed feeding troughs Frequent feeding , adhering to cleanliness 
Milk production improved from 7lts to 16 lts due to proper feeding Improved dairy unit 
Bucket feeding of calves, and calf pellets and other dry matter Storage of feeds to use during dry season 
Controlling movement of animal Silage making 

 

Table 2. Steps taken to improve milk production after listening to program 
 

Specific challenges in Dairy farming not addressed by the training 
Pasture establishment and management e.g. sorghum, Helba roots, 
Sudan grass, desmodium and Lucerne 

Dug borehole for watering cows 

Clean milk production Feeding on balanced diet Feed rationing 
Artificial Insemination implemented Done ear tagging 
Milk marketing, selling milk to cooperative and selling milk as a group  Fodder preservation 
Bought feed cutter and grinding fodder Established fodder trees 
Mastitis control Registered all animals (7) 
Dewormed animal then animal came on heat (fertility improved) Dry matter feeding 
value addition Sold poor cow and bought dairy cow 
Constructed zero grazing unit Bought a second animal 
Separated calves from cows; calf rearing Dehorning 1 calf 
Sold bulls Castration ; 2 calves 
Hay making Joined a group for dairying program 
Supplement feeding Giving animals water ad-libitum 
Constructed feeding troughs Frequent feeding , adhering to cleanliness 
Milk production improved from 7lts to 16 lts due to proper feeding Improved dairy unit 
Bucket feeding of calves, and calf pellets and other dry matter Storage of feeds to use during dry season 
Controlling movement of animal Silage making 

Adequacy in the coverage of topics in first session. 
The EAAP district and the team making the module for 
the second session recorded this and as shown in the 
modules, these topics were given adequate sessions. The 
Dairy herd management had 11 sessions, Animal welfare 
3 sessions, Dairy Hygiene, milk quality assurance and 
value addition had 8sessions Dairy and environment 
one session while dairy commercialization and group 
dynamics.

The respondents showed that the topics covered in the 
training were relevant and therefore helpful in dairying, 
therefore farmers were able to apply the knowledge 
gained. Relevance in this case implies that issues covered 
were of much significance and of great importance to 

Preference of topics requiring repeat training. Several 
respondents indicated that there were certain challenges 
in dairy farming that the training did not capture. A few 
individuals indicated issues in dairy goat farming, while 
others expressed the need to cover value addition in milk, 
biogas plant design and construction, farm planning and 
layout, feed formulation, advice on financial sourcing and 
establishment of co-operatives. Most of the challenges 
expressed however were components of topics covered 
in the training, but missed by respondents because of 
inability to listen to all topics.

Looking at the invetorized technologies and innovations 
by EAAPP, most of the above can be answered by the 
adoption of those technologies. The extension staff 
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in each area should come with cost of production and 
calculate the cost benefit analysis. However, most of 
the respondents explained that they already realized 
improvement in their dairy production, ranging from 
improved livestock health, calf health, feed conservation 
and availability, milk marketing, clean milk production 
and amount of milk produced per cow per day. This has 
greatly motivated the farmers to apply the knowledge 
obtained in the training while inspiring those who had not 
been initially keen.

Growth and improvement in dairy production in the 
target districts following the 1st dairy radio training. 
From the secondary information the respondents/farmers 
have initiated activities to help them improve dairy 
production following the radio training. The table below 
represents the steps already taken to improve dairy 
production in all dairy areas including EAAPP pilot 
districts.

Farmers opinions on usefulness and applicability of 
knowledge gained during radio training were recorded as 
follows

Session 1: Dairy Commercialization, objective(s)
 • Understand the Importance of dairy in the Kenyan 

economy
 • Enable participants identify business opportunities

Subtopics
 • Dairying as a business 
 • Business enterprises in the dairy value chain
 • Farm Records

Session 2: Dairy breeds in Kenya, Objective(s) 
 • Enable farmers identify dairy breeds
 • To enable farmers make best choice of dairy cows 

based agro ecological zone 

 

Table 3. Challenges raised by previous study in dairying expressed by respondents 

Specific challenges in Dairy farming not addressed by the training 
A.I. services breed Manure collection/ Biogas/ Waste from the unit 
Zoonotic and milk borne diseases, disease symptoms and 
disease detection  

Feeding during dry season 

feed formulation Importance of dairy registration 
Dairy legislation contract milk marketing 
Value addition in dairy production (Demonstrations) Constructing zero grazing Unit and other farm 

structures 
Other animal diseases Financial support 
pasture and fodder establishment, management, 
utilization and conservation 

Calf rearing 

feeding program Milk transportation 
breeding program Improved pastures and their availability to farmers 
poultry farming` Impact of dairying on the environment 
Farm planning Effect of milk stimulus in animals 
Destocking Water harvesting and storage 
Leguminous trees for soil rejuvenation Dairy breeds 
Separation of cow from calf Milk prices versus inputs 
Goat milk production Co-operative societies 
Where to get good dairy cows and what price More demonstrations and follow-ups 
Milking program and techniques; Eye infections New technologies in dairy farming 
Poisoning in animals Parasite control 
Breed to pedigree and registration Creating awareness in communities to ensure 

controlled breeding 
De-worming and Parasite control Retained placenta 
Tick control and tick borne diseases Vetch, how much and when to feed 
Handling excess milk during peak production Animal Health management 

Enhanced dissemination through radio - A success story in dairy in Kenya
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Fig. 1. Respondents interviewed per district by gender Fig. 1. Respondents interviewed per district by gender

 

Fig. 1. Age category of respondents 

Over 50 yrs = 143; Age not clearly marked = 4; 

Fig. 1. Age category of respondents

Fig. 2. General listenership to radio programs

 

Fig. 2. General listenership to radio programs 
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Fig. 3. Level of listenership to the daily short sessions/presentations

 

Fig. 3. Level of listenership to the daily short sessions/presentations 

Fig. 4. Means by which respondents became aware of the program

 

Fig. 4. Means by which respondents became aware of the program 

Fig. 5. Topic listened to when respondents tuned in for the first time

 

Fig. 5. Topic listened to when respondents tuned in for the first time 
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Fig. 6. How respondents obtained information on topics missed

 

Fig. 6. How respondents obtained information on topics missed 

Fig. 7. Frequency of answering questions at the end of the interactive sessions

 

Fig. 7. Frequency of answering questions at the end of the interactive 
sessions 

Fig. 8. Numbers of households with varying numbers of listeners per session
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Fig. 9. Response on appropriateness in the time for airing of the program for all the districts

 

Fig. 10. Suggested times for airing of program 

Fig. 10. Suggested times for airing of program

Fig. 10. Suggested times for airing of program

 

Fig. 11. Opinions of framers on usefulness and applicability of knowledge gained during radio training 

Enhanced dissemination through radio - A success story in dairy in Kenya
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Subtopics
 •  Types of cattle
 • General characteristics of dairy breeds
 • Choice of a dairy breed

Session 3: Dairy cattle breeding, Objective(s)
 • To enlighten farmers on goals and breeding methods
 • To inform farmers on registration requirement for 

dairy animals

Subtopics 
 • Goals of breeding dairy cows
 • Methods used to propagate desired traits
 • Dairy cattle grading and registration
 • Upgrading process

Session 4. Dairy Production Systems, Objective(s) 
 • Enable farmers understand various production 

systems based on the agro - ecological zones

Subtopics 
 •  Types of production systems
 • Importance of zero grazing system

Sessions 5, 6, 7, 8 and 9: Pasture, Fodder and MPTs, 
Objective(s)

 • Understand agronomic practices and utilization of 
common of pastures, fodder and MPTs 

Subtopics 
 • Common pastures, fodder, MPTs (Establishment, 

Management, utilization)
 • Pasture conservation

Session 10, 11 and 12: Feeding of Dairy Animals, 
Objective(s)

 • Understand how to feed milking cows and heifers

Subtopics
 • Feeding systems
 • Feeding milking cows
 • Feeding Heifers

Session 13 and14: Heat Detection and Calf Rearing, 
Objective(s) 

 • Understand signs of heat
 • Understand calf management
 
Subtopics
 • Heat detection

 • Calf management (housing, hygiene, feeding, 
common calf diseases)

Session 15 and 16: Dairy Animal Welfare Assessment, 
Objective(s) 

 • Understand common diseases/conditions, their 
prevention and control

Subtopics
 • Common diseases/conditions, signs, prevention/

control measures (East coast fever, Anaplasmosis, 
Babesiosis, Foot and mouth diseases, Milk fever) 

Session 17: Milk Borne Diseases, Objective(s)
 • Understand common milk borne diseases

Subtopics 
 • Diseases: Tuberculosis, Brucellosis, Salmonellosis, 

RVFTuberculosis 

Session 18 and 19: Clean Milk Production, Objective(s)
 • Understand characteristics of good quality milk
 • Understand conditions for producing good quality 

milk

Subtopics
 • Essentials of good quality milk
 • Milking procedure
 • Sources of milk contamination.

Session 20 and 21: Milk Collection and Preservation, 
Objective(s)

 • Understand requirements during milk handling
 • Understand milk preservation methods 

Subtopics
 • Bulking of milk
 • Containers for milk collection
 • Transportation of milk
 • Personnel handling milk
 • Preservation (Cooling methods)

Session 22 and 23: Quality Assurance of Milk, 
Objective(s)

 • Understand conditions for maintaining milk quality

Sub Topics
 • Code of practice during milk production
 • Hazards associated with milk production
 • Application of GAP in milk production 
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 • Milk grading tests 

Session 24: Nutritional Aspects of Milk, Objective(s)
 • Understand milk components
 • Understand the role of milk components from 

different species (cow, goat, camel) 

Subtopics
 • Composition of milk
 • Role of milk in human nutrition 
 • Functional benefits of milk (cow, goat and camel).

Composition of milk

Session 25: Dairy Regulation, Objective(s)
 • Understand dairy related Acts and their roles in 

relation to milk safety, dairy trade harmonization and 
reduction of post harvest milk losses

 
Subtopics
 • The Dairy Industry Act Cap 336 
 • The Public Health Act cap 242
 • The Food, Drugs and Chemical Substances Act cap 

254 
 • The Standards Act cap 496 

Session 26: Value Addition, Objective(s) 
 • Understand reasons for value addition

Sub Topics
 • Establishing cottage industry,
 • Group bulking and cooling. 

Session 27 and 28: Impact of Dairying on Environment, 
Objective(s) 

 • Create awareness on the effects of dairying practices 
on the environment.

Subtopics
 • Use of farm yard manure and slurry
 • Safe use of drugs & chemicals
 • Effects of dairy wastes on environment
 • Biogas production

Session 29 and 30: Milk Marketing and Group 
Dynamics, Objective(s)

 • understand the role of marketing channels on milk 
returns

Subtopics
 • Marketing channels

 • Group dynamics

Summary
 • Radio is a useful tool in the ICT era.
 • As a communication tool radio improves farmers’ 

decision-making by providing relevant information 
necessary for:

 • Its most penetrative and accessible medium of 
communicating with farming households.

 • Encourage young generation and urban citizens to 
take interest in careers related to agriculture.

 • Promote farmers groups through focused group 
discussions.

 • Create linkages between training institutions, 
extensionists and other dairy stakeholders.

Certificates and rewards were presented to the farmers 
who had participated in more than 75% of the 
sessions. The program surpassed its target of 16,360 
farmers to reach 23, 000 listeners (31% females 69% 
males) in seven months and in 89 districts. 

 • FAO supported 10146 (10 districts)
 • EAAPP supported 3112 (5 districts)
 • Other districts > 10,000 across 89 districts in the 

country against a class of 30 in DTI.
 • From diffusion theory the adoption of 143,750 at least 

gotten information.

As a result, farmers have improved on zero grazing 
structures, youth groups are pulverizing crop residues as a 
business and demand for improved breeds and AI services 
has increased making the radio program an excellent tool 
for technologies and innovations dissemination.

Recommendations
 • Radio training need to be entrenched in dissemination 
services.
 • Radio should be used in the region and should be part 
of the regional planning.
 • Radio internship should be followed by organized 
group discussions and demonstrations (multi channel 
communication)
 • Interactive sessions are more informative than use of 
the pre-recoreded features “Mbinu za Mkulima”
 • Age and Gender categories of respondents were also 
considered in each district.
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Increasing dairy productivity and profitability through agribusiness interventions in 
Imenti South
Kiboi, M. DLPO

 Imenti  South District 

Introduction
The dairy sector is very important in that it contributes to 
the economies of both the developed and the developing 
countries of the world. However, there are big variations 
in production systems and productivity between the two. 
In the developed countries, the production is mostly by 
large scale enterprises with competitive management 
systems and high uptake of technology and big capital 
outlay while in the developing countries it is largely by 
small scale farmers with minimum management skills, 
limited access to capital and low access to information. 
This has resulted in disparities in production levels in 
developing and developed economies. Studies have 
shown that Argentina produces 3,500 litres /cow/year, 
Germany 7,100 and USA 9,000 litres/cow/year (EADDP, 
2008) and Australia 5,750 litres/cow/year, China 3,700 
litrers/cow/year, India 956 litres/cow/year, Newzeland 
3,868 litres/cow/year (FAO, 2010). India is the biggest 
producer of milk in the world while Newzeland is 
the world’s largest exporter of dairy products. In the 
European Union, member countries production of milk 
is through allocation of quotas per country and therefore 
production is pre-determined. 
In Africa, Kenya is among the big producers of milk. 
South Africa has the most efficient production system 
and produces 2,500 litres per cow annually compared to 
800 litres per cow annually in Uganda, 1,000 in Tanzania 
and 1,800 litres per cow annually in Kenya (FAO, 2010). 
The Kenyan dairy industry can be benchmarked to 
dairy industries in China, India and Australia. All these 
countries have a production system similar to the one in 
Kenya which is low cost because they are  based on rain 
fed pasture production while China and India have a dairy 
sub sector dominated by smallholders and increasing 
milk production is based on increases in cattle population 

rather than production per animal (GoK, 2010).

In Kenya, the dairy industry is the single largest 
agricultural sub-sector (Muriuki et al, 2004). It 
contributes 14 percent of agricultural GDP and 3.5% 
of total GDP (GoK, 2008). Milk production in Kenya 
is predominantly by small scale farmers, who own one 
to three animals, and produce about 80% of the milk in 
the country (Wambugu et al., 2011). According to the 
Kenya dairy master plan (GoK, 2010) over 1.8 million 
households are involved in milk based enterprises. 
However, despite this high level of involvement by a 
large number of  households, the dairy sector is still 
faced by low productivity, low profitability and slow 
enterprise growth. This  can be attributed to  low levels 
of commercialization,  most likely stemming from poor 
enterprise culture, poor business management skills, 
limited capital and poor access to extension services. 
Imenti South with a dairy herd of about 40,000 cattle 
and 37,000 households involved in dairy production, 
produced an average of 2,100 litres per cow in the year 
2011 which was slightly above the national average of 
1,800 litres per cow annually. It is estimated that 20,000 
households are smallholder dairy farmers (MOLD, 2011).
The dairy farming businesses in Imenti South are 
characterized by both low productivity and profitability, 
inspite of the potential of the dairy cows to produce 
up to 6,000 litres milkper cow annually. The average 
production is 2,100 litres per annually which might be 
due to poor business management caused by inadequate 
agri- business management skills and inadequate 
extension services among other factors. This paper 
reviews the potential for increasing productivity and 
profitability of dairy sub-sector through agribusiness 
interventions in Imenti South.   

Table �. Size of farms
Acreage   Frequency Percent Cumulative Percent
below 0.5 acres  30  �7.4  �7.4
0.5- �acres   55  3�.0  49.4
�.� - � acres   38  ��.�  7�.5
�.� - 3 acres   ��  ��.8  84.3
3.� - 4 acres   ��  6.4  90.7
4.� - 5 acres   6  3.5  94.�
above 5acres   �0  5.8  �00.0
Total    �7�    �00.0 
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After analysis of the milk value chain in the stakeholders’ 
workshop, the following gaps were identified: 

1. Poor animal nutrition as a result of inadequate feeding 
of the dairy cattle with roughages and concentrates 
(supplements)

2. Poor livestock breeding resulting to inbreeding, 
prolonged calving intervals and repeat inseminations.

3. Low productivity and profitability of the dairy 
enterprises

4. Low levels of commercialization of dairy enterprises
5. Outbreaks of notifiable diseases 

This information from the stakeholders’ workshop was 
corroborated later with research done by Kiboi (2012) 
which concluded that although majority of the farmers 
(70.8%) kept dairy cattle for commercial purposes, only 
20.7% made profits out of their enterprises while the 
rest operated at subsistence level. The data was collected 
through a structured questionnaire administered to 172 

Gaps/challenges identified in the dairy value chain in 
2011
A stakeholder workshop was organized in November, 
2011 with support of EAAPP. Participants were drawn 
from a wide range of value chain actors including 
livestock farmers, dairy societies, Livestock feed 
suppliers, agro-vet suppliers, farmer groups, agro-
processors, government departments and financial 
institutions.

households drawn from a sample frame of 5993 farmers 
who constituted all the dairy farmers selling milk through 
cooperative dairy societies or milk marketing groups 
in Imenti South district. The following are excerpts of 
findings. 

Most dairy farmers (71.5%) get an average of less than 
KES 10, 000 from dairy farming every month as opposed 
to only two farmers (1.2%) sampled who claimed that 

their monthly earnings were between KES 40,000 and 
KES 50,000 per month. None of the sampled respondents 
earned more than 50,000 per month. Only 5.2% earn 
above KES 20, 000 per month.

Most of the dairy farmers had attended little or no 
training on business management, with a cumulative 
79.1% of the respondents having had none, few or very 
few trainings in this area. Only 4.7% of the respondents 
claimed that they had attended very many management 
trainings.

Majority of the respondents had less than 2 acres of 
land, representing a cumulative total of 71.5% of the 
total sample taken. Only 5.8% of the respondents had 
more than 5 acres of land. This means that, for any 
dairy farming business to be successful in the district, 
the farmer must use modern farming methods involving 
high intensification, fodder production and incorporate 
feed importation from outside the farm in the business 

Table �: Business management trainings attended
Trainings   Frequency Percent Cumulative Percent
none    43  �5.0        �5.0
very few   46  �6.7        5�.7
few    47  �7.3        79.�
many    �8  �6.3        95.3
very many   8  4.7        �00.0
Total    �7�    �00.0 

Low levels of commercialization
Table �: Average monthly income of dairy farmers
Income   Frequency Percent Cumulative Percent
below �000   9  5.�  5.�
�00� - 9999   ��4  66.3  7�.5
�000� - �9999    40  �3.3  94.8
�0000 - �9999      4  �.3  97.�
30000 - 39999      3  �.7  98.8
40000 - 49999      �  �.�  �00.0
Total    �7�    �00.0 
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plan. This is especially important given the fact that 
70.9% of the dairy farmers are also involved in cash 
crop and horticulture farming making land available 
for dairy farming even more scarce. This situation led 
to underfeeding of the dairy animals and hence low 
productivity.

Opportunities identified in the research
The biggest category of farmers interviewed (32.6%) 
were aged 31-40 years. The respondents below 40 years 
are 36%, those below 50 years were 59.9 % and those 
below 60 years were 70.3%.This is significant given the 
average age of farmers in Kenya as documented in the 
agricultural development strategy 2010 to 2020 (GoK, 
2009) at 60 years. This means dairy farming in Imenti 
South Sub county is appealing to younger farmers and 
may be used to address the age disparities among farmers. 
This may be linked to land ownership where the youth 
are able to keep dairy cattle on small parcels of land 
under the zero grazing management system and sourcing 
the fodder from outside the farms.

The youth population in Kenya is 60% according to 2009 
population census and therefore dairy farming may be 
used to address the perennial national problem of youth 
unemployment. This can be achieved by unlocking the 
great potential in dairy farming by addressing the issues 
constraining productivity and profitability of the dairy 
farming businesses.

Most of the dairy farmers (60.4%) had above secondary 
level of education. A further 2.3% of the respondents had 
gone up to university level. This indicates a big potential 
to use modern approaches to extension encompassing 
information communication technology (ICT) and an 
ability to run profitable dairy businesses with appropriate 

support because the majority of farmers have no 
limitation in reading and writing.

However, this ability is not reflected in the business 
records kept as most of the dairy farmers (87.8%) keep 
scanty, very scanty or no records. This implies a need 
for training in this aspect of business management to 
the dairy farmers and possibly to the extension service 
providers. 
Objectives of the project in the sub-County
Overall goal: Increase average dairy cattle productivity 
from 8Litresper cow per day to 12litresper cow per day 
by 2015.

Specific objectives
•  Improve livestock feeding(roughages and 

concentrates)
• Increase fodder production by 300 acres of improved 

varieties  by 2015 and improve utilization and 
conservation by making100 tons of silage annually 

• Increase pulverization of crop residues  by pulverizing 
200 tons   annually

• Improve supply of quality hay by 15,000 bales annually 
and stabilize price at KES 250 down from KES 350  
per bale of hay

• Improve animal breeding through recording and use of 
A.I 

• 3000 dairy cows registered in Kenya stud book  by 
2015

• 3 A.I schemes established and increase use of sexed 
semen

• Improve dairy business management
• Improve marketing of hygienic milk
• Develop 50 dairy farming business plans by 2015 
•  Establish two model farms per division giving a total 

of six

Fig. 1. Age classes of dairy farmers in Imenti south district
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• Increase number of farmers graduating to commercial 
dairy farming

• Increase number of groups undertaking sustainable 
agri-business

• Reduce incidences of notifiable diseases outbreaks by 
100%

• Carry out vaccinations against foot and mouth disease, 
black quarter and anthrax

• Set up sustainable revolving fund to finance 
vaccinations

Implementation strategy working with groups
Due to the low number of livestock extension staff as 
compared to the number of livestock farmers (ratio of 
1:2000), the district adopted the group approach as the 
main extension methodology to reach as many farmers 
as possible with technical packages and information. The 
strategy has been to work with groups of dairy farmers 
with average of 30 members per group according to 
their needs to address gaps in the Dairy value chain. The 
approaches used to disseminate the information include 
farmer field schools, farmer to farmer (model farms) 
extension, radio programme extension groups, common 
interest groups, marketing groups, demonstrations and 
field days.

Flagging Business opportunities
Flagging the gaps identified as business opportunities 
through introduction of new technologies, business 
management skills and access to information has been 
a major strategy. Examples include pulverization of 
crop residues, hay farming and supply, tick control, 
feed formulation and A.I. All these activities have been 
taken up by various groups who have set up businesses 
to address these challenges by offering innovative ways 
of tackling the challenges. An example is inadequate 
supply of livestock feed resulting to fluctuations in 

milk production and high cost of the feeds during the 
dry seasons. This was taken up by the Vision youth 
group who have been supplying hay throughout the 
year lowering the price from KES 350 to 250 per 
bale. The group has supplied 2,500 bales of hay in the 
last 10 months. This has also encouraged individual 
entrepreneurs to take up the business resulting to 
improved supply of the livestock feed. The main 
advantage of using the business approach is that it   
ensures profitability and sustainability.

Improved business management 
This has been achieved through business planning, model 
farms and business management and entrepreneurship 
trainings to farmer groups, individual farmers and agri-
business groups

Environmental safe guards
Environmental social safe-guards have been ensured 
by mainstreaming environmental issues, for example, 
training farmers on safe use of chemicals, having trained 
youth carrying out tick control as a business which 
ensures proper usage of the acaricides and disposal of the 
empty containers.

Gender mainstreaming
Gender issues have been mainstreamed by purposively 
empowering youth groups to take up agri-business 
opportunities and by encouraging participation of women, 
the aged and persons with disabilities in the project 
activities. The other strategy has been to train all groups 
in gender mainstreaming issues.

Success stories (Main Achievements)
Breed improvement
Karau SHG and Mutonga FFS were supported with AI 
kits, semen and other accessories and started offering the 

Fig. 1. Age classes of dairy farmers in Imenti south district
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service to their members and other farmers. Each of the 
groups has employed an A.I technician. Marimba farm 
is also offering an A.I outreach programme. Another 
activity to support the breeding programme is registration 
and recording of dairy cattle. A total of 320 animals from 
the district have been registered in the Kenya stud book.
Livestock feed and feeding improvement
Demonstrations on crop residue value addition through 
pulverization were carried out and a total of 500 tonnes 
of crop residues have been pulverized. Another aspect 
in improving feed supply has been increasing the supply 
of good quality hay and stabilizing the prices at an 
affordable rate even during the dry period. The increased 
supply of hay at a lower price through Vision youth 
group from KES 350 to 250 which has resulted to greater 
utilization of the feed by dairy farmers in the sub county.           
Feed formulation trainings especially total mixed rations 
have been going on for both Staff and farmers. This 
has been with a view of improving ration formulation 
at home and setting up advanced feed centres. Three 
feed centres have been establishment and are already 
supplying feeds to farmers. These will be improved to 
offer full rations using the feed material available in the 
sub county with support from KARI. Towards this end, 
they have acquired two pulverizers and a feed mixer have 
been acquired.

Agri-business groups activities
Various interventions for agri-business capacity building 
and support have been undertaken to set up businesses by 
the following groups to address the gaps identified.

• Vision youth group- Feed business
• Mount Kenya foundation youth group-Tick control
• Mucege hortmill farmer field school-Tick control, feed 
business, commercial dairy farming
• Meru blind and associates youth group-Tick control
• Karau self help group-A.I
• Mutonga self help group-A.I, feed business and 
commercial dairy farming

Disease control
• Two Vaccination campaigns and a revolving fund have 
been established which has grown from KES 260,000 to 
394,000 in one and half years.
Increased acreage of improved fodder and pasture     
• Rhodes grass demonstration plots-17 acres
• Fodder shrubs
• Lucerne and desmodium& fodder shrubs demonstration 
plots-6 acres

• Improved Napier grass (Kakamega 1, Kakamega 2 and 
Kakamega 3)-30 acres

Milk marketing and value addition
• Training on clean milk production
• Milk bulking

 Radio dairy training program
One thousand and forty four (1044) farmers were trained 
on all aspects of dairy farming through the radio and 
demonstrations and clarifications carried out by frontline 
extension staff. This approach helped a lot in reaching 
many dairy farmers in a short period of time.

Vision Workmanship Self help group
This is an example of how the youth without access to 
land and with limited capital can be supported to venture 
into agri-business. Vision Workmanship Self help is a 
youth group composed of fifteen members (15), nine 
females (9) and six males (6). The group was formed in 
January, 2012. It was registered under the Ministry of 
Gender, Children and Social Development. Its mission 
is to bring together young men and women to be able to 
uplift the welfare of its members. The members started 
a merry go round as a form of saving which quickly 
graduated to table banking. Through agribusiness 
interventions by training the group members on 
entrepreneurship, networking, financial management the 
group identified the rapid growth of livestock faming and 
noted the challenge of intermittent supply of livestock 
feeds especially during the dry season. The group started 
a feed centre at Kaguru Agricultural Training Centre 
where it sells high quality hay at cost contained prices. 
The hay is sourced from the neighbouring Laikipia 
County where the group has established linkages with 
farmers, Farmer’s cooperatives and groups involved in 
commercial hey production. 
 
The Gap being addressed by the group
The group identified shortage of livestock feeds by 
farmers as a challenge needing attention.  This is because 
most of the farmers do not have reserve feeds and usually 
depend on the small size farms to grow napier grass. This 
has been affected by the unfavourable weather condition 
brought by climate change. The farmers experienced very 
low production and made losses due to the high cost of 
feeds hindering enterprise growth.
Objectives
• To establish   distribution points for supply of different 
livestock feeds.

Increasing dairy productivity and profitability through agribusiness interventions in Imenti South
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• To ensure purchasing in bulk to achieve economies of 
scale and be the major supplier of livestock feeds in the 
county.
• To diversify the business to engage in feed formulation 
and crop residue value addition through pulverization
• To empowerment of the group members and other youth 
in the community

Activities undertaken by the group
The group started purchasing and supplying high quality 
hay as its primary product. This included sourcing for 
high quality, cost contained hay from the producers. 
The group has a capacity sufficient to supply the entire 
sub county and its neighbors throughout the year. Also 
the members have been engaged in purchasing of crop 
residuals from farmers and processing them. The group 
procures the hay in large quantity during the high supply 
season and stores it for supply during the dry season 
or when there is high demand for it. The farmers are 
now able to access feeds throughout the year to ensure 
constant production at an affordable cost.

Achievements
The group was composed of members who were engaged 
in micro businesses and others unemployed. Through 
the members’ contribution and the support of East Africa 
Agricultural Productivity Programme (EAAPP) the group 
has managed to increase hay stock and has a continuous 
supply of the product. In addition, from the profit of the 
agribusiness members have accessed loans to expand 
their micro-businesses.  With the business situated at 
Kaguru Agriculture Training Center (KATC), farmers 
and Self Help Groups (SHG) have been able to access the 
product easily and consistently at an affordable price. The 
farmers and the S.H.G have also been able to acquire free 
trainings on livestock production. The group is offering 
leadership to other youth groups in the sub county. 
Through the agri-business model, the group members are 
able to access loans from Youth Enterprise fund (YEF) 
and Women Enterprise Fund (WEF).Through training 
by the State Department of livestock, the group is able 
to identify the high quality hay. The youth group has 
managed to employ two members to handle day to day 

Plate 1 Vision workmanship youth group being trained by the DLPO- Imenti South, Mr. Kiboi

Plate 2 Vision workmanship youth group’s Hay store at Kaguru ATC
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running of the business, and the agri-business has made 
sales of KES 366, 470, with expenses of KES 262, 440 in 
a period of 10 months.
 
Muchege Hortmill Farmer field school
The group is located in Mikumbune location, Nkuene 
ward, Imenti South Sub County in Meru County. The 
group started as a merry go round and registered with 
the social services in the year 2009 .The group started 
collaborating with the ministry of livestock Development 
and were trained on dairy management through FFS. 
This entailed meeting the group members for at least one 
hour every week for one year with a clear curriculum 
of the training. This greatly improved the capacity of 
the group members to understand new information and 
adopt new technologies. The group has 24 members 
(9 women, 12 men, 3 youth). The main agri-business 
intervention carried out by this group is commercializing 
their dairy enterprises. This has been achieved through 
improved animal nutrition by introduction of improved 
varieties of fodder, diversification of fodder production, 
improved feed formulation and conservation of surplus 
fodder. In addition, farmers were trained on improved 
animal husbandry, business management, marketing and 
intensive farming methods.

• Twelve members have installed hot water system
• Members have good nutrition for their families
• Ten members took children to boarding school: six in 
academies five in secondary and four in  colleges
• Members registered their animals in Kenya stud book
• One member acquired  a clothes washing machine
• Six members purchased motorized chaff cutters and 
two others purchased motor bikes for animal feed 
transportation.

Nicholas Mbijiwe Farm- a dairy agribusiness model farm
The farm is situated in Mikumbune location, Nkuene 
Division. The 4 acre farm is utilized as follows; 1.5 acres 
under horticulture crops, 0.75 acres under fodder crops 
and 1.25 acres under homestead and zero grazing unit. 
Between September 2012 and September 2013 the farmer 
produced 27,036 litres of milk.

EAAPP intervention
The interventions have been on business planning as the 
farmer was developed to a model farmer and also trained 
on feed formulation. In may 2012, the farmer attended 
a one week training on animal feed formulation in dairy 
training institute, Naivasha. Although the farmer was 
formulating homemade rations, the knowledge acquired 

Plate 3. Vision workmanship group demonstration on 
pulverization

 

Plate 1. Presentation of certificates to members of Hortmill Self Help Group after 
training 

Plate 3. Vision workmanship group demonstration on 
pulverization

This group is a clear example of how households can 
be transformed through commercialization of dairy 
farming by disseminating appropriate information and 
technologies using business interventions approach to 
close the gaps in the dairy value chain. This essentially 
calls for long term engagement with the farmers.

Interventions and achievements
Impact of project on group members
• Twenty one members installed electricity using 
proceeds from dairy farming

enabled him to improve on the quality of rations made for 
his animals and neighbouring farms. Between December 
and April 2013 the farmer pulverized feed stuffs such as 
maize cobs, sunflower seeds, cotton seeds and other crop 
residues worth KES 166,521 for making animal feeds. 
From the skills acquired, good business management 
practices and good animal husbandry the farmer has been 
able to increase his average daily per cow production 
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from 12 to 16 kg, with the highest producing animal 
giving 35 kg daily. In the last 5 months, the farmer 
produced and sold milk worth KES 201,452  with 
the variable  cost totaling to KES 72,164, making a 
gross profit of 128,288 KES 25,657 monthly. Other 
interventions have been registration of animals with the 
Kenya stud book, control of livestock diseases through 
spraying, and vaccination of animals. 

Benefits to other farmers
The farm has been used for farmer to farmer training 
reaching 252 farmers (124M, 128F) in six months from 
within and outside Meru County with farmers coming 
from as far as Tanzania.

Conclusion
• Agri-business interventions like business planning, 

model farms, business approach to addressing the 
challenges in the Dairy value chain can be used to 
increase productivity and profitability of the dairy 
enterprises sustainably.

    Table 2. EAAPP Interventions 
Issues Identified Interventions  Achievement  
Wide spread cases of silent 
heat leading to prolonged 
calving interval. 

Capacity building on 
breeding and  feeding  

Improved dairy management leading to reduced 
calving interval. 

Use of poor breeds due to lack 
of know how 

Trained on breeding 
technology e.g.  A.I 

Increased no. of improved breeds  
 
increased milk production 

Inadequate feeds Trained on fodder and 
pasture management, 
trained on crop residue 
utilization 

18 tons of crop residue pulverized 
 
Fodder acreage increased 
Feed diversification use of calliadra, 
desmodium, sweet potato vines in feeds 

Wide spread cases of milk 
reject due to poor milk  
handling  

Trained on hygienic  milk 
production 

Members have adopted the practice 
 

Irregular milk production due 
to irregular feeding 

Trained on feed 
conservation in form of 
hay and silage 

Members have adopted the technology   
Have a hay store for members and non members 

Poor rationed feed due to lack 
of technical knowhow 

Trained on feed 
diversification i. e use of 
leguminous and MPTs in 
feeds 

Increased milk production 
Reduced calving interval 
Improved animal health 

High livestock mortality rate 
due to tick borne diseases. 

Trained on safe  use of 
acaricides to control tick 
borne diseases 

Improved pest and disease control  leading to 
healthy animals 

Low milk yields  7litres per 
cow per day 

 Milk production increased to 15litres per cow 
per day 

 
• Access to information and technologies from research 

to extension service providers is essential to offer 
alternative and innovative ways of addressing the 
challenges facing farmers other than the traditional 
approaches

• For farmers to commercialize their enterprises it 
requires close engagement with the extension providers 
beyond the superficial contacts  

• Scaling up of the strategy  and technologies that has 
yielded good results 
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Abstract
There has been low crop yield in arid and semi-arid lands (ASAL) of sub Saharan Africa (SSA). In Kenya, lower 
Narok is one such area, where annual rainfall can be sufficient to sustain wheat production. However, rainfall 
distribution and intensity adversely affect crop yield since only 250-300 mm falls during the long season from 
February to May and 100-200 mm falls during short rains in October to December. The amount is not adequate for a 
full wheat crop development. The high rainfall intensity has lead to soil erosion, consequently to loss of soil fertility 
that has caused yield to drop. Therefore the main objective of this project was to mitigate against the adverse effects 
of soil erosion and loss of water through construction of soil and water conservation structures and re-forestation. This 
was accomplished by analyzing long term rainfall data covering over 10 years to establish sowing dates, construction 
of level terraces at safe vertical heights and establishing adapted vegetation on the ridges. Data was collected on the 
on moisture retained, crop growth rate and yield within the ridges. Four sites were selected and terraced. The rainfall 
reliability for the study area was 60% and the average rainfall for the season was 255 mm that rained in 41 days. 
Terrace vertical interval was found to be superior in terms of soil and water retention, high crop yields and vegetation 
growth rate. Wheat yield increased fourfold (400%) following the intervention. Gulley healing rate was 70% in 2½ 
years, which consequently was convincing to the local community involved in the project right from the formulation 
stage. Out-scaling of the soil and water conservation activities to a wider area of the basin would stabilize the soil 
aggregate to reduce soil loss, moisture retention and increase in food production. Efforts should be made to identify 
a local shrub well adapted to the environment to be used as a strip crop to stabilize the terrace and prevent machinery 
from breaking the terrace ridges during field operations. 

Introduction
There has been low crop yield in arid and semi-arid 
lands (ASAL) of sub-Saharan Africa (Admasu, 1996). 
In Kenya, lower Narok is one such area, where annual 
rainfall is enough to sustain wheat production. However, 
its distribution and intensity adversely affect crop yield 
as only 250-300 mm occur during the long rains from 
February to May and 100-200 mm during short rains in 
October to December. This is not adequate for wheat 
crop development. Wheat water requirement is 450-600 
(William et al., 2010). This means rainfall in lower Narok 
is never sufficient under the circumstances. The problem 
is further compounded by uncoordinated planting which 
further depresses yield. At optimum conditions expected 
wheat yield is over 3.3 t (Hassan, 2004). The high rainfall 
intensity has led to soil erosion (Kenya Soil Survey, 
1988), consequently leading to loss of soil fertility 
and yield decrease. Land terrain in addition to pastoral 
lifestyle of the local community, offer a challenge to 
young fertile soils with low soil water aggregation 
stability. One of the methods used to address moisture 
utilization efficiency is rainfall analysis. Frequency 
analysis, regression analysis, and screening of time series 
are the most common statistical methods of analyzing 
hydrologic data. Frequency analysis is used to predict 

how often certain values of a variable phenomenon 
may occur and to assess the reliability of the prediction. 
Regression analysis is used to detect the relation between 
the values of two or more variables, of which at least one 
is subject to random variation, and to test whether such 
a relation, either assumed or calculated, is statistically 
significant (Oosterbaan, 1988). This is very important 
because the population is growing quickly, and as far as 
can be predicted, livestock and agriculture will remain the 
basis of the economy in the future.

Objective
The main objective of the study was to carry out a 
preliminary evaluation of soil and water conservation 
structures and re-forestation on livelihoods of small 
holder farmers in lower Narok, Kenya. 

Specific objectives
• To determine rainfall patterns
• To determine vertical interval, bench length and terrace
• To determine the effect of terracing on wheat yield 

Methodology
Preliminary evaluation of the impact of soil and water 
conservation structures on livelihoods was accomplished 
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by analyzing historical rainfall data covering over 10 
years. This was done to establish rainfall probabilities and 
rainfall patterns. The experiment was laid in four farms 
in the same catchment but at different slopes that made 
replication difficult.  Data were collected only on yield 
of crop since all the moisture retained and crop growth 
rate and yield within the ridges of the terrace lead to the 
change in yield. Four sites were selected and subjected 
to terrace treatment with known and consistent vertical 
interval. It is essential to calculate the vertical interval 
(VI); which not only shows roughly the height of future 
terraces but also provides the basis for further designing. 
The simple equation using slope and the width of the 
bench as the main inputs is as follows: 

VI= (S Wb) / (100 – S U)  

Where S is land slope in percent (%), Wb is the width of 
the bench, and U is the slope of the terrace riser or side 
slope. 

Results
Rainfall probabilities
Probability diagram with a regression curve for rainfall 
series, February to June period at Narok Meteorological 
station from which probabilities of rainfall value of a 
specific magnitude were obtained by direct reading or 
by use of the curve characteristic function, R = 732.9e-
0.008P  This function can be used to assess rainfall 
probabilities for advising farmers. 

It was observed that the rainfall reliability for the study 
area was 60% and seasonal average rainfall was found to 
be 255 mm that lasted 41 days during the main season. 

The suitable date of sowing was established to be not 
later than mid-March.

Ridge vertical height
Vertical interval, is the elevation difference between 
two succeeding terraces that determines runoff flow rate 
which is a function of moisture retained, amount and 
rate of soil particle displacement and fertility loss. Field 
conditions did not enable collection of  data on these 
aspects except VI (Table 1).

Wheat yield
Terracing was done using the results obtained in the ridge 
vertical height procedure. Respective widths of farms 
were; Nkuruna, 21.3 m, Terere, 12.9 m, Naikuni, 8.0 m, 
and Londari, 21.3 m. The vertical height chosen from soil 
characteristics was one metre. Yield for previous year 
(before intervention) was obtained from farmers. The 
wheat variety planted on all the four plots was the same. 
Yield obtained after terracing was compared to those 
obtained before treatment (Table 2).

Discussion
Rainfall documented by many scientific papers is 
normally presented as annual rainfall but this study shows 
that although rainfall is recorded across the year, useful 
rain for establishing a wheat crop is that of four months 
between February to May. It is on this basis that the 
probability curve was drawn to inform the smallholder 
farmers on the risks of rainwater availability. This 
information helps the farmer to plan for timing of farming 
activities which will improve grain and biomass yield. 
The chance of getting 435 mm of rainfall and above is 
60%, this amount can sustain food production in arid 

Table 1. Land size, slope, width and vertical height
Farm owner Land size (ha) Slope (%) Width (m) Vertical ht (m)
Nkuruna 10.5  3
  21.3  1.0
Terere  19.4  4  12.9  1.0
Naikuni  15.0  5  8.0  1.0
Londari  18.2  3  21.3  1.0

Table 2. Effect of terracing on yield of wheat yield (t/ha)
  Before intervention After intervention Improvement in yield (%) from base year 
  Year 0  Year 1 Year 2   Year 0 Year 1 Year 2
Nkuruna 0.889  4.001 4.224   100% 450% 475%
Terere  0.667  2.668 2.668   100% 400% 400%
Naikuni  1.334  2.890 3.112   100% 217% 233%
Londari  1.778  3.335 3.335   100% 188% 188%

NASIREMBE, OORO  AND  KIRUI2 The impact of soil and water management strategies on wheat yield:  The case of pastoral communities in Narok, Kenya
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areas. (ICRISAT, 1999).The land terrain is not found 
to be uniform so every farm has its unique slope. Steep 
slopes had shorter widths and gentle slopes had longer 
bench widths. Short widths do not allow accumulating 
runoff to gain momentum which will have a destructive 
(erosive) force.

The yield increased from 88 -275% due to the soil and 
water conservation efforts that were applied on the farms. 
There may be other underlying factors that could have 
been a source of variation which were not documented.

Conclusion
Livelihoods of smallholder wheat producers in lower 
Narok, Kenya can be enhanced by understanding rainfall 
patterns and probabilities, soil and water management 
strategies and appropriate bench terrace vertical height 
design. This intervention has been found to increase 
wheat yield four fold meaning yield can be increased 
without increasing acreage. 

Recommendations
Actual dates of rainfall onset should be determined to 
maximize on water utilization. Early land preparation and 
dry planting can be one of the areas that can be perfected 
for maximum water utilization. Most wheat varieties 
take over 125 days to mature so varieties that take a 
shorter period can benefit more and greatly contribute to 
improving livelihoods. Soil Fertility is one of the areas 
that may also increase yield since the fields have been 
used for long without fertiliser.
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Abstract
Timely, accurate and relevant access to agricultural information from research systems by farmers’ remains a 
major challenge to date. Innovative Information and Communication Technology (ICT) tools and systems offer an 
effective solution that can catalyze the information dissemination for different agricultural commodities. Similar 
to what containerization did for international trade, automation did for manufacturing production and globalization 
did for business reach, the innovative ICT tools can do the same to  transformation of dissemination of agricultural 
information and knowledge in today’s business environment that requires agility. This work presents use of ICT in 
Kenya Rice Knowledge bank (KRKB) system. The KRKB is a web portal built on artificial intelligence technology 
and open access standard platform. The system offers innovative platform with numerous open access tools and 
opportunities in providing required knowledge and information accurately and near real time  for all value chain actors 
most importantly the farmer. 

Introduction
Information and knowledge sharing is the glue that 
holds together the activities within the value chains in 
the agricultural sector particularly in this dispensation 
where knowledge is driving development. Likewise, 
the transformation from subsistence to commercialized 
agriculture (market-oriented farming) in line with Kenya 
vision 2030, a key strategy for increased agricultural 
productivity and food security, cannot be realized 
without the timely knowledge dissemination. In the case 
of rice farming in Kenya where the right information 
and technology are required, good crop management 
knowledge and appropriate information on harvest and 
storage translate to good returns to the farmers and other 
stakeholders. 

Rice in Kenya is the third most important cereal. 
Its production however is far below consumption 
requirements as it produces about 70,000 t while 
consumption stands at 300,000 t.
This low production is projected to improve significantly 
with improved rice information dissemination.  Such 
information would empower the farmers and increase 
their capacity to make effective and informed decisions.

The importance of ICT in agricultural research 
development process was long recognized and access 
to ICT resources was made one of the targets of the 
Millennium Development Goal No. 8 (MDG 8), which 
emphasizes the benefits of new technologies, especially 
ICT in the fight against poverty. The Comprehensive 
Africa Agriculture Development Programme (CAADP) 
is gathering pace, and Pillar IV concerns agricultural 

research. The Framework for African Agricultural 
Productivity (FAAP), the guiding document for 
CAADP Pillar IV, recognizes the importance of ICT in 
dissemination.

In this regard KRKB is an initiative towards this end. It 
includes facilities that collect validated information from 
global knowledge banks and deliver location specific 
information to and from rice farmers, researchers and 
other stakeholders in the rice industry. The KRKB also 
includes a feedback mechanism where farmers can post 
their concerns/questions and addressed through the same 
channels by experts in rice. Registered extension and 
research staff are accorded access. It is therefore a vital 
source of current and archived information which can 
be accessed and added to by farmers, extension service 
agents and research fraternity. The KRKB caters for a 
varied audience, united primarily by their interest in 
rice farming that would include the farmers, scientists, 
donors, marketers, policy makers from Kenya and East 
African region.  Thus the main objective of this work 
was to develop a sustainable, up to date, comprehensive 
National Rice Knowledge Bank that provides a dynamic 
platform on rice farming knowledge for all value chain 
players.

Specific objectives were to:
(i) develop a sustainable,  up to date, comprehensive 

National Rice Knowledge Bank that shares rice 
farming knowledge from national and international 
research centres and other stakeholders with farmers 
and extension agents.’

(ii) show case that ICT innovative tools (e-agriculture) 
is a good model for addressing the 21st Century 
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challenges in agriculture.
(iii) bridge the gap between agriculture research and 

farmers’ impact through a digital service towards 
achiving Vision 2030 and MDGs.

Solution architecture
The Kenya Rice Knowledge Bank Interface (www.
riceknowledgebank.kari.org)

Discussion and Conclusion
Knowledge management is likely to be the successor of 
various trends in the business world, including, but not 
necessarily limited to information resources management, 
business process reengineering, management information 
systems, and organizational memory. The agricultural 
research industry is undergoing a transformation to 
address its major challenges: Agricultural productivity 
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is low and falling; Spending on agricultural research and 
development in Africa is low; Private sector research 
will not fill the gap; Impact remains a challenge despite 
research effort while spending and productivity are being 
addressed a serious problem has emerged Information is 
“trapped” in paper and very little is interconnected to the 
rest of the Research Institution’s ecosystem. In Kenya, 
research and extension link is weak and the farmer 
extension link is even weaker, it is also known that, 
research knowledge is spread all over and this knowledge 
is often not properly repackaged for ready use by farmers 

whose literacy levels are low. 

This has greatly reduced the impact of agriculture 
research on the farm productivity. 
To move agriculture research forward requires 
recognition that  “Better Research starts with better 
information and knowledge management “,  so that it 
is available when and where needed to make decisions, 
ensuring that data becomes knowledge to  move research 
beyond theory to practical application.

Use of innovative ICT tools to improve dissemination of agricultural information: A case of Kenya rice knowledge bank
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Abstract 
Wheat breeders at the Kenya Agricultural Research Institute (KARI), Njoro, have been releasing wheat varieties for 
various agro-ecological zones (High rainfall, acid soils, dryland wheat areas) over the years. However, adoption of 
the released varieties by small scale farmers has been slow because of inaccessibility to information. Participatory 
validation activity was conducted in Narok North district between 2011 and 2013, through “mother-baby” approach. 
The project activities were conducted in “mother” trials in partnership with nine different community based 
organizations (CBOs). Seven wheat varieties among them Robin, Hawk, Eagle 10, NJRBW 2, Duma, King bird and 
Kwale with different attributes ranging from resistance to  wheat stem rust to other stresses such as drought tolerance 
were evaluated in “mother trials”. Technology Evaluation Panels (TEPs) were used to evaluate the varieties in mother 
trials. The scores from TEPs were analyzed through non-parametric procedures in the first two years and the results 
used to select the preferred varieties after performing “a preference analysis”.  The selected varieties were multiplied 
by farmer groups and used as part of the dissemination process in the “baby” trials. In ranking the varieties, Robin was 
most preferred by majority of the small scale wheat   farmers and followed closely by Eagle 10. The attributes that 
made the two varieties to be preferred were mainly adult plant resistance (APR) and yield advantage. Participatory 
validation approach should be embraced to enhance the adoption of released wheat varieties especially for the small 
scale farmers who are not able to travel long distances to source for information.

Introduction
In Kenya wheat is the second most popular cereal is 
mainly produced under rain-fed conditions on 0.4% of 
the arable land area (KARI Strategic Plan, 2009). In 
recent years production has been low and declining. 
For instance, from 2004 to 2008, production of wheat 
declined from 397,005 to 337,000t of wheat.  This has 
been attributed to pests and diseases, lodging, pre-harvest 
sprouting, and lately intermittent droughts. In contrast, 
the consumption has been on a general increase, for 
example in 2004 the consumption was 889,020t and in 
2007 consumption increased to 927,956t. Kenya has 
therefore relied on imports to meet wheat needs.  The 
per capita wheat consumption has also been increasing 
by approximately 4% per annum as compared to maize 
(the main staple cereal) at 1%.   This is due to high 
population growth, changing eating habits and increased 
urbanization. The demand for wheat is further enhanced 
by the exports of wheat products to the neighboring 
countries within the East Africa Community (EAC) 
and Common Market for Eastern and Southern Africa 
(COMESA).

Over the recent years KARI-Njoro has developed and 
released several varieties that are resistant to stem rusts 
among other stresses. In spite of the existence of such 
varieties, farmers generally have limited access to the 
information on the performance of such varieties. In view 

of this, a study was conducted to evaluate seven varieties 
(Robin, Hawk, Eagle 10, NJBW2, Duma, King Bird and 
Kwale) in Narok North district. A participatory variety 
selection approach was used to provide the end users with 
an opportunity to choose wheat varieties of their choice.

Materials and methods
The study site was Narok North district and the period of 
study was between 2011 and 2013. The validation was 
through participatory approaches in the form of “mother-
baby” technique. The main objective of the project was 
to conduct on-farm validation of newly released and 
some selected commercially produced wheat varieties 
in partnership with nine different community based 
organizations (CBOs) in “Mother trial approach”. Among 
the CBOs that participated in the activities included 
AFAPO CBO, Nangida Women Group, Enyuata CBO 
and Kikuyian CBO. During the period of the activity, 
more than seven wheat varieties among them Robin, 
Hawk, Eagle 10, NJRBW 2, Duma, King bird and Kwale 
with different attributes ranging from resistance to  wheat 
stem rust to other stresses such as drought tolerance were 
evaluated in “mother trials”. Tools were developed to 
enhance the participatory evaluation process. Technology 
Evaluation Panels (TEPs) and preference analysis (PA) 
were used to evaluate the varieties. Ten groups were 
formed into three clusters (three mother trials) of three 
groups each out of which nine “mother trial” sites were 
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Table 1. Ranking of wheat varieties for disease resistance in 2012
Variety  AFAPO CBO   Nangida  Group  Enyuata CBO  Kikuyuani  Average
   ranking   Women    CBO   CBO   ranking
Robin  7   7   7  6  6.8
Yombi  5   5   4  5  4.8
Eagle 10 6   6   6  7  6.3
NJBW 2 4   3   3  4  3.5
Duma  3   4   5  3  3.8
Heroe  1   1   2  2  1.5
Kwale  2   2   1  1  1.5

established in the first year. The information reported 
in this paper was generated mainly from the “mother 
trials” conducted at three of the four sites in 2012 and 
2013. The test wheat varieties were planted using small 
plot seeder in plots measuring 6 x 3 m each consisting 
of eight rows. Ranking data used for preference analysis 
(PA) was collected through TEPs members who were 
trained on the criteria of scoring the varieties on the 
basis of disease resistance, crop stand and robustness 
in addition to maturity period. A scale of 1-7 was used 
to rank the varieties (where 1 represented the worst 
candidate and 7 represented the best candidate) in each 
category of attributes (Pandit et al., 2005). Technology 
Evaluation Panels members recorded the data from 50% 
heading stage and visited the sites fortnightly thereafter 
for two months. A total of four visits were undertaken 
and the data from the four visits was averaged, and non-
parametric method was used to analyze the data. 

Results and discussion 
Ranking of wheat varieties on the basis of disease 
resistance by Technology Evaluation Panels (TEPs)
Stem rust was the most important disease by the farmers 
compared to others. Tables 1 and 2 show that during 
2012 and 2013 seasons Robin (Score of 6.8) was ranked 

Kwale took longest time to mature whereas in 2013 King 
bird was the last.  (Table 6).

Ranking of varieties on the basis of Crop stand and 
robustness by   Technology Evaluation Panels (TEPs)
Other than disease resistance and maturity, TEP members 
also evaluated varieties on the basis of crop stand 
and robustness.  It was relatively easier for the panel 
members to score on the scale of 1-7. On crop stand and 
robustness, scale 1 described the worst. On this scale, 
Robin (score 6.8) was still the most preferred wheat 
variety followed closely by Eagle 10 (6.3) in 2012 and 
2013 seasons (Tables 3 and 4). In 2013, Robin tied up 
in first position with King bird, which is one of the most 
recently released wheat varieties. In the same year, Eagle 
10 was still very competitive with regard to crop stand 
and robustness and was closely followed by Hawk which 
is another newly released variety.

Discussion
In conventional breeding and testing programs, on-farm 
trials are conducted as the final step in the selection 
process that may involve many replicated trials conducted 
on research stations. Researchers usually manage 
conventional on-farm trials. These on station trials are 

the most resistant variety followed closely by Eagle 10 
(Score of 6.3).  However, Heroe (score of 1.5) was rated 
the worst in 2012 and Kwale (score of 1.0) in 2013.
Ranking of wheat varieties on the basis of crop maturity 
period by Technology Evaluation Panels (TEPs)

After ranking the varieties on the basis of disease 
resistance, crop stand and robustness, maturity period of 
a variety was also considered to be very important criteria 
to rank varieties. 

In the 2012 and 2013 seasons, Eagle 10 was earliest to 
mature and Kwale was last (Tables 5 and 6). During 2012 

good for measuring agronomic traits, but they often do 
not take into consideration of farmers’ opinion about the 
varieties being tested.  In Participatory and their opinions 
were collected in a way that allowed the information 
to be summarized as numbers or ratings, as well as in 
lists of farmers’ comments about the varieties. In this 
step, the opinion of women farmers, poor farmers, 
and farmers from minority ethnic and social groups 
were also specifically sought. On ranking the varieties, 
TEPs used disease resistance as the first criterion to 
select a variety and this became prudent because the 
farmers were familiar with the environment and knew 
the attributes they needed. It was noted that varieties 

OORO, NASIREMBE, BOR AND M. KIRUI
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Table 2. Ranking of wheat varieties for disease resistance in 2013
Variety  AFAPO CBO   AFAPO CBO   Nangida Women  Group Average  
  (Nicholas Naikuni’s site)  ranking (Turju’s site) Nangida Women  ranking
Robin  6    7   6   6.3
Hawk  5    3   5   4.3
Eagle 10 4    5   4   4.5
NJBW2  2    2   3   2.3
Duma  3    4   2   3.0
King bird 7    6   7   6.7
Kwale  1    1   1   1.0

Table 4. Ranking of wheat varieties for Crop stand and robustness in 2013
Variety  AFAPO CBO   AFAPO CBO   Nangida  Average
   (Nicholas Naikuni’s site)  ranking (Turju’s site) Women Group  ranking
Robin  3    6   7   5.3
Hawk  5    4   3   4.0
Eagle 10 6    5   5   5.3
NJBW2  4    3   4   3.7
Duma  2    1   2   1.7
King bird 7    7   6   6.7
Kwale  1    2   1   1.3

Table 3. Ranking of wheat varieties for Crop stand and robustness in 2012
Variety  AFAPO CBO Nangida   Enyuata  Kikuyani Average
  ranking  Women Group  CBO   CBO  ranking
Robin  7  6   7  7  6.8
Yombi  5  5   5  6  5.3
Eagle 10 6  7   6  6  6.3
NJBW2  5  4   5  4  4.5
Duma  4  5   4  2  3.8
Heroe  1  1   2  1  1.3
Kwale  2  2   1  3  2.0

Table 6. Ranking of wheat varieties for maturity period in 2013
Variety  AFAPO CBO   Nangida   Enyuata Kikuyani  Average   
   ranking   Women Group   CBO    CBO   ranking
Robin     5         4       3      2  3.5
Hawk    2          5       4      5  4.0
Eagle 10  7       6       6      7  6.5
NJBW2     4       3       5      4  4.0
Duma     6          7       7      6  6.5
King bird  1        1       2      1  1.3
Kwale    3          2       1      3  2.3

that were disease resistant most significantly became 
candidates for selection because such varieties were 
relatively healthier thereby appearing better in terms of 
crop stand and consequently appearing robust hence most 
preferred by most farmers. This agreed with work done 

by Fentie and Jemberu (2012) in Ethiopia in participatory 
variety selection on wheat. This case was prominent with 
reference to Robin which was the most preferred in 2012 
probably because of its high level of disease resistance 
which made it to appear more robust than most of the 

Wheat variety evaluation and validation through participatory approaches in Narok County
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varieties. In the discussion of the results with the TEP 
members, it became apparent that during the years of 
low rainfall early maturing varieties would be preferred 
irrespective of their high degree of disease susceptibility. 
Farmers argued that they would rather spray against rust 
but at least harvest some crop.
 
Conclusion
The participatory evaluation has indicated that both early 
maturity and drought tolerance are the most preferred 
traits by farmers. Breeders should therefore strive to 
release early maturing wheat varieties that are also 
disease resistance.
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Introduction
Importance of dairy in eastern Africa
Dairying contributes positively to livelihoods as a source 
of food, wealth, employment creation, organic fertilizer, 
bio-energy and raw materials for value-added products.

The drivers of growth in the dairy sector 
• Some of the factors that drive growth in the dairy 

sector include:
• Intensification-increase in production per unit area, 
• Enhanced efficiency of dairy management, 
• Improved technologies and innovations, 
• Improved germplasm/genetic potential, 
• Demand driven production, 
• Growing human population, 
• Urbanization and consolidation of demand and 

socio-economic development of Nation/Counties 
among others.

Negative aspects of dairy production
In as much as the dairy industry contributes immensely 
to the national economy and improvement of livelihoods, 
there are a number of challenges and negative 
contributions. Some of these include contribution to 
greenhouse gas emissions, pollution and waste disposal 
challenges, food safety and human health related issues, 
competition with humans for same food ingredients 
and possibilities for zoonotic diseases among others. 
However, the benefits outweigh the challenges.

Current challenges and opportunities
Increase in livestock production poses a number 
of challenges which include competition for same 
resources, increased poverty and biophysical 
environmental degradation due to increased production. 
However, despite the challenges, there are a number 
of opportunities in the dairy industry such as increased 
demand for dairy produce and products which will 
in essence lead to diversification, intensification and 
exploitation of opportunities. These, if properly utilized 
can lead to increased value due to demand.

Milk Production among the Eastern Africa countries
There has been uneven growth in milk production with 
significant decline in the pre-2009 for Ethiopia and a 
marginal growth in the other countries (Figure 1). The 
fluctuations in Kenya and Ethiopia has had impact on 
milk prices and income. These trends pose a number of 
unexploited potential for dairy produce and products.  
 
 Dairy cow population
The dairy cattle population negates the production treads, 
especially for Ethiopia where inferential data reveals a 
decline in productivity. Ethiopia could pick some lessons 
from Kenya. However, there has been a slow dairy 
population growth in Tanzania and Uganda which delays 
exploitation of the potential for dairy sector. However, 
there exists a very huge opportunity for growth given 
the intraregional trade in dairy animals. Other countries 
can learn from the low productivity levels in Ethiopia to 

Dairy industry-current challenges and opportunities
John K. Mutunga, CEO, 

Kenya National Farmers’ Federation

Figure 1: Milk yield production in Hg/Animal per year in the Kenya, Uganda, Tanzania and Ethiopia in 2007-2011
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avoid going the same path. While the number of dairy 
animals in Kenya has had a downward trend, the milk 
production has tended to increase (Figure 1 and 2). 

 Milk consumption trends in the sub Saharan Africa
The demand for milk and milk based products is 
projected to grow from the current 32.4 million metric 
tonnes to 82.6 million metric tonnes by the year 2050. 
However, matching the demand with supply is unlikely 
to be achieved. As a result, it might be a challenge to 
contain malnutrition. For this reason, there is need for 
increasing productivity in advent of climate change. The 
Eastern Africa Countries need to work on modalities 
to overcome structural rigidities of smallholder dairy 
farming which is prominent in the region. The region can 
improve production and productivity by making use of 
improved innovations and technologies. As a result, there 
will be improved effectiveness of the dairy industry and 

processing, wide scope and diversity of products and also 
potential for research and innovation as well as potential 
for employment creation. Only 0.58, 1.54 and 2.56% of 
the raw milk produced is processed in Ethiopia, Tanzania 
and Kenya respectively.

African milk markets
The largest milk markets (60%) are in Eastern and 
Northern Africa. It is estimated that by the year 2050, the 
largest African milk markets estimated to hit 82.6 million 
tonnes will be eastern and northern Africa countries. The 
annual growth rate in demand is estimated to be between 
2-3% in all the regions. Figure 4. Shows the African milk 
market structure and the areas with greatest potential for 
growth. This however comes with a number of challenges 
as indicated earlier. The challenges include the ability to 
cope with the demand and income sourcing, the ability to 
increase production and productivity to meet the rising 

Figure 2: Number of dairy cows x 1000 in the Kenya, Uganda, Tanzania and Ethiopia in 2007-2011

 

increased intra-regional trade. Figure 3 shows Africa’s 
demand for animal based food products in the period 
2005 – 2007, while Table 1 outlines the projected demand 
for the same products by the year 2050.
 
Value addition in milk
From available data much of milk is consumed 
unprocessed. This poses a number challenges such as 
false satisfaction/ comfort, low income form whole 
milk sales, sanitary and phyto-sanitary concerns, post 
production losses and low contribution to economic 
growth and development. However, despite the myriad of 
challenges, there also exists opportunities such as huge 
potential for value addition, increased income through 

demand and the possibility of interesting consumers in 
other areas. 

Policy implications
For productivity to gain from policy reforms, the agenda 
must be sustained and the remaining barriers, especially 
those restricting trade should be eliminated. There should 
also be increased investment in agricultural research 
and development which must be sustained for higher 
productivity to be achieved and sustained. The high 
dependence on rain-fed agriculture which exposes the 
sector to the vagaries of weather should be reduced, 
hence the need to embrace irrigation for sustained 
production.
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Figure 3: African demand for animal origin food in 2005/7

Table 1. Projected demand for animal products to the year 2050
  Estimated consumption (2050)  Expected annual growth  rate (%)
    
Milk   82.6     2.2
Eggs   6.1     3.1
Pig meat  3.5     3.3
Mutton   6     2.3
Poultry   11.8     3.3
Beef   13.6     2.5
        - 

Figure 4: African milk markets 2005/7 (32.4 million tonnes)
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Conclusion 
In conclusion, there is need for more value addition in 
order increase the level of income from dairy products. 
There is also need to moderate processing costs such as 
electricity and other inputs. There should be increased 
investment in farmer organisation for smallholder 
dairy farmers. More research is needed to effectively 
reduce the competition between human and livestock 
food/feed requirements. The stakeholders should 
organise knowledge domains to deliver specifically 

tailored packages for the dairy industry. This will 
lead to increased investment in homemade rations for 
effective dairy feeding all year round. There is need to 
focus research on innovative, cost effective and user 
friendly machinery for use by the dairy farmers. The 
Regional Centres of Excellence should document and 
share successful interventions and lessons in the sector. 
Finally cutting edge technologies such as embryo transfer 
and sexed semen should be promoted for improve dairy 
productivity.
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Synopsis
The Kenya Animal Genetic Resources Centre (KAGRC) 
formally, CAIS was established in 1946 through a 
Gazette Notice No. 557 as a semen production and 
distribution Centre. Currently, the has autonomy as a 
State Corporation, through a Gazette Notice No. L.N. 
110 of 5th September 2011.  It is governed by a Board 
of Directors consisting of a non-executive chairman 
appointed by the president.  The Headquarters is located 
on about 117 Acres in Lower Kabete 15 km from 
Nairobi City centre. The mandate of the centre includes 
production, preservation, distribution and conservation 
of animal genetic material as well as rearing of breeding 
bulls of superior genetics for provision of high quality 
disease free semen to meet National demand and for 
export. The Centre was awarded ISO 9001:2008 QMS 
Certificate in September, 2012. 

Vision
To be the leading producer of the best animal genetic 
resources in the world.

Mission
To develop and promote optimum productivity of the 
national animal population, through provision of high 
quality disease free animal germplasm and related 
breeding services for socio-economic development.

Strategic Objectives 
1. To enhance livestock productivity through: 

• Strategic bull semen production and distribution, 
• Expansion of KAGRC activities to include 

production and distribution of other animal 
species germplasm and establishment of at least 
five satellite regional Artificial insemination (AI) 
centres.

2. To conserve germplasm for posterity and to avail it for 
both research and breeding.

3. To promote innovations in livestock breeding 
by embracing emerging technologies including; 
in-vitro fertilization, embryo transfer and 
operationalizing an e-breeding portal.

Mandate Statement 
The Centre’s mandate is to:

• Produce Strategic Bull Semen, 

• Undertake animal germplasm conservation (in 
situ, ex-situ, in vitro and in vivo) involving DNA, 
semen, embryos of all food animals and creating 
Strategic Gene Bank of Animal germplasm for 
posterity and avail them for both research and 
breeding as deemed fit and

• Establish a National livestock resources gene bank 
and take custody of livestock tissues, DNA, semen 
and embryos of all food animals and emerging 
livestock species in Kenya as advised by the Kenya 
Livestock Breeding Board (KLBB).

Bull recruitment.
• The sires of KAGRC bulls are selected from 

internationally renowned sires for production of 
milk, component, longevity and type traits.

•  The dams of KAGRC bulls are selected from 
registered and milk recorded herds that are superior 
in production, longevity and fertility. 

• Currently, the Centre has a total of 133 bulls mainly 
Friesian (62), Ayrshire (56), Guernsey (5), Jerseys 
(4), Sahiwal (4) and Boran (2). The number of bulls 
per breed is demand driven.

Semen production
• Semen is produced in accordance with 

Internationally Accepted Standards (OIE 
Regulations). 

• The semen production has increased tremendously 
over the years to a high of 659,132 doses per year 
(Figure 1). 

• The target is to attain at least 1 million doses per 
year in the next few years in order to meet the local 
and export demand. 

 
Semen distribution

•  The centre has an elaborate distribution network 
of its products to ensure easy accessibility to the AI 
service providers and farmers.

• More distribution points are opened as need arises. 
• Currently, the Centre has a total of 52 agents 

concentrated mainly in high AI uptake areas. 
 

Alignment to Jubilee Manifesto and Vision 2030 
Food security

• Provide the necessary infrastructure to support 

Dairy genetic resource production: Current Challenges and Opportunities in the region
Wamukuru, H. K. 

CEO, Kenya Animal Genetic Resources Centre (KAGRC)
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commercial livestock production.
• Revamp the mandate of the National Livestock 

Board to ensure continuous research on livestock, 
improve the marketing and value addition of 
livestock produce and extend services to pastoralists.

• Provide improved genetic material to Kenyan 
farmers for increased livestock productivity. The 
Centre has produced over 15,105,000 straws of 
semen in the last 40 years from 1972 -2012. Going 
by the conception rate of KAGRC semen which 
is 1.3 straws per conception, this translates to 12, 
000,000 calves born in the last 40 years through AI.

• The Centre has a planned to establish five regional 
satellite centres within the country for germplasm 
conservation and distribution.

• Increase the number of bulls for semen production 
from 133 to 260 bulls in 3 years. 

• Increase Liquid Nitrogen distribution by 180,000 
litres annually.

• Design and commission the E-Breeding System on 
an ERP portal to electronically connect departments 
and the Centre’s clientele. 

Constraints 
• Inadequate capacity to fully implement the new 

mandate.
• Serious and continuous underfunding.
• Weak linkages between the Centre and other 

breeding organizations such as DRSK, LRC and 
KSB.

• High cost of inputs for semen production and 
distribution.

       Figure 1. Semen produced, distributed and demand

• Low competitiveness of Centre’s products and 
provision of services.

The livestock industry should be considered as a 
necessary catalyst for increasing farmers’ incomes and 
contribution towards poverty alleviation in the country. 
In this regard, it is anticipated that increased funding to 
the livestock subsector will contribute significantly to the 
realization of the national developmental goals. 

Future Strategy
• Capacity building for cryopreservation gene banking 

and germplasm conservation
• Human capacity building
• Financial capacity building/financial mobilization
• Establish institutional collaboration 

Opportunities in the region
• Market for KAGRC products
• Exchange of genetic material
• Creation of regional livestock stud book.
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 Session II – Towards improved and stable milk 
production in the region
The following issues arose from the discussions of this 
session:

Session IIA – Overcoming seasonality in milk 
production: the role of crop residues
The role of crop residues:

a) Storage period of blocks compared to loose 
ones (without blocking) has not been evaluated 
scientifically and hence more work should be 
verified

b) Scientists should evaluate the costs/benefits of the 
technologies

c) Future studies on urea treatment of straws need to 
include effect on milk quality. 

Session IIB – Forage production for improved 
availability and quality in the region

a) The ‘push and pull’ technology has multiple benefits 
including stem borer control, striga weed control, 
soil fertility improvement and livestock feeding. 
During the dissemination phases, all these benefits 
should be emphasized.

b) Some of the reasons for low adoption of forages 
include inadequate planting materials, competition 
of fodder with food crops and inadequate 
information.

c) In phase II of the project, research should be 
conducted on integration of lupin into other 
cropping systems.

d) There is need to develop appropriate technologies 
on fodder production for sharing across the region 
to increase milk production, promote value addition 
and increase marketing channels.

Session IIC – Combating disease threats to forage 
production in the region

a) Research efforts need to address the subject of 
combating disease threats to forage production in 
the region

b) Currently there is an initial attempt for transcription 
sequencing a genome for Napier grass which is 
focusing on expression of functional genes based on 
drought tolerance.

c) Up scaling the Napier grass variety that is tolerant 

Comments and discussions per subject area
to stunt disease for use by farmers can be done by 
fronting for efficient water management techniques 
like “Tumbukiza”.

Session III – Breed improvement and management for 
increased milk production
The following observation were made in the subject areas 
of:

Dairy genetic resource production
a) Production of goat semen which has kicked off 

with the Dairy goat association of Kenya (DGAK) 
through EAAPP should be taken by the DVS

b) The Kenya Animal Genetic Resource Centre 
(KAGRC) was tasked to establish a monitoring 
program and address issues of liquid nitrogen 
shortage in some of the Counties in Kenya

c) KAGRC has to sustain a Genetic Advisory 
Committee that consists of breed experts to ensure 
that the genetic diversity is not lost in the process of 
improving the dairy population

d) There is need for introduction of new genes of the 
Sahiwal breed from external sources like Pakistan

e) It is feared that the breeding program of the main 
herd in Naivasha is a closed nucleus herd

f) Biotechnologies being used to conserve the Sahiwal 
breed are: semen conservation at KAGRC and 
MOET is also on trial in Naivasha

g) The introduction of Sahiwal breed which was 
intended for pastoral areas of Kenya has not been 
matched with increased productivity, there is need 
to assess the impact of the breed

h) KAGRC needs to meet the target of 200,000 doses 
set under EAAPP

i) KAGRC to explore options of germplasm exchange 
for breeds that are in high demand by other 
countries e.g. Jersey for Ethiopia 

j) The Sahiwal was introduced in Kenya in the 1960s; 
need to find out whether suitable for zero grazing in 
small holder dairy farms in Central Kenya. 

Session IV – Disease challenges in dairy and 
mitigation measures
• There is need for harmonization of legal /regulatory 

framework on use of acaricides across the region
• Scientists should monitor and evaluate the impact 
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of the technologies and effectiveness of peer 
farmer dissemination approach compared to other 
methods.

Session IV – Dairy Production Systems and Economic 
Challenges

• There was concern on the recommendation to train 
farmers on record keeping 

• It was recommended also, that there is need for 
concentrating efforts on training and sensitization 
of farmers by all stakeholders such as researchers, 
extension officers, cooperatives, among others.

Session VA – Varietal development against diseases 
and pests
Cassava

• Cassava research work to liaise with regional 
cassava centre of excellence in Uganda for support.

Wheat
• There is need for regional nurseries to share work 

on diseases and wheat breeders and pathologists 
from Kenya should share technologies with partners 
in the region

• There was concern about the use of a scoring scale 
for stem rust race Ug99 that was invented in 1948 
by Peterson et al. It was also noted that there is no 
documentary on the modified scale

• The use of non-parametric method was justified for 
a non-replicated trial, where there is insufficient 
seed for sampling and has been used internationally 

• There was concern as to whether or not, feeding 
wheat straw to livestock would lead to spread of 
stem rust to non-infected areas fields. It was also 
noted that, in order to control stem rust, fungicides 
are used and residues remain in the straw which 
might be harmful to livestock 

• It was suggested that a study should be done to 
find out if this may lead to poisoning animals and 
human since humans consume meat and milk from 
livestock 

• There was concern that, given the current stem 
rust threat and now leaf rust, there might be an 
interactive effect on wheat yield which should be 
quantified. This has not been evaluated because the 
variety used for yield loss evaluation had only leaf 

rust infection. 
Rice

• There was need for clarification on how care was 
taken of accessions/lines which could have had 
major gene resistance but do not express it via 
hypersensitive reaction

• There was need to explain the relationship/
significances of compatibility and aggressiveness 
in rain fed upland NERICA rice / legume based 
intercropping systems and the biological efficiency 
and Economic Indices

• The aggressiveness in the intercropping system 
showed that the component crop is dominant 
and that competitiveness had nothing to do with 
compatibility 

• The authors promised to use molecular markers 
which cannot miss the genes in subsequent 
research.

Session VB: – Crop management
• There was concern about the definition of 

environment in genotype x environment interaction 
where the coincident AMMI based selection for 
high yielding and stable breed wheat genotypes 
in typical rust prone environments of Kenya, for 
example use of Agro Ecological Zones (AEZ) or 
rainfall amounts

• It was noted however, that environments are all 
those factors that interact to influence expression of 
a quantitative trait including yield. 

Session VI – Improved access to knowledge, 
information and technologies and the resultant Impact

• Most authors should consider packaging the 
results for dissemination given the stage at which 
the technologies have reached e.g. in the form of 
leaflets and manuals

• This concern would be addressed to ensure 
leaflet, brochures and fliers of the rice/legume 
based intercropping technology are produced and 
distributed to farmers

• Recommendations on tillage method were based 
on minimum tillage operations; it is suggested that 
recommendations should be based on economic 
analysis such as use of gross margins.



358

speeches



359

National Project Coordinator, Jane Karuiki
Teamwork - EAAPP started in 2011 for the purpose of improvement of production in Agriculture. Working together 
was not easy and we have had to improve. The project is a regional project whereby the science/ technologies should 
flow from one country to the other.
 
Value for money - There has been an evaluation to make sure that there is value for money invested and proper 
accountability. The project is vigorously being monitored via the World Bank and the National Auditing arms of 
Government. We need to teamwork to achieve our goals.

ASARECA EAAPP Desk, Vincent Akulumuka
He reminded the meeting of ASARECA in Bujumbura. In 2015 we shall be preparing for the closure of the 1st  phase 
of the project in 2015. There will be need to have an internal evaluation of the Country project. Next year there will 
be another review by World Bank in January for three weeks. Followed by the wrap up of the review in February in 
Ethiopia. Therefore the papers being given in this meeting will be a mini–internal evaluation. There is need for us 
to start preparing to qualify for the next and second project phase. We should be addressing the seven pillars. The 
World Bank is happy that funds have been spent wisely and there is an improvement. There is need to speed up the 
constructions in the different countries.

Director of Extension Services, Mary Kamau
The lessons learnt from the project should be shared with other countries. The science and technologies developed 
should address poverty reduction. The findings generated should be translated in reality to impact on livelihoods.

The Director of Veterinary Services, represented by Dr  Wekesa
There is need to reflect on what we are supposed to pass on the farmers. The papers being presented today must 
trickle down to farmers. This project is multi–sectoral and may be therefore difficult to implement. However, through 
teamwork, the objectives can be achieved. The following has been achieved in the last three years:

 • ECf vaccination
 • Regulation of breeding programme
 • Improvement in the AI programme
 • Starting the Embryo transfer programme
 • Capacity development

The Director KARI, Ephraim Mukisira
The EAAPP Programme is very important and will help serve farmers effectively to improve productivity. Funds 
acquired in this project will contribute to the Countries’ Development Programmes. We need to ask ourselves how we 
have contributed to the Institutional Strategies and plans. At the end of the day we need to show that we are sharing 
information across the boarders and countries. We have one year remaining and we need to make sure that the goals 
and aims of the projects are achieved.

The Chief Guest, Julius Kiptarus
This meeting emphasizes the need for regional focus. Economies of the region contribute about 40% of the 
GDP. Since independence most of the farmers still practice peasantry farming and this must be transformed into 
commercially oriented agriculture. Agriculture has been identified as the main engine of economic development 
throughout the region, and is supposed to contribute to the development in the other areas. EAAPP presents an 
opportunity to look at the impact of science since the technologies generated must be shared among the countries in 

Opening
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the region. There has been an increase in the number of livestock; however, there is also an increase in population 
which has led to increased demand for milk. There is need to put special emphasis on the improvement of the camel 
and indigenous cattle and goat breeds. The Dairy sector faces many challenges including drought, animal diseases, 
lack of water and reduced land size with the increased population. The fact that the meeting has drawn participants 
from four different countries makes it a good precursor for sharing of knowledge and information. There is great need 
to have a transformation of the farmers from peasantry to commercial agriculture. Although the farmer field schools 
were initiated and high grade cattle introduced to the farmers, the situation has not changed much. Therefore, what has 
gone wrong?
 
Khadijah Kassachom, Principal Secretary State department of Livestock, Ministry of Agriculture Livestock and 
Fisheries
 •  World Bank Representative
 •  Director General ASERECA
 •  Regional EAAPP Representatives
 •  Directors of Various Institutions
 •  Distinguished Guests

Ladies and Gentlemen
I am pleased to be here today to preside over this important exhibition and conference, which brings together 
stakeholders from various Agricultural disciplines in the region participating in the Eastern Africa Agricultural 
Productivity Project (EAAPP). The importance of this event cannot be over-emphasized. The purpose is to share 
the preliminary results of various activities undertaken under this project. The Theme of this exhibition and mini-
conference: “Towards enhanced regional specialization in agricultural research and sharing of identified agricultural 
technologies and innovations that increase agricultural productivity and economic growth”, is important as it provides 
for sharing of technologies developed in the centre of excellence for use locally and in the region.
This occasion is important as it will enable you to prioritize and generate relevant technologies that will address the 
farmers’ problems. You will also be able review the progress you have so far made and the challenges there of during 
implementation and hence devise corrective measures.

Agriculture remains the economic mainstay in the Eastern Africa region. It is now estimated to contribute 45% to 
the GDP and directly providing livelihoods to 85% of the population in the East and Central African region. This 
suggests that economies of the region are overwhelmingly based on agricultural related services. A major feature of 
the regional agriculture is that it is dominated by smallholder farmers most of whom are resource poor and doing 
subsistence farming. Throughout the region, these households account for 80% of the total regional agricultural 
production making the region inherently food insecure. Therefore if the region has to adequately satisfy its food needs, 
the current subsistence agriculture must shift towards intensive commercial – oriented farming. It is on this basis, that 
the Eastern Africa countries and AU-NEPAD are placing strong emphasis on revitalization of agriculture. This will 
lead to reduced poverty and food insecurity at household level and increase employment opportunities (especially for 
the youth).

Appropriate policy changes must be made to facilitate the development of smallholdings competitive business oriented 
enterprises and hence move agricultural production from subsistence to efficient and productive commercial outfits. 
Policies that will enhance trade and exchange of appropriate technologies across the region should be enhanced and 
strengthened. The desire to move towards this direction can be realized by formulation of time bound agricultural 
revitalization strategies. For example, Kenya’s Vision 2030 which envisages it to be a middle level economy with 
quality life for its citizens, identifies agriculture as the engine of economic growth. In response, Agriculture Sector 
Development Strategy (ASDS) was developed and it is the guiding policy in enhancing agricultural productivity in 
Kenya. This will greatly contribute to improved rural livelihoods and also meet the MDG goal of eradicating extreme 
poverty and hunger. 
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I understand that EAAPP is a regional programme, whose core business is improvement of agricultural productivity. 
EAAPP was designed to complement the activities of ASARECA, a regional research unit by scaling up investment 
at regional and country levels that are in line with regional research approaches and have capacity to generate both 
regional and national benefits. 

As you are aware, EAAPP is investing in these research approaches on the basis of country strengths on the selected 
enterprises. Kenya is hosting the development of the Dairy Centre of Excellence due to our comparative advantages 
in the sector in terms of superior genetics, feeding technologies, animal health technologies and organization of 
farmer/ producer groups along the Dairy value chain. Ethiopia, Uganda and Tanzania on the other hand are hosting 
wheat, cassava and rice respectively. We expect that whatever innovations and/or technologies that will be generated 
will be shared harmoniously across the region. I am sure that the researchers in the various areas that impact on the 
Agriculture Value Chains will be able to come up with viable solutions to address the numerous challenges facing the 
small scale producers. This will transform the Dairy industry into a commercially competitive venture.
The project presents a new outlook on how we can move forward in technology development and to look beyond 
ourselves. Whatever relative strengths we have should be used not only for our own benefit but also for the benefit of 
the region. 

The dairy industry in this country for example is the highest contributor to the economy as a single agricultural 
enterprise. There are 1.8 million dairy farmers involved in dairy of which 80% are small-scale on one to two acres 
land and owning one to three dairy cows. Total milk production has increased from 2.2 billion litres in 2002 to the 
current estimate of 5.2 billion litres annually. The dairy cattle produce 70% of the milk and the rest is from zebus, 
goats and camels. The population of cattle has also increased from 9.3 million in 2002 to 17.9 million in 2012 of 
which 3.5 million are dairy cattle.

The annual demand for milk in the country is expected to increase with increase in human population and increased 
demand for dairy products. This will therefore require concerted effort and through support from our development 
partners to generate and develop appropriate technologies that will promote increased productivity and development 
of the dairy sector.

Dairy sector alone contributes 4% to our national GDP which is 12% of Agricultural Gross Domestic Product 
(AGDP). It is able to directly employ over 500,000 people along the value chain and an additional 10% are involved 
in the informal milk trade. 

However, not much attention has been given to our local indigenous animals and the camel as potential producers 
of quality milk. There is need for the researchers to generate technologies that address the local camel husbandry 
including breeding, feeding and other management practices. This will enable the country and the region tap the 
enormous potential of the camel as a producer of quality milk and hence improve their productivity.
While recognizing our successes, we should be aware of the need to fast track research and application of existing 
technologies. We should also explore new areas of expansion so as to develop our dairy industry.
The dairy sector in Kenya however, faces a number of challenges ranging from technical, socio-economic and 
environmental. On the technical side, there is low productivity due to: poor breeding practices, high mortality, 
morbidity and reproductive wastage. In addition, the inadequate quality and quantity of animal feeds is compounded 
by the effects of climate change. 

Socioeconomic issues that limit investment in dairy include; high population pressure, reduced agricultural land sizes, 
poor infrastructure, inappropriate land tenure systems and high poverty levels.
Kenya’s commitment to environmental protection is enshrined in the Constitution and the ratification of the United 
Nations framework on climate change and Kyoto protocol. In line with this policy direction, I am happy to learn that 
the project has embraced environmental and social safeguards as key component in project implementation.
It is imperative therefore, to focus our synergies at addressing these challenges. To do this more effectively, different 
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institutions and stakeholders must work together with a unified purpose.

The participation of different institutions in the implementation of EAAPP is commendable. I am happy that this event 
has drawn participants from the region including research, extension, farmer organizations and other actors along the 
agricultural value chain. This is a good way of strengthening linkages which will impact positively on the flow and 
uptake of technologies that may be generated.

It is therefore expected that you will share experiences from various countries and institutions on technology 
development and dissemination. This event will enable you identify gaps and suggest solutions.
With these few remarks ladies and gentlemen, I now wish to declare this mini-conference officially opened and wish 
you fruitful discussions.
Thank you
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Kisa Juma Ngeiywa, Director of Veterinary Services - Ministry of Agriculture Livestock and Fisheries

 • Representative of ASARECA, Vincent Akulumuka 
 • Regional EAAPP Representatives
 • Directors of Various Institutions
 • Research scientists
 • Extension agents
 • Other stakeholders

Ladies and Gentlemen
I am pleased to have attended the first exhibition and mini-conference of the Eastern Africa Agricultural Productivity 
Project (EAAPP). It’s a conference that has brought together stakeholders from various Agricultural disciplines in the 
region as well as agencies participating in the EAAPP project. The exhibition and mini-conference was devised on the 
premise of sharing technologies and practices in the priority enterprises (Dairy, Cassava, Wheat and Rice) developed 
in the regional centres of excellence. These interventions are within the EAAPP framework of product value chains 
and have been considered by all the actors in the respective value chains.

The exhibition and the conference have provided a forum where key challenges affecting the agricultural sector in the 
region were discussed, including: 

• Livestock breed improvement and multiplication programmes for increased milk production using the available 
gene resources

• Assisted Reproductive Technologies (ARTs) as strategies that can be used to increase germplasm availability in 
the region

• Importance of using in-vitro and in-situ conservation programmes across the region by all respective  institutions
• Overcoming seasonality in milk production in the dairy subsector and the important role of crop residue 

utilization
• Dairy forage conservation and improvement as well as combating disease threats to forage production
• Re-emerging animal disease challenges in livestock due to climatic change factors and the required mitigation 

mechanisms
• The conference brought to the limelight ways of improved access to knowledge, using information 

communication technology (ICT) and other dissemination pathways. Linking these technologies with extension 
technologies will be crucial in improving productivity

• The need for all countries to re-examine changing land use and land tenure systems to check on diminishing 
productive agricultural land due to urban development

Ladies and gentlemen
I realized that majority of presenters addressed issues in dairy cattle and goats. However; camel as a dairy animal was 
missing. It is important to note that during the exhibition, a group of farmers from Mbalambala exhibited camel milk 
products and it demonstrated that value addition of camel milk can improve livelihoods. It is necessary that scientists 
come up with studies on camel production, multiplication and value addition of camel milk. Other areas that need 
improvement include:

• Mainstreaming environmental-social safeguards and gender issues which are mandatory in all project areas
• Harmonization of policies, standards and protocols within the East Africa region aimed towards integration of 
the EAC
• Strengthening of regional linkages especially in research.

Closing
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Ladies and gentlemen
The world is faced by an immense challenge of climate change which necessitates change in our approach to research 
and dissemination. For the last three days, the conference has concentrated on increasing the productivity of the 
existing germplasm. This should be planned in a way that, animal adoption to climate change is in a positive direction 
rather than the opposite.

It is my hope that your discussion will feed into policy formulation in the region and it will facilitate development 
of small holdings into competitive enterprises. I have noted the participation of researchers, academia/universities, 
extension and private sector making this conference holistic. I believe this will form the basis of future collaboration.
I am informed that Kenya is hosting the 6th All Africa Conference on Animal Agriculture which will be held at KICC, 
Nairobi from 27 to 30th October, 2014. The 2nd and last call of papers will be advertised in February 2014. You are all 
encouraged to participate and present papers.
Finally, I wish to convey my appreciation to EAAPP and all the stakeholders who participated in this conference and 
more so, to the World Bank for the financial assistance.

With these few remarks ladies and gentlemen, I now declare this exhibition and mini-conference officially closed.

Thank you.
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