
Farm-Level Agricultural 
Resilience and Adaptation to 

Climate Change
Extension Manual

THE KENYA CEREALS ENHANCEMENT PROGRAMME - CLIMATE 
RESILIENT AGRICULTURAL LIVELIHOODS (KCEP - CRAL) WINDOW

SUPPORTED BY FUNDS FROM ASAP
APRIL 2021





THE KENYA CEREALS ENHANCEMENT PROGRAMME - CLIMATE 
RESILIENT AGRICULTURAL LIVELIHOODS (KCEP - CRAL) WINDOW

Farm-Level Agricultural Resilience 
and Adaptation to Climate Change

Extension Manual

SUPPORTED BY FUNDS FROM ASAP
APRIL 2021



Disclaimer

The information presented in this manual is for advisory use only. Readers using the manual 
should verify details that relate to their agro-climatic zones from their area agricultural 
extension officers.

© Kenya Agricultural and Livestock Research Organization 2021 

All rights reserved. No part of this book may be reproduced, stored in database systems, 
transcribed in any form or by any means, electronic, mechanical photocopying, recording or 
otherwise without prior written permission of the publisher. 

Published by

Kenya Agricultural and Livestock Research Organization
KALRO Secretariat
P O Box 57811-00200
Nairobi, KENYA
Email: directorgeneral@kalro.org  Tel. No(s): +254-722206986/733333223

Edited by: Nyongesa, D., Esilaba, A.O., Okoti, M., Otipa, M., Wasilwa, L.

Compiling Authors: Okoti M., Esilaba A. O., Ketiem P., Mangale N., Muli BM., Nyongesa 
D., Otipa M., Mutisya D., Amata, R., Too A., Njiru E., Muthiani E., Finyange P., Ndanu A 
and Wasilwa L. 

Production Editors: Mukundi K. T, P. Maina and K. Nyabundi

Design and layout: Nyaola E. O and J. Njeru

Citation

Esilaba, A.O.et al. (2021). KCEP-CRAL Farm-Level Agricultural Resilience and Adaptation 
to Climate Change Extension Manual. Kenya Agricultural and Livestock Research 
Organization, Nairobi, Kenya

ISBN: 978 - 9966 - 056 - 0



v

          FOREWORD

Kenya Agricultural and Livestock Research Organization (KALRO) is one of the key partners 
in the Kenya Cereals Enhancement Programme - Climate Resilient Agricultural Livelihoods 
Window (KCEP-CRAL) Programme funded by the European Union (EU) and implemented 
by the International Fund for Agricultural Development (IFAD). KALRO participation in 
this programme is based on proven experience and expertise in agricultural research. Within 
the programme, KALRO handles the research component, conducting on station and on 
farm trials, develops farmer recommendations together with training materials for extension 
staff and service providers and conducts the training. The implementation of KCEP-CRAL 
is in thirteen (13) counties namely Nakuru, Nandi, Trans Nzoia, Kakamega, Bungoma, Kitui, 
Tharaka-Nithi, Embu, Machakos, Makueni, Taita Taveta, Kwale and Kilifi. 

KCEP-CRAL focuses on the three leading rain-fed cereals (maize, sorghum and millet) and 
associated pulses (beans, green grams, cowpeas and pigeon peas). The programme’s overall 
objective is to contribute to the reduction of rural poverty and food insecurity of smallholder 
farmers. 

Through this manual, the programme will provide a comprehensive guide to extension 
officers, service providers and lead farmers on how to successfully produce cereals and pulses 
in Kenya. The manual is a useful training and reference material for extension officers and 
other stakeholders seeking to enhance the capacity of farmers, increase commercialization 
for food security and promote gender inclusion and participation along the commodity value 
chains. 

Initial lessons learnt in this project indicate that enhancing the capacity of the extension staff 
and service providers has improved uptake of new technologies for dry land farming. It has 
opened up more land for farming through use of conservation agriculture in areas that hitherto 
were not under agriculture. Besides easing the pressure on previously arable land, farmers in 
the project areas have been trained to use alternative disease and pest management regimes 
using Integrated Disease and Pest Management and Push pull technologies for persistent 
pests of economic importance. 

On behalf of KALRO, I am grateful to the European Union for supporting this project 
through the IFAD and KCEP-CRAL of the Ministry of Agriculture, Livestock, Fisheries 
and Cooperatives (MoALF&C). I also appreciate the excellent coordination of the whole 
process by the KCEP-CRAL Secretariat led by Dr Anthony O. Esilaba, MoALF&C and 
other partners, scientists in participating centres, Knowledge, Information and Outreach Unit 
team and secretarial staff. It is my hope and desire that in using this manual, the expectations 
of all stakeholders will be met. 

Eliud K. Kireger, (PhD, OGW) 
DIRECTOR GENERAL, KALRO
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1 BACKGROUND 

Climate change and variability is acknowledged as a global phenomenon with potentially far-
reaching implications to many economic sectors. It is characterized by increased recurrence 
of droughts, floods, rainfall variability (pattern, timing and intensity), increased mean surface 
temperature and famine that threaten millions of people, crops and livestock systems. The 
developing countries and the poor in society are highly vulnerable to impacts of climate 
change despite the minimal contribution (less than 10%) to the annual global carbon dioxide 
emissions. The increasingly observed weather risks threaten the agricultural production 
systems and food security conditions for majority of population in Kenya. Therefore, 
sustaining farmers’ agricultural growth and minimizing climate related shocks is crucial in 
building farmers and food production system resilience. Agricultural adaptations to climate 
change need to be resilient to deal with stresses and disturbances. These adaptations can 
either be technological, institutional or policy interventions to help farmers build resilience 
to current and future climate related shocks as well as mitigating greenhouse gas (GHG) 
emissions.

Climate change is a major challenge to agricultural production systems and rural livelihoods 
in Kenya especially in the dryland regions. It has increased the already hostile conditions of 
crop production in the drylands. Food production is heavily affected by increased temperature, 
shift in rainfall patterns (onset and cessation), increased frequency and intensity of floods 
and droughts. Crop yield loss in the developing countries have risen up to 60% depending on 
crop, location, and prevailing climate scenario. This increased yield loss have largely led to 
food insecurity and other humanitarian challenges. Therefore, it is necessary to mainstream 
key adaptation options in the agricultural production systems to reduce the negative impacts 
of climate change, increase crop yields, build system resilience to climate change and 
reduce GHG emissions. Studies indicates that absence of farm-level adaptation measures 
is damaging to sustainability of the agricultural sector. These adaptation strategies include: 
(a) crop diversification and altering the timing of operations, (b) income diversification 
and credit schemes, (c) institutional changes addressing subsidies, taxes and agricultural 
markets and, (d) technological developments targeting crop varieties and advances in water 
management. 

1.1  Impacts of climate change in integrated soil-crop-livestock production 
systems
Integrated soil-crop-livestock production systems remains critical to humanity. Climate 
change have negatively imparted on these systems hence weakening the farm level-resilience. 
In these integrated production systems climate change will impact mainly on:

i. Soil fertility 

ii. Water availability (for crops and livestock production)

iii. Animal husbandry (livestock feed availability, livestock health and production) 

iv. Crop husbandry (plant nutrition and plant health.
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1.1.1 Impacts on soil fertility
Soil temperatures and soil water conditions determine the activities of soil microorganisms 
and microbial decomposition. Consequently, changes in temperature is paramount in 
nutrient cycling in integrated production systems especially where farmyard manure (FYM) 
or organic compost are used for soil fertility improvement. Therefore, variations in rainfall 
(amounts, distribution, and intensity) the predicted high incidences of floods and droughts 
will cause soil erosion, loss of fertility and biodiversity.

1.1.2 Impacts on water availability
Increase in climate variability has considerable impacts on water availability and 
environmental security for households. Variations in rainfall affect soil water availability for 
crop growth with floods and droughts causing conditions of waterlogging or water deficit at 
the crop root zone respectively. Floods and droughts impact on biodiversity by interfering 
with the populations and functions of the flora and fauna in an area. Rainfall variations also 
dictate the quality and quantity of water available for human and animal consumption. The 
impacts are more severe in the arid and semi-arid lands (ASALs) where the effects of climate 
variability are already high.

1.1.3 Impacts on livestock production
• Majority of the livestock in integrated production systems are kept under extensive or 

semi-extensive grazing systems on natural pastures. Changes in temperature, rainfall 
regime and carbon dioxide levels that affect grassland productivity and composition of 
grass species. This causes changes in animal feed availability and diets. Loss of certain 
desirable pasture species or infestation by undesirable ones may result in reduced nutrient 
availability for animals. 

• Temperature variations also interfere with animal comfort zones for feed and water intake. 
Climate change will also cause increases in animal disease and pest infestation. This is 
likely to be caused by higher temperatures affecting the rate of development of pathogens 
or parasites, shifts in disease distribution that may affect susceptible animal populations, 
and effects on the distribution and abundance of disease vectors. Similarly, livestock in 
extensive open grazing systems are likely to be more affected by these incidences of 
increased pests and diseases emergence, spread and distribution as compared to those 
under intensive management. 

1.1.4 Impacts on crop production
• Increases in temperature and carbon dioxide concentration, variations in rainfall (amounts 

and distribution) affects the quantity and quality of crop yields, forages and crop residues. 
Increase in temperatures and drought conditions can lead to crop grain yield reduction 
and failures, low quality and quantity of crop residues and forages. 
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• Although increase in carbon dioxide may have a positive effect on development and 
yields of some crops, it may also result in decreased protein concentration in the grain 
which forms an important food and feed component in integrated soil-crop-livestock 
production systems. 

• Rainfall variations lead to changes in the timing and duration of crop growing seasons, 
plant growth and yields hence affecting the temporal and spatial availability of food and 
feed resources. Such variations also interfere with the coordination of farm activities and 
affect distribution of labour and other production resources.
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2  RESILIENCE IN AGRICULTURAL SYSTEMS

2.1 What is resilience? 
Resilience is the ability of an agricultural system to maintain key functions and processes 
in the face of stresses, disturbance or pressures by either resisting or adapting to the change. 
Resilience capacity allows the system to restore its essential functions after the stress.  

In the agricultural systems, resilience involves the ability of production system to deal with 
climatic shocks such as pest infestation, rainfall variability and other stresses. The concept 
of resilience is increasingly gaining support among development agencies to enhance 
adaptation of stresses caused by climate change and other environmental impacts.

2.2 Components of resilience
There are two key components of resilience:

i. The ability of a system to absorb or resist the impacts of stresses

ii. The ability of a system to recover quickly after the stress.

2.3 Factors that imparts on the resilience of a farming system 
i. Technology - Limited awareness and access to appropriate technologies, innovations and 

sustainable agricultural management practices decreases resilience.

ii. Gender asymmetry - Existence of gender related barriers and inequalities in accessing 
resources required for food production (land, markets and credits) reduces resilience. 

iii. Knowledge and skills gaps - Limited understanding of key adaptation strategies in 
agricultural production systems under the changing climate can contribute to low 
resilience.

iv. Economy - Increased market volatility, unfair competition and speculation (structural 
adjustment and trade liberalization); low investments in agricultural infrastructure; limited 
funding for agricultural enterprises; poor post-harvest handling etc. could contribute to 
reduced resilience.

v. Environment - Extreme climatic events; physical degradation; chemical degradation; 
depletion of soil nutrients; inappropriate use of agro-chemicals in agricultural systems 
reduces resilience. 

vi. Social and political factors - Limited farm labour resources; unstable political 
environments; conflicts; limited secure tenure rights; farmer marginalization based on 
age, gender or ethnicity; limited access to financial risk management tools.
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2.4 Principles of resilience
Given the farm-level exposure and vulnerability to climatic shocks, the decisions of farmers 
need to maximize opportunities, and minimize exposure or vulnerability to shocks. They 
can reduce their vulnerability by following principles that will increase the resilience of the 
agricultural systems in which they participate. These include:

i. Maintain diversity. The more diverse a system is, the greater the resilience. A farmer 
who cultivates several crops benefits from a more diverse diet and markets as compared 
with a monoculture practising farmer who has a single marketing opportunity. 

ii. Manage connectivity. Connectivity describes the extent to which different parts of a 
system are linked together, including easy access to markets. Farming households that 
are more connected easily recover from climatic shocks. 

iii. Manage slow variables. Slow variables include land use patterns or forest cover, both 
of which influence the access to water and firewood; soil organic content etc. Access to 
or depletion of such resources can strengthen or reduce the capacity of an individual or 
community to deal with shocks.

iv. Issues fostering complex adaptive systems. In agriculture, important aspects that foster 
complex adaptive systems include strategies to deal with uncertainties, experimentation 
with different crop varieties and early warning signals.

v. Learning and experimentation. Resilience is enhanced through continuous learning 
and experimentation. This ensures that different types and sources of technologies, 
innovations and management practices are considered when developing solutions, and 
leads to greater willingness take risks by farmers.

vi. Broaden participation. Participation through active engagement of all relevant 
stakeholders is considered fundamental to building resilience. This uncovers perspectives 
that may not emerge through more traditional scientific processes.

vii. Promote polycentric governance systems. Polycentricity, a governance system in 
which multiple governing bodies interact, to make and enforce rules within a specific 
policy arena or location, achieves collective action in the face of disturbance and change. 
It also opens up for local and experience-based knowledge.

2.5 Approaches to building resilience 
In the context of climate change, resilience is dependent on vulnerability which describes 
how a system is more or less susceptible to risks associated to a climate event. Vulnerability 
is usually determined by three key factors namely: 

i. Exposure to risk. This refers to the presence and location of people, livelihoods, 
environmental services and resources, infrastructure, or economic, social, or cultural 
assets in places that could be adversely affected by physical events and which are therefore 
subject to potential future harm, loss, or damage. For example, food insecurity may result 
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from global market changes driven by drought or floods affecting crop production in 
another location.

ii. Sensitivity. This is the degree to which a system is affected by or responsive to positive or 
negative stimuli. This is a result of diverse historical, social, economic, political, cultural, 
institutional, natural resource, and environmental conditions and processes. For example, 
a society that has experienced frequent changes in government affecting governance at 
the community level is going to be more sensitive than a society with a stable political 
environment and clear systems for participating in local decision-making.

iii. Adaptive Capacity. This refers to the combination of all the strengths, attributes, and 
resources available to individuals, communities, or organizations within social and 
economic systems that can be used to achieve established goals in the face of adversities. 
This includes the conditions and characteristics that permit society at large (institutions, 
local groups, individuals, etc.) to access and use social, economic, cultural, and natural 
resources, necessary to reduce vulnerability and deal with the consequences of disaster.

Climate risks cannot be eliminated - but negative impacts on households can be reduced or 
managed through: 

i. Reducing exposure e.g. limiting non-climatic shocks at the source, or limiting their 
extension e.g. Control of pests and diseases like Fall Army Worm. 

ii. Reducing the sensitivity of systems to shocks e.g. sensitivity to drought can be 
reduced by using drought-resistant varieties; Conservation agriculture; proper agronomic 
practices; natural resource management practices like soil fertility management. 

iii. Increasing adaptive capacity e.g. through capacity building or skills development; 
enhancing input access e.g. subsidies through e-voucher system; developing markets; 
enhancing access to financial services.
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3 FARM-LEVEL RESILIENCE AND ADAPTATIONS OF AGRICULTURE 
TO CLIMATE CHANGE

3.1 Definition and concept 
A collection of practices applied in the farm to facilitate agricultural production. These 
practices target the proper and economic management of soil fertility, plant nutrition, water, 
crops and animals for sustainable increased production. 

3.2 Importance of farm-level adaptation practices
A close collaboration between soil, crop and livestock farm level practices in mixed 
production systems is crucial for economic utilization of the limited production resources 
(soil, water, labour and finances). Management of these resources is not conducted singularly 
but through integration of various practices at a particular time for the production of multiple 
outputs. The integration offers mutual benefits with soil, crops and livestock interacting to 
create positive synergies that permit maximum use of available resources and result in time 
and labour savings and improved farm output. 

Characteristic interactions between these components include the use of cultivated forages 
and crop residues as feed, the application of animal manure as organic fertilizer, land 
cultivation using animal draught power, economic transactions between crop and livestock 
enterprises, land-use conversions between rangelands and cropland and the interdependencies 
between animal husbandry and rangeland management. Majority of the farming practices 
are geared towards soil water management, soil and plant nutrient cycles, animal husbandry 
and integrated crop husbandry. 

These practices contribute to climate change mitigation by sequestering carbon through 
reduction of greenhouse gas concentration in the air and reduction of soil erosion and water 
loss and silt accumulation in rivers. The diversity in management and production makes this 
system more capable of dealing with the various climate change impacts and other socio-
economic risks than the single systems.

3.3 Farm level interventions and their contribution to climate resilience 
The following farm level management practices can be adopted by farmers in integrated 
soil-crop-livestock system to enhance productivity, improve food and nutrition security and 
enhance of resilience to impacts climate change (Table 1). The management practices are as 
follows:

a)  Management of soil fertility  
• Nutrient recycling - use of FYM for soil fertility improvement
• Proper management of FYM
• Micro dosing of FYM with small quantities of synthetic fertilizers
• Intercropping/legume intercrops (N-fixing legumes)
• Rotations using grass fallows (improved pastures),
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Soil fertility management practices in the soil-crop-livestock integration systems involve the 
use of composting manure and crop residues, more precise matching of nutrients with plant 
needs through soil nutrient analysis, and use of legumes for natural nitrogen fixation. These 
practices increase crop and pasture yields and enhance resilience of crops, while reducing 
the need for synthetic fertilizers thereby reducing the greenhouse-gas (GHG) emissions 
associated with global warning. 

Nutrient cycling is the key characteristic of the integrated production systems where crop 
residues are fed to livestock and manure from livestock is used for soil fertility improvement 
and crop production. Proper management of FYM and crop residues is necessary to avoid 
nutrient loses and pollution to the environment. Application of a combination of organic 
fertilizers from crop residues and animal wastes with minimum quantities of inorganic 
fertilizer has been proved to improve soil quality and increase productivity. This reduces 
greenhouse gas emissions through minimized use of synthetic fertilizers and controlled 
usage of animal wastes. 

Use of intercrops and crop rotations improve soil productivity especially if nitrogen fixing 
legumes and fodders are included in the intercrops and rotations. Grasses in these rotations 
can provide sinks for carbon dioxide. 

b)  Water management 
• Water harvesting and conservation 
• Application of FYM for soil water management
• Planting of legume fodders as cover crops
• Adoption of grass fallows (use improved grasses)
• Adoption of deep rooted crops/legumes in rotations

Water harvesting and conservation for crop and livestock production is important in conditions 
of rainfall variability and uncertainty (Table 2). This can be achieved through, either in-situ 
water harvesting methods such as tillage (conservation agriculture, minimum tillage, tied 
ridges) and furrows, or ex-situ methods including runoff water harvesting from roadsides 
for crop and fodder production, water harvesting and storage in tanks and water pans. Use of 
cover crops to reduce soil temperatures and water loss, adoption of grass fallows and use of 
FYM to improve soil structure and water retention are practices that soil water availability 
and increase resilience to effects of drought. Including improved fodders and grasses in 
these practices increases feed availability while reducing carbon dioxide concentrations.

c)  Improving availability of livestock feeds 

• Increased use of crop residues 

• Intercropping of cereals and legumes to improve nutrition status of residues

• Improved pastures, high value fodders (Carbon sequestration)

• Reduced herd sizes with improved livestock breeds to maximize on production.
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Crop residues provides feed for livestock in integrated soil-crop-livestock production systems 
especially during dry seasons. The effects of climate variability and change are often more 
severe on grain yields and some crops still provide substantial amounts of stover where crop 
failures result in no production of grains. Cereals can be intercropped with legumes in order 
to improve the quality of crop residues. Improved pastures and fodders need to be introduced 
to provide quality and quantity feed for livestock. Planting the pastures and fodders using 
water harvesting techniques will increase their temporal availability. 

Extensively managed livestock production common in the mixed production systems in 
Africa are associated with large herds of indigenous breeds. Reducing the herd size to match 
the available feeds minimizes livestock losses during periods of feed and water scarcity.

d)  Livestock production and health 

• Shift towards intensive grazing systems

• Reduced number of livestock /improved/high yielding animal breeds

• Improved pastures

• Improved livestock housing

• Integrated pests and disease management.

A shift towards intensive grazing, proper livestock housing, reduction in herd sizes and 
introduction of improved high yielding breeds are practices that contribute to climate change 
adaptation and resilience (Table 3). Intensive grazing goes hand in hand with introduction 
of improved pastures and manure management. Integrated pest and disease management 
incorporates biological, chemical and physical measures of protection and treatment thereby 
causing less pollution to the environment.    

e)  Crop management practices 

• Integrated Crop Management (ICM) 

• Use of animal draught power for timely farm operations

• Diversification of crop and cropping systems (CA, intercropping, rotations)

• Integrated pest and disease management

• Integration of fodder trees in soil-crop-livestock production systems. 

Integrated Crop Management (ICM) comprises a merge between organic production and 
conventional production through usage of both organic and inorganic inputs (Table 4). It 
aims for efficiency in input use in a way that avoids harm to the environment. It contributes to 
environmental and climate protection by reducing the problems in conventional production 
such as environmental pollution from use of herbicides, pesticides inorganic fertilizer. 

The use of integrated soil fertility management (ISFM) is another method of increasing crop 
and pasture productivity in mixed production systems. This involves a combined use of 
organic fertilizers, nitrogen fixing legumes, inorganic fertilizers, soil conservation and access 
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to improved varieties. Farm operations in integrated systems involve use of animal draught 
power for timely operations and labour saving. The practices jointly increase productivity 
and enhance resilience to impacts of climate change. Including fodder trees in the production 
system increases chances of feed availability. The fodder trees protect soil against erosion 
agents and increase fertility through litter fall or N-fixation if legumes are involved.

Table 1: Summary of farm level adaptation practices and mitigation benefits of integrated 
soil-crop-livestock production systems

Summary of adaptation and mitigation benefits and costs
Soil fertility management practices

Farm-Level Adaptations 
of Integrated soil-crop-
livestock production 
systems to climate change

Nutrient 
recycling and 
use of FYM 

Proper 
management 
of FYM

Micro dosing 
of FYM with 
synthetic 
fertilizers

Intercropping/legume 
intercrops, legume 
cover crops,  Rotations 
using grass fallows

A
da

pt
at

io
n 

be
ne

fit
s

Stabilizes on-farm water 
supply 

X X

Reduces runoff X X
Increases soil water 
content/infiltration 

X X

Increased resilience to 
heat/high temperature 

X

Increased resilience to 
high evaporation

X

Increased resilience to 
drought

X

Increased resilience to 
flood

X X X

Increased resilience to 
rainfall variability

X

Increased yields X X X X
Increases soil fertility X X X X
Reduces input costs X

M
iti

ga
tio

n
be

ne
fit

s

Sequesters carbon X
Reduces N2O emissions X X
Reduces CH4 emissions X X

Ti
m

e 
an

d
la

bo
ur

 c
os

ts

Time to establish 1–many years 1–many years 1–many years 1–2 years
Labour / capital costs Labour

intensive
Labour

intensive
Labour

intensive
Labour

intensive

Legend: X :significant contribution, empty cells: no contribution
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Table 2: Summary of adaptation and mitigation benefits from water management practices

Water management practices
Farm-Level Adaptations of
Integrated soil-crop-livestock production 
systems to climate change

Water harvesting 
and conservation 

FYM 
application

Deep rooted 
legumes/legume 
cover crop and 
pasture rotations

A
da

pt
at

io
n 

be
ne

fit
s

Stabilizes on-farm water
supply 

X X

Reduces runoff X X

Increases soil water
content/infiltration 

X X X

Increased resilience to
heat/high temperature 

X X

Increased resilience to high
evaporation

X X

Increased resilience to drought X X X
Increased resilience to flood X X
Increased resilience to rainfall
variability

X X

Increased yields X X X
Increases soil fertility X X X
Reduces input costs X

M
iti

ga
tio

n
be

ne
fit

s

Sequesters carbon X
Reduces N2O emissions X
Reduces CH4 emissions X

Ti
m

e 
an

d
la

bo
ur

 c
os

ts

Time to establish 1–many years 1–2 years 1–2 years
Labour / capital costs Labour

intensive
Labour

intensive
Labour

intensive

Legend: X :significant contribution; empty cells: no contribution
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Table 3: Summary of adaptation and mitigation benefits of livestock production management 
practices

Livestock production management practices

Farm-Level 
Adaptations of
Integrated soil-crop-
livestock production 
systems to climate 
change

Crop residues 
as livestock 
feed 
 

Intercropping 
of cereals and 
legumes

Improved 
pastures, 
high value 
fodders

Shift towards 
intensive 
management/
Reduced herd 
sizes/improved 
breeds and 
housing

Integrated 
pests and 
disease 
management

A
da

pt
at

io
n 

be
ne

fit
s

Stabilizes on-farm 
water supply 
Reduces runoff X X
Increases soil water
content/infiltration 

X X

Increased resilience 
to heat/high 
temperature 
Increased resilience 
to high evaporation

X

Increased resilience 
to drought

X X X

Increased resilience 
to flood

X X X X

Increased resilience 
to rainfall variability

X X X X

Increased yields X X X
Increases soil 
fertility

X X

Reduces input costs X

M
iti

ga
tio

n
be

ne
fit

s

Sequesters carbon X X
Reduces N2O 
emissions

X

Reduces CH4 
emissions

X

Ti
m

e 
an

d
la

bo
ur

 
co

st
s

Time to establish 1–many years 1–many years 1–2 years 1-many years 1–2 years

Labour / capital 
costs

Labour
intensive

Labour
intensive

Labour
intensive

Cost 
intensive

Cost
intensive

Legend: x :significant contribution, empty cells: no contribution
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Table 4: Summary of adaptation and mitigation benefits of crop production management 
practices

Crop production management practices
Farm-Level 
Adaptations of 
integrated soil-
crop-livestock 
production systems 
to climate change

Integrated crop 
management 
(ICM) 
 

Use of animal 
draught power 
for timely farm 
operations

Diversification 
of crop and 
cropping 
systems

Integrated 
pest and 
disease 
management

Integration of 
fodder trees 
in soil-crop-
livestock 
production 
systems

A
da

pt
at

io
n 

be
ne

fit
s

Reduces runoff X X
Increases soil 
water
content/infiltration 

X X X

Increased 
resilience to
heat/high 
temperature 

X X

Increased 
resilience to high 
evaporation

X X

Increased 
resilience to 
drought

X X X

Increased 
resilience to 
rainfall variability

X X X X

Increased yields X X X X X
Increases soil 
fertility

X X X X

Reduces input 
costs

X X

M
iti

ga
tio

n
be

ne
fit

s

Sequesters carbon X X
Reduces N2O 
emissions

X X

Reduces CH4 
emissions

Ti
m

e 
an

d
la

bo
ur

 c
os

ts

Time to establish 1–many years 1–many years 1–many years 1-many 
years

1–many years

Labour / capital 
costs

Cost
intensive

Labour
intensive

Labour
intensive

Cost
Intensive

Labour
intensive

Legend: X :significant contribution, empty cells: no contribution
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4 PRACTICES THAT BUILD RESILIENCE IN AGRICULTURAL 
SYSTEMS 

4.1 Soil Health management practices 

4.1.1 Introduction
Soil health, or the capacity of the soil to function, is critical to human survival. Soil 
health constraints beyond nutrient limitations and excesses currently limit agro-ecosystem 
productivity and sustainability, resilience to drought and extreme rainfall, and progress in 
soil and water conservation. With mounting pressure to produce food, feed, fibre, and even 
fuel for an increasing population, soil health is gaining national and international attention. 

Both assessment and management of soil health, as well as farmers’ innovations in soil 
health management approaches have matured over the decades. It is important for the public 
to recognize the importance of maintaining and rebuilding healthy soils for sustainable 
agricultural production. 

Definition of Soil Health 
a. A healthy soil is a soil that has the capacity to sustain soil biodiversity while maintaining 

water and air quality, and supporting human health and habitation. 

b. A healthy soil should have the following attributes: good soil tilth, sufficient depth, 
good water storage, good drainage, sufficient supply of nutrients, and few populations of 
plant pathogens and insect pests. Otherwise healthy soil should have large population of 
beneficial organisms and low weed pressure. Such soil should also be free from chemicals 
and toxins that may harm crops, resistant to degradation and resilient when unfavourable 
conditions occur.

4.1.2 Importance of Soil Health on Social, Environmental, Ecological and 
Economic Situations  
Soil health plays an important role in agricultural productivity, environmental resilience and 
ecosystem sustainability. The main services that healthy soils provide can be summarized 
as follows:

a. Transformation of Carbon: Soil organisms decompose plant residues and waste from 
animals. Favourable environmental conditions allow organisms to develop and synthesize 
new carbon structures, including soil organic matter (SOM) – a very important component 
of the soil. Soil organic matter improves nearly all soil properties, including moisture 
retention, soil structure, drainage, nutrient storage - and therefore plays a vital role in 
many functions of soil. The ability of soil to store carbon is important in reducing the 
amount of carbon dioxide in the atmosphere, thereby regulating the climatic conditions. 
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b. Nutrient Cycling: Most nutrients are essential for plant growth. Such nutrients are 
related to organic matter. In particular, the availability of nitrogen (the most important 
plant nutrient) directly depends on the amount of and the biological activity of the soil 
(i.e. the ability of the soil to breakdown and mineralize organic matter). 

c. Soil Structure: Soil particles are aggregated or released, forming structures and pore 
networks. These provide habitats for organisms, allows water to infiltrate, and also offer 
plants favourable rooting environments. 

d. Natural Regulation: Pests and diseases of plants and animals (including humans) are 
regulated through biological processes in soils. Through bio-controllers such as predators, 
and microbivores, microorganism populations are naturally regulated or controlled.   

4.1.2.1 Impacts of Climate Change on Soil Health
Soils are intricately linked to the atmospheric/climate system through the carbon, nitrogen, 
and hydrologic cycles. Due to this, altered climate will have an effect on soil processes 
and properties. Carbon and nitrogen are major components of soil organic matter. Organic 
matter is important for many soil properties, including structure formation and maintenance, 
water holding capacity, cation exchange capacity, and for the supply of nutrients to the soil 
ecosystem.

Climate change influences precipitation and temperature patterns which modifies the soil 
system through their influence on decomposition rates, which could increase the turnover 
of soil organic carbon. The soil organic carbon is a key driver for soil structural stability, 
soil microbial diversity and population and the related processes of nutrient cycling and 
dynamics within the soil system. Table 5 shows a summary of the impacts of climate change 
on soil health.  

Table 5: Impact of climate change on soil health

Climate 
change 
indicators

Effect on soil health Impact on soil health Crop production 
influence 

Increased 
Atmospheric 
temperature

a) Increased soil organic 
matter decomposition 

b) Reduced soil organic 
matter content

c) Reduced soil aggregate 
and structural stability 
and water retention

d) Reduced microbial 
population, diversity 
and activities

e) Reduced ability to 
retain and supply 
crucial nutrients to 
crops

a) Increased C and 
N gases emissions 
resulting in 
reduced soil 
organic matter and 
the soil’s capacity 
to retain and 
supply nutrients to 
crops.

b) Reduced water 
holding capacity 
and microbial 
activities of soils 

 

a) Reduced 
crop yields 
through altered 
photosynthesis, 
respiration, carbon 
(C) and nitrogen 
(N) metabolism, 
transpiration and 
stomata sensitivity, 

b) Reduced crop 
yields through 
limited water and 
release of nutrients 
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Climate 
change 
indicators

Effect on soil health Impact on soil health Crop production 
influence 

Increased 
rainfall intensity 

a) Increased soil erosion, 
leaching of soil 
nutrients and soil 
acidity

b) Reduced base 
saturation or limited 
availability of basic 
nutrients (calcium, 
potassium and 
magnesium) 

c) Increased pests & 
diseases and weeds 
infestation   

a) Increased ground 
water pollution, 
soil acidity, 
loss of nutrients 
from leaching, 
unavailability of 
nutrients due to 
fixation.

b) Toxic levels of 
iron (Fe) and 
aluminium (Al) in 
soil solution

c)  Increased pests 
& diseases and 
weeds infestation   

a) Reduced crop 
yields from low 
nutrients through 
leaching and 
fixation 

b) Low quality yields 
from inadequate 
nutrients 
availability

c) Reduced crop 
yields through 
damaged crop roots 
by toxic levels of 
Al and Fe.

d) Reduced crop 
yields through 
pests & disease 
attack

Reduced 
rainfall intensity 

a) Increased accumulation 
of salts in the soil 
profile, 

b) Reduced uptake 
of nutrients due to 
osmotic pressures and 

c) Destruction of soil 
aggregates and 
structure 

a) Unstable soil 
aggregates and 
soil structure, 

b) Poor drainage 
and limited water 
infiltration,

c) Limited root 
exploitation 

d) Poor water and 
nutrients uptake 
by crops.  

a) Poor or no crop 
growth through 
limited roots 
penetration & 
growth into the soil

b) Reduced crop 
yields or crop 
failure and

c) Reduced crop 
yields through 
limited water & 
nutrients  

4.1.2.2 Challenges and implications of a failed (Poor) Soil Health
It is important to recognize soil constraints that limit crop productivity, farm sustainability, 
and environmental quality. In this way management practices can be adjusted to alleviate 
the constraints commonly observed along with some contributing factors and resulting soil 
conditions (Table 6).
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Table 6: Challenges and implications of a failed (poor) Soil Health

Observed 
challenge or  
Constraint

Contributing Factors Resulting Soil 
Condition

Interventions 
Management Practices

Soil compaction 
(surface 
hardness) 

a) Traffic or tillage 
when soil is wet 

b) Heavy equipment 
and loads

c) Uncontrolled traffic 
patterns 

a) Reduced root 
growth in surface 
and subsurface 
soils

b) Limited water 
infiltration, 
resulting in runoff, 
erosion, ponding 
and poor aeration

c) Drought sensitivity 
due to reduced 
water storage and 
reduced rooting

d) Reduced nutrient 
access due to poor 
root growth and 
restricted water 
flow

e) Increased pathogen 
pressure due to 
poor drainage and 
to plant stress

f) Increased cost of 
tillage and lower 
yields

a) Perform some 
mechanical soil 
loosening (deep 
tillage)

b) (strip till, reduced 
tillage)

c) Use cover crops
d) Use a living mulch or 

inter-seed cover crops
e) Shallow-rooted cover/

rotation crops

Subsurface 
hardness

As above As above a) Avoid traffic on wet 
soils.

b) Avoid excessive 
traffic /tillage /loads.

c) Use controlled traffic 
patterns / lanes.

d) Use targeted deep 
tillage (sub-soiler, 
chisel plough)

e) Plant deep rooted 
cover crops.

f) Avoid plough/disks 
that create pans

g) Avoid heavy loads.
h) Reduce traffic when 

subsoil is wet.
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Observed 
challenge or  
Constraint

Contributing Factors Resulting Soil 
Condition

Interventions 
Management Practices

Poor 
Aggregation

a) Intensive tillage
b) Limited use of soil 

building crops and 
soil cover

c) Low active rooting 
density

d) Limited duration of 
root presence during 
the year

e) Limited organic 
additions

f) Low biological 
activity to stabilize 
aggregates

a) Crusting and 
cracking

b) Poor seedling 
emergence 
and stand 
establishment

c) Poor water 
infiltration and 
storage

d) Increased 
occurrence of 
erosion and runoff

e) Reduced root 
growth

f) Less active 
microbial 
communities

g) Reduced aeration
h) Reduced drought 

resistance due to 
decreased water 
intake during 
rainfall events

a) Incorporate fresh 
organic materials 
including agro-
forestry biomass, cut 
and carry biomass. 
etc.

b) Use shallow-rooted 
cover/rotation crops.

c) Add manure, green 
manure, mulch

d) Reduce tillage.
e) Use a surface mulch.
f) Rotate with sod crops 

and mycorrhizal hosts

Heavy weed 
infestation 

a) Poor crop rotations 
and omission of 
cover crops

b) Resistance to 
herbicides

c) Poor weed 
management, 
poor timing of 
management 
practices

a) Poor stand 
establishment and 
crop growth

b) Poor crop quality 
and reduced yield

c) Increased disease 
and pest damage

d) Weedy beet field 
e) Symptoms of root 

rot diseases on pea 
roots.

f) Application of 
liquid manure to 
increase water and 
nutrient retention

g) Interference with 
cultural practices 
and harvest

h) Increased cost of 
weed control
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Observed 
challenge or  
Constraint

Contributing Factors Resulting Soil 
Condition

Interventions 
Management Practices

High pests 
and pathogen 
pressure

a) Poorly planned crop 
rotations and low 
rotational diversity

b) Ineffective residue 
management

c) Poor sanitary 
practices 
(equipment, tools, 
vehicles not cleaned 
between operations)

d) Low microbial 
diversity, resulting 
in reduced 
suppressiveness

e) Poor physical 
soil functioning, 
particularly water 
logging, or other 
plant stress inducing 
conditions

a) Damaged and 
diseased roots

b) Uneven and poor 
growth

c) Reduced yields, 
crop quality, and 
profits

a) Use of biological 
pesticides (e.g. 
pyrethrin) dusted on 
seeds

b) Incorporate fresh 
organic materials 
including agro-
forestry biomass, cut 
and carry biomass 
etc.

c) Add manure, green 
manure, mulch

d) Add compost 
e) Incorporate high 

biomass cover crop

Low Water 
Content and 
Retention

a) Low organic matter 
and resulting poor 
structure, water

b) holding capacity, 
and exchange 
capacity

c) Poor retention and 
biological recycling 
of nutrients in 
biomass

d) and soil organic 
matter

e) Excessive tillage
f) Insufficient use of 

soil building crops

a) Ground and 
surface water 
pollution

b) Reduced microbial 
community

c) Nutrient 
deficiencies and 
poor plant growth

d) Drought stress

a) Add stable organic 
materials, mulch

b) Add compost 
c) Incorporate high 

biomass cover crop
d) Reduce tillage
e) Rotate with sod crops

Low nutrients 
content and 
retention  

a) High rainfall
b) High erosion (runoff 

water or wind)
c) Low organic matter
d) High leaching levels
e) Heavy and 

continuous cropping

a) Ground and 
surface water 
pollution

b) Reduced microbial 
community

c) Nutrient 
deficiencies and 
poor plant growth

d) High pollution of 
water bodies

e) High 
sedimentation of 
low land areas and 
valley bottoms

f) Reduced soil 
conditions  

a) Add stable organic 
materials, mulch

b) Add compost 
c) Incorporate high 

biomass cover crop
d) Add appropriate 

inorganic fertilizers 
e) Add combination 

of farmyard manure 
or compost and 
appropriate inorganic 
fertilizers
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Observed 
challenge or  
Constraint

Contributing Factors Resulting Soil 
Condition

Interventions 
Management Practices

Low soil pH a) High rainfall
b) Low organic matter
c) High leaching levels
d) High erosion (runoff 

water or wind)

a) Ground and 
surface water 
pollution

b) Reduced microbial 
community

c) Nutrient 
deficiencies and 
poor plant growth

d) High pollution of 
water bodies

e) High 
sedimentation of 
low land areas and 
valley bottoms

f) Reduced soil 
conditions  

a) Add lime or wood ash 
as per soil test and 
recommendations.

b) Add calcium 
sulphate (gypsum) 
in addition to lime if 
aluminium is high, 
- as per soil test and 
recommendations.

c) Use less ammonium 
or urea

d) Test soil annually & 
add “maintenance” 
lime as per soil test 
and recommendations 
to keep pH in range 
of 6.5 – 8.0

e) Raise organic matter 
to improve buffering 
capacity

High soil pH a) Low rainfall
b) High evaporation /

evapotranspiration 
rates

a) Loss of crop yield 
and quality

b) Loss of 
aggregation and 
thus infiltration and 
drainage functions 
if sodicity is the 
problem

c) Drought stress
d) High accumulation 

of salts 

a) Stop adding lime or 
wood ash

b) Add elemental 
sulphur per soil test 
recommendations

c) Test soil annually
d) Use higher % 

ammonium or urea

Salinity and 
Sodicity

a) Frequently found in 
semi-arid and arid 
climates, especially 
under irrigated 
systems

b) High temperatures 
c) High evaporation /

evapotranspiration 
rates

a) Loss of crop yield 
and quality

b) Loss of 
aggregation and 
thus infiltration and 
drainage functions 
if sodicity is the 
problem

c) Drought stress
d) High accumulation 

of salts

a) Incorporate fresh 
organic materials

b) Use shallow-rooted 
cover/rotation crops

c) Add manure, green 
manure, mulch

d) Use a surface mulch/
crop residues

e) Rotate with sod crops 
and mycorrhizal hosts

f) Use salt- free water 
for irrigation
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Observed 
challenge or  
Constraint

Contributing Factors Resulting Soil 
Condition

Interventions 
Management Practices

Heavy Metal 
Contamination

a) Common in urban 
areas and other sites 
with past use of 
contaminant sources 
such as lead paint, 
fertilizers, pesticides 
(e.g., lead arsenate 
use on orchard land)

b) Past activities 
such as high 
traffic, industrial 
or commercial 
activity, treated 
lumber, petroleum 
spills, automobile or 
machine repair, junk 
vehicles, furniture 
refinishing, fires, 
landfills, or garbage 
dumps

c) Naturally occurring 
high heavy metal 
concentrations are 
generally rare in 
soils 

a) Higher risks of 
human exposure 
when children or 
adults swallow 
or breathe in soil 
particles or eat 
food raised in or 
on contaminated 
soil

b) Inhibition of soil 
biological activity

c) Plant toxicity, and 
reduced yield and/
or crop quality

4.1.2.3 Indicators of a failed (poor) soil health

Indicators of a failed soil health include: soil compaction (surface & subsurface hardness); 
poor aggregation; low water and nutrient retention; high weed and pathogen pressures; 
salinity, sodicity and heavy metal contamination (Table 7). 

Table 7: Indicators of a failed (poor) soil health 

Soil 
Type

Indicators
Surface & 
subsurface 
hardness

Poor 
aggregation

Low 
Water and 
Nutrient 
Retention

High 
Weed and 
pathogens

High 
Acidity or 
Alkalinity

Salinity 
and 

Sodicity

Heavy Metal 
Contamination

*A 
failed 

or poor 
healthy 

soil 

Has Has Has Has Has Has Has

A 
healthy 

soil

 

Does not 
have

Does not 
have

Does not 
have

Does not 
have

Does not 
have

Does not 
have

Does not have

*Poor healthy soil may have one or more of the indicators that makes it poor
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4.1.3 Assessment of soil health: Tools for assessment – soil sampling testing
Soil health assessment involves processes where many potential indicators are evaluated for 
their use in standardized, rapid, quantitative assessment of soil health based on relevance to 
key soil processes, response to management, and complexity of measurement. 

Soil assessment or testing starts with the correct procedure of taking of soil samples using 
appropriate tools. Soil sampling is a systematic collection of soil samples in a farm for 
analysis. 

Soil analysis is the chemical, physical or microbial technique that estimates the availability 
of nutrients, particles and organisms in the soil for plant growth. Soil contamination and 
presence of toxic elements is also done through soil analysis. The basic soil test involves the 
determination of components that are of significance to crop growth such as pH, phosphorus, 
calcium, potassium, magnesium, sodium, cation exchange capacity, base saturation and bulk 
density. 

The test methods used in nutrients determination in soils and plant tissue correlate the 
relationships between the quantity and mineral form of the essential elements present in the 
soil and plant. This enables the land user to know what is needed to ensure the condition of 
the soil is suitable for the crop to reach its genetic yield potential. The soil and plant tissue 
tests are the most reliable method for identifying and confirming the nutrient deficiencies.  

4.1.3.1 Steps of soil sampling: 
i. Remove debris from the ground surface at the point where the sampling is to be done.

ii. Use an auger to dig a small hole about 20cm deep (top soil sample).

iii. Place into clean container.

iv. Optional - At each of the 10 sub-sample locations, collect soil hardness information with 
a penetrometer.

v. Record maximum hardness (in psi) from the 0-6” and at the 6-18” depth ranges on the 
Submission Form.

vi. Repeat steps A – D to collect the remainder of the sub-samples. Mix thoroughly and 
transfer 3-6 cups of soil into a clearly labelled re-closable freezer bag. The amount of soil 
required depends on the analysis package selected. 

4.1.3.2 Importance of soil sampling and testing
i. To establish baseline soil nutrient status.

ii. To measure changes in soil nutrient status over time.

iii. To assess the overall nutrient status of different soil types essential for crop growth and 
development.
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iv. To predict nutrient deficiencies in current or succeeding crops.

v. Establish fertilizer application recommendations (types and rates). This helps to avoid 
excessive nutrient application or accumulation of soluble salts.

vi. To assess nutrients removed in crop residues.

vii. To monitor the soil pH (acidity and alkalinity) and organic matter content.

viii. For soil biological characterization.

ix. For soil physical characteristic evaluation (soil physical characteristics are crucial 
determinants of the plant rooting pattern).

4.1.3.3 What to consider when undertaking soil sampling
When carrying out soil sampling, it is important to ensure that the samples are representative 
of the whole farm, portion of the farm or the locality being mapped out. It is important to 
always take separate soil samples where farm features differ because they have an effect on 
soil fertility. Features associated with soil fertility variability in the farm includes:

i. Topography (slope length or gradient, rocky outcrops).

ii. Soil types (texture, colour).

iii. Land degradation intensities (erosion sites, vegetation cover and type).

iv. Land-use history (past land use, cropping systems and fertility inputs applied)

v. Current land use, - including farm structures, trees/crop(s) grown and soil conservation 
measures in place

vi. Distance from the roads (paths), homestead and livestock facilities.

4.1.4 Interventions for enhanced soil health 
After establishing the soil health status and identifying constraints from soil testing, the next 
action is to identify feasible management options. The potential management options are 
summarized in Table 8. 

Table 8: Interventions for enhancing soil health 

Intervention Targeted 
constraint(s)  

Contribution 
to resilience Cost Adaption

Reduced 
tillage (CA)

a) Low soil organic 
matter content 

b) Limited soil 
water content 

c) Poor soil 
aggregation

d) Low water retention
e) High soil 

erosion status  

a) Restores soils 
physical, chemical 
and biological status 

b) Reduces soil erosion 
c) Improves  

environmental 
biodiversity

Reduced 
tillage, soil 
conservation 
and  soil 
restoration 
costs 

Easily adaptable 
due to low costs
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Intervention Targeted 
constraint(s)  

Contribution 
to resilience Cost Adaption

Crop rotations 
and intercrops 
(crop 
diversification)

a) High pests & 
disease infestation

b) Low soil organic 
matter content

c) Low soil 
nutrients levels 

a) Reduces pests & 
diseases incidences

b) Increases soil 
nutrients 

c) Provides diverse 
sources of food, 
feed and revenue

Biological 
control of pests 
and diseases 
and increasing 
nutrients levels 
are usually of 
reduced costs. 

Easily adaptable 
due to low costs   

Growing 
cover crops

a) Low soil organic 
matter content

b) Poor soil 
aggregation

c) Low water retention
d) Low soil fertility
e) High erosion

a) Restores soils 
physical, chemical 
and biological status

b) Reduces soil erosion 
c) Provides diverse 

sources of food, 
feed and revenue 

Reduces soil 
conservation 
and  soil 
restoration 
costs

Easily adaptable 
due to low costs   

Agro-forestry a) Low soil organic 
matter content

b) Poor soil 
aggregation

c) Low water retention
d) Low soil fertility
e) High soil 

erosion status 

a) Restores soils 
physical, chemical 
and biological status 

b) Reduces soil erosion 
c) Provides diverse 

sources of food, 
feed and revenue

Reduces soil 
conservation 
and  soil 
restoration 
costs

Easily adaptable 
due to low costs   

Inoculation of 
leguminous 
crops

a) Low soil 
nitrogen levels

b) Expensive inorganic 
nitrogen fertilizers 

a) Increases soil nitrogen 
and availability of 
other nutrients

b) Reduces use of 
inorganic fertilizers  

Reduces 
restoration 
of soil and 
nitrogen 
levels costs  

Easily adaptable 
due to low costs   

Integrated 
Soil Fertility 
Management 
(ISFM) 

a) Low soil 
nutrients levels

b) Low soil organic 
matter content

c) Poor soil 
aggregation

d) Low water retention

a) Increases soil 
nutrients and 
organic matter 

b) Restores soil physical 
and chemical status 

c) Reduces application 
of ex-situ soil 
fertility inputs.    

Reduces, 
though to 
lesser extent, 
restoration 
of soil status 
and nutrients 
levels costs  

Easily adaptable 
due to reasonably 
low costs   

Organic 
fertilizer 
addition 

a) Low soil organic 
matter content

b) Poor soil 
aggregation

c) Low soil water 
retention

d) Low soil 
nutrients levels

a) Restores soils 
physical, chemical 
and biological status 

b) Reduces use of 
inorganic fertilizers   

Reduces soil 
conservation 
and  soil 
restoration 
costs

Easily adaptable 
due to low costs   

Inorganic 
fertilizer 
addition

a) Low soil 
nutrients levels

Increases soil 
nutrients levels

High Not easily 
adaptable due 
to high costs   

Acidic soil 
liming

b) Low soil pH level 
c) Low soil basic 

cation levels 
Ca & Mg)

d) Toxic levels of 
micro nutrients

e) Low soil P 
nutrient level

Increases soil pH and 
basic cation levels, 
reduces toxic levels 
micro-nutrients and 
increases availability 
of P and Mo to crops. 

Low Easily adaptable 
due to low costs   



25

4.1.5 Contributions to resilience to climate change
• Contributions to ecological resilience. Various adaptations of soil management increase 

resilience to climate change through improving soil water retention, increasing soil 
biodiversity, increasing soil carbon and organic matter content.

• Contributions to economic resilience. Through the increase in soil organic matter, yields 
are improved, thereby increasing production and by extension, in most cases farm income.

• Contributions to social resilience. Adapting soil management practices to climate 
change holds some potential for greater social resilience by building social capital – 
through recognition of the ecosystem services that the farmers offer through good soil 
management practices (such as reduced erosion and run-off as well as reduced silting of 
rivers).

4.2 Rainwater harvesting and management practices

4.2.1 Introduction
Water is central to the sustainable functioning of ecosystems on which our socioeconomic 
activities depend on. For example, it is essential for agricultural production, energy 
generation, as well as for industrial production and domestic use. Agriculture is the primary 
user of freshwater and relies on rainfall and irrigation for continuous supplies. 

Under rain fed agriculture, farmers are highly vulnerable to increased precipitation variability. 
Further risks to agriculture and yields stem from increasing frequencies of extreme weather 
events. Extreme weather events in the form of floods and droughts are already causing major 
disruptions and losses in agricultural production systems, particularly where no adaptation 
solutions are in place to mitigate the risks.

Investments in technologies that secure water availability are important adaptation measures 
that enhance resilience of crop and livestock production systems. Adaptation of water 
harvesting and management technologies buffer agricultural and livestock systems against 
prolonged dry spells and droughts. 

4.2.2 Principles of rainwater harvesting and management
i. Effective use of rainwater. Intense rainfall downpours are not readily used by crops. 

Harvesting and storage techniques increases the availability of water during the drier 
seasons. 

ii. Minimize rain water runoff. Run off is where water runs across the surface away from 
where the crop can use it. There is need for structures such as contour schemes, terracing, 
pits and bunds reduce run-off and increase water availability for crops. 
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iii. Reduce water losses through drainage. When water drains out of the soil, not only is 
it wasted but essential mobile nutrients such as nitrogen are also washed out. Adding 
organic matter in the form of compost, manures or plant residues will increase the amount 
of water retained by soil can retain, but this will only have an effect if it is added over a 
longer period of years. 

4.2.3 Rainwater harvesting for infiltration (in-situ water harvesting)
Rainwater harvesting for infiltration, also known as in-situ water harvesting, is a practice 
in which rainwater uptake in soils is increased through the soil surface, rooting system 
and groundwater. Soil effectively acts as the storage agent, which improves water holding 
capacity and fertility and reduces risks of soil loss and erosion. Due to variable and 
unpredictable weather patterns these technologies have served as an important water source 
for agriculture. Apart from its predominant function of improving cropland and vegetation, 
it can also help ensure sustainable water supplies for livestock or domestic use through 
improved recharge of nearby water-flows or ponds, as well as groundwater. The Common 
examples of water harvesting practices include bench terraces, ‘Fanya juu’ terraces, Check 
dams, Contour bunds and hedgerows, Planting Pits / Zai pits, Katumani Pits, Stone lines, 
Trash lines, Grassed waterway, Retention ditches. Below is a simple synopsis of each the 
technologies.

4.2.3.1 Contour - bunds and hedgerows 
Contour bunds are stone or earthen walls built across a slope to prevent runoff. The aim 
of contour bunds and hedgerows is to concentrate moisture into the ridge and furrow area 
where the crops are planted. A well-designed hedgerow with the capacity to prevent erosion 
and increase soil organic matter will improve the water balance. Trees on contour bunds help 
stop water runoff, and windbreaks reduce soil water evaporation. In addition tree litter and 
branch pruning provide organic mulching materials thus increasing ground cover and soil 
organic matter. 

4.2.3.2 Bench terraces 
Terraces have the potential of improving farmers’ livelihoods and increasing the resilience 
of a degraded environment. Bench terraces consist of a series of beds which are more or less 
level running across a slope at vertical intervals, supported by steep banks or risers (walls or 
bunds). The flat beds created by bench terraces enable the cultivation of crops on medium 
to steep slopes. Terraces are principally designed (1) to reduce soil losses through enhanced 
retention and infiltration of runoff, (2) to promote permanent agriculture on steep slopes and 
(3) to promote land consolidation and intensive land use.
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4.2.3.3 ‘Fanya juu’ terraces
Fanya-juu terraces, is a soil and water conservation measure employed in degraded agricultural 
landscapes. It helps preserve valuable top soil rich in soil organic matter, promoting the 
use of fewer inorganic farm inputs to sustain yields, which have positive economic and 
ecological consequences for both farmers and the environment. Fanya juu terraces (juu is 
Kiswahili word for ‘up’) are constructed by excavating soil and throwing it up-slope to make 
an embankment. The embankment forms a runoff barrier and the trench (ditch) is used to 
retain or collect runoff. The embankments are usually stabilized with fodder grasses. 

4.2.3.4 Stone Lines
Stone Line is a sustainable land management technology that has a proven track record in 
Africa especially among the smallholder farmers in arid and semi-arid lands (ASALS) for 
climate change adaptation. Stone lines are 25 - 35 cm contour lines made of locally available 
stones. They slow down runoff, increase water infiltration and form the basis for improved 
production in semi-arid areas.

4.2.3.5 Trash Lines
Trash lines are created across the slope along the contour using previous seasons’ crop 
residues (millet, maize and sorghum stalks), grasses, litter and other dead vegetative organic 
materials. Trash lines control surface runoff, soil erosion and enhance water infiltration. In 
long run, the materials used to make trash lines decompose adding up organic matter in the 
soil.

4.2.3.6 Retention Ditches
Retention ditches are designed to harvest and retain incoming runoff and hold it until it 
infiltrates into the ground. They can be an alternative to waterways in high rainfall areas. 
However, they are most often used in semi-arid areas.

4.2.3.7 Grass strips
Grass strips are one metre-wide strips of grass planted on terraces along contours to reduce 
the amount of water flowing down the slope and conserve soil. This technique can be 
practiced in wet and moist areas. Grass strips are planted with fodder grass such as Napier or 
are left with natural grass; thereby providing fodder to livestock.

4.2.3.8 Check dams
A check dam is a small temporary or permanent barrier constructed of rock, gravel bags, 
sandbags, fibre rolls, or reusable products, placed across a gully, channel or drainage to lower 
the speed of flows from storm events. Check dams ease the slope of a gully by providing 
periodic steps of fully strengthened material that collect and hold soil and moisture at the 
bottom of the slope. Check dams enable growing of tree seedlings, shrub and grass in gullies 
by protecting them from being washed away by flowing water. 
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4.2.3.9 Zai pits
Zai pits are 10-15 cm deep, 15-50 cm wide and 80-100 cm apart. The pits promotes an 
integrated soil, water and nutrient management by retaining water. Retention of crop residues 
on the soil surface support the pits in improving soil fertility and crop productivity. Adaption 
of zai pits is reported to reduced soil erosion, and also enhance soil carbon sequestration.

4.2.3.10 Tied ridges
Tied ridges are small earthen ridges, 30 cm high, with an upslope furrow which accommodates 
runoff from a catchment strip between the ridges. They increase the water that is available 
to plants by collecting rainfall from unplanted sloping basins and catching it in furrows and 
ridges.

4.2.3.11 Soil moisture conservation techniques
The main objective of soil moisture conservation is to minimize the amount of water lost 
from the soils through evaporation (water loss directly from the soil) and transpiration (water 
loss occurring through the plants) – or combined, the evapotranspiration. Preserving soil 
moisture is important means to maintain the necessary water for agricultural production, 
and also helps minimize irrigation needs of the crops. This is especially important in areas 
where rainwater and/or groundwater resources for irrigation are scarce or decreasing due to 
climate change or other causes. Examples of methods for reducing excess soil moisture loss 
include following:

i. Spreading manure or compost over the soil – this minimizes evapotranspiration and also 
provides valuable nutrients to the soil through processes of decomposition

ii. Mulching - mulch is a layer of organic (or inorganic) material that is placed on the 
root zone of the plants. Examples of mulch materials include straw, wood chips, peat. 
Inorganic mulch in form of plastic sheeting is also used. Mulching is most suited for low 
to medium rainfall areas, and less suited for areas with very wet conditions

iii. Conservation tillage- reducing or in extreme cases completely eliminating the tillage to 
maintain soil structure, increase soil organic levels which increases the soils capacity to 
absorb and retain water. In conservation tillage crop residue is left in the soil to reduce 
evapotranspiration and protect the soil surface from wind, sun and heavy rain impacts.

iv. Crop rotation – growing different types of crops every other season improves soil 
structure and water holding capacity. Examples include rotating deep-rooted and 
shallow rooted crops that make use of previously unused soil moisture, as plants draw 
water from different depth levels within the soil. Crop rotation may also improve soil 
fertility and help control pests and diseases. 

v. Green manure – this is growing of plant materials with the purpose of adding organic 
matter to the soil. The improved soil quality then also improves water retention capacity. 

vi. Mixed cropping and inter-planting – this involves cultivating a combination of crops 
with different planting times and different length of growth periods.
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vii. Contour ploughing – by ploughing the soil along the contour instead of up- and 
downward slopes, the velocity of runoff is reduced, creating even barriers, and more 
water is retained in the soils and distributed more equally across the cropland.

viii. Strip cropping - growing erosion permitting crops and erosion resisting crops in alternate 
strips.

4.2.4 Rainwater harvesting for storage (ex-situ rainwater harvesting)
Rainwater harvesting for storage, also known as ex situ water harvesting, is a practice in 
which rainwater is collected and stored for productive use, for example drinking water, 
agriculture, sanitation and more. The rainwater can be directly captured in open storage 
systems, but can also be collected from roofs, soil surfaces or roads. The practice is important 
in arid and semi-arid areas that may experience extended periods without rain mixed with 
periods of intense precipitation. 

4.2.4.1 Rooftop Water harvesting with above ground tank
A roof becomes a catchment when it is used for harvesting rainwater. Then it can be called a 
Roof catchment. Roofs are the most common types of catchment used for harvesting rainfall. 
In most cases, roof catchment systems provide water that can be used for domestic purposes. 
However, roof runoff harvesting is also used for agricultural purposes including micro-
irrigation of kitchen gardens, watering livestock, and for bee keeping projects. The tank size 
is dependent on the rainfall regime, the water demand and roof area available.

4.2.4.2 Water pans
Water pans are shallow depressions (1 m to 3 m deep) constructed to collect and hold runoff 
water from various surfaces including from hillsides, roads, rocky areas and open rangelands. 
When properly designed and with good sedimentation basins, the water collected can be 
used for livestock watering or to supplement the irrigation of crops.

4.2.4.3 Small earthen dams
When larger quantities of water are desired, earthen dams are preferred. An earthen dam 
is constructed either on-stream or off-stream, where there is a source of large quantities of 
channel flow. The dam wall is 2 - 5 m high and has a clay core and stone aprons and spillways 
to discharge excess runoff. Volume of water ranges from hundreds to tens of thousands of 
cubic meters. Earth dams can provide adequate water for irrigation projects as well as for 
livestock watering. Sediment traps and delivery wells may help to improve water quality but, 
as with water from earthen dams, it is usually not suitable for drinking without being subject 
to treatment. The cost implication is the limiting factor.

4.2.4.4 Sand dams
Many seasonal rivers in the semi-arid areas of Kenya have sand. Though dry for most part of 
the year, these rivers flood during the rainy season. A sand dam is a wall constructed across 
the stream to restrict surface flow. The height of the dam wall is increased by 0.3 m after 
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floods have deposited sand to the level of the spillway (Figure 1). The water in the sand dam 
can be reserved for a long time due to low evaporative losses. The most convenient way to 
harvest water in a sand river is by sand.

Figure 1: Sand dam for water harvesting 

4.2.4.5 Wells and boreholes
In regions without notable and reliable surface water resources it is necessary to obtain water 
from underground sources such as wells and boreholes. 

4.2.5 Contribution of rainwater harvesting and management practices to climate 
change resilience
Ecologically most of the rainwater water harvesting practices reduces the destructive effects 
of runoff, enhancing water infiltration thereby contributing to environmental protection. 
By harvesting water, the farmer increases the on-farm livelihood options, decoupling farm 
production from direct dependence on rainfall which are more variable with climate change. 
Harvesting water in water pans offers a window for diversification where for example 
farmers can practice integrated systems using the water pan can serve as a fish pond.

The benefits of many soil moisture conservation methods, depending on the material used, 
may also include better control of weeds, provision of additional nutrients to the soil, soil 
temperature control and protection of soil surface from the impacts of heavy rain and wind.

Cumulatively adoption of these technologies (soil moisture conservation techniques, 
rainwater harvesting for infiltration, rainwater harvesting for storage and improved irrigation 
efficiency) would increase community resilience to changing water availability. Table 
9 and 10 provides a summary of the benefits of different rainwater water harvesting and 
management, and soil moisture conservation techniques as they contribute to resilience.
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Contribution to ecological resilience

• The destructive effects of runoff are reduced, thereby contributing to environmental 
protection. With reduced soil erosion, the silt-load of rivers is lower, thereby enhancing 
river flow, protecting river fauna and helping keep the costs of water purification low.

• Harvested water allows farmers to grow a wider range of crops which contribute to the 
diversity of the cropping system and therefore resilience.

• Research and extension tend to focus on progressive farmers to understand why one 
farmer succeeds against odds to derive beneficial outcomes while other farmers do not. 
Hence the feedback between such actor categories and the farmer is high. Through 
this feedback and practice the farmer increases his/her knowledge of the environment 
and adapts his/her management accordingly, thus indirectly contributing to ecological 
resilience.

Contribution to economic resilience

• Harvesting rainwater for crop and livestock production increases the buffer capacity of 
smallholders to deal with climate change. By having diverse agricultural products to 
sell when other farmlands are dry and bare, the farmer increases own incomes and can 
maintain this source of income over time. 

• By recognising the value of water as a resource, such farmers are more likely to improve 
the efficiency of resource (water) use with time by adopting such technologies as drip 
irrigation.

• The economic cost-benefit ratio is high. Initially, the farmer may have to forfeit other 
activities in order to invest more time to establish the RWH infrastructure (pan, pipes and 
drip-irrigation infrastructure). However, in the long-term the income derived from farm 
produce sale will likely exceed the costs.

• It has ability to reduce gender inequalities in an economic context. This includes increase 
in different gender access to finances; increased access to food; and reduction of the time 
women and girls have to spend to fetch water from distant streams and rivers.

Contribution to social resilience

• Households practicing RWH becomes a node of knowledge that is potentially of interest 
to other actors in agriculture. The farmers become a social capital as they are a source 
where other villagers come to learn technologies, innovations and management practices.

4.3 Improved irrigation system
Improving irrigation efficiency aims at minimizing water use within the agricultural sector 
while continuing to maintain optimal crop productivity rates. Water (and energy) efficient 
irrigation systems also provides a number of environmental and socio-economic benefits. 
High irrigation efficiency is becoming increasingly important due to the current decrease 
in available water resources and growing populations that drive expansion of agricultural 
activities.
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Technological advances for improved irrigation include more efficient irrigation systems 
where water release can be controlled so that crops receive only the amount needed (e.g. 
pressurized irrigation systems such as drip irrigation). 

Irrigation efficiency can also be improved through altering farming practices, such as crop 
rotation (crops planted according to seasons and soil conditions) and conservation tillage 
(leaving previous year’s crop residue on the field to reduce soil erosion and runoff) that 
help improve soil moisture conservation. Regular monitoring of the equipment and repairing 
damages/leakages in irrigation systems are also important in improving water use efficiency 
for crops. 

Improving access to information with regards to these measures, for example through farmer 
education programmes, can help create incentive and influence the behaviour of farmers 
toward greater water-efficient management of irrigation systems. 

4.3.1 Drip irrigation systems
This technology allows for optimal usage of the limited water resource especially in drylands 
by dripping water slowly into the crop root zone through use of drippers. The system has the 
potential to save water by managing and minimizing evaporation losses as well as delivering 
water at the root zone where it is required. 

Drip system is easy to design and consists of elevated water source, a pumping unit, filters, 
drip lines and the drippers. There are different simple drip system layouts suitable for the 
smallholder farmers such as the drum and bucket drip irrigation systems (Figures 2 and 3). 
The drip line layout scan either be on the surface or sub-surface buried.

A drip irrigation system has several blueprints with regards to farm-level resilience as 
illustrated in Table 11.

Figure 2: Drum kit drip irrigation system layout for vegetable production
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Figure 3: Bucket drip irrigation system layout for vegetables production

Table 11: Benefits of Drip irrigation system

Benefits of the interventions System

Score

Stabilizes on-farm water supply

Reduces runoff X

Increases soil water infiltration X

Increases resilience to high temperatures

Increases resilient to drought X

Increase resilience to rainfall variability X

Increased yields X

Increase soil fertility

Increases water availability for other uses, especially 
during dry periods.

X

Minimizes nutrient leaching and pollution of local 
watersheds

X

Reduces energy requirements for pumping and 
conveying minimizing the carbon footprint

X
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4.3.2 Sprinkler irrigation system
This is the most commonly used type of irrigation technology in Kenya including in the 
drylands. Statistics shows that sprinkler constitutes up to 60 percent of all irrigation systems, 
followed by surface irrigation accounting for approximately 38 percent (Figure 4). Sprinkler 
irrigation system in drylands is used to improve and stabilize yields when rainfall fails to 
provide sufficient moisture for normal plant growth. It is an effective response mechanism 
to alleviating the adverse effects of soil moisture stress during dry spells.

Figure 4: Sprinkler irrigation system layout for maize production

4.3.3 Contribution to resilience to climate change 

Contributions to ecological resilience

• The danger of over-abstraction is one factor that reduces the ecological resilience of 
irrigation systems to climate change. Rainfall variability and water abstraction need to be 
attuned to each other to ensure that irrigation does not adversely affect the environment.

• Energy requirements for pumping and conveying are subsequently reduced, minimizing 
the carbon footprint. In addition, improved irrigation efficiency minimizes nutrient 
leaching and pollution of local watersheds due to decreased agricultural runoff.

• Where institutional arrangements exist on the use of irrigation water, the negative effects 
of irrigation on the ecosystem can be reduced.
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Contributions to economic resilience

• The assumption is that with increased food security and income, farmer households are 
better able to deal with fluctuations in production conditions due to increased rainfall 
variability.

• Through improving water use efficiency, more crops can be produced with less water 
thereby contributing to the economic resilience linked to high rainfall variability.

Contributions to social resilience

• Improve irrigation facilities leads to reduced workload for women which allows women 
to re-allocate their time and resources to other livelihood activities.

• The reduction of conflicts by water user’s associations enhances the social capital of the 
members.

The cross-scalar nature of the benefits and problems arising from irrigation as an adaptation 
practice highlights the strength of the resilience check as an analytical tool. At farm-
level, irrigation increases agricultural production and food security. However, analysis of 
the contributions of the policy level to resilience shows that contradictory effects occur. 
Increasing irrigation upstream can lead to tensions between upstream and downstream 
users, and where practised it can endanger downstream irrigation. Against the backdrop of 
increased production, the local produce competes for markets with imported and subsidised 
products from other origins, thereby reducing the economic gains that local farmers can 
derive from the irrigation-related increase in production.

4.4 Adaptation of seed management practices
The effects of climate change in most cases lead to changes in micro climates for plants. 
The increasing temperatures and associated evapo-transpiration rates require robust crop 
species that are tolerant to heat conditions, salinity and to flood conditions. Thus, changing 
what is grown may be one way but also changing how crops are grown is another adaptation 
pathway. 

4.4.1 Adaptation strategies
To deal with the impact of climate change, the potential adaptation strategies of seed 
management practices include the following:

4.4.1.1 Development of early maturing crop varieties
Maintaining crop productivity under the increasing temperatures is a challenge. The rainfall 
patterns also change since they erratic and with very poor distribution. Existing crop varieties 
meant for the normal rainfall amounts are no longer suitable in those areas since the rainfall 
pattern has since changed. 
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Developing early maturing crop varieties is an adaptive mechanism in regions that experience 
depressed crop seasons with poor rainfall distribution patterns. Breeders have come up 
with crop varieties such as the “Mwezi Moja” bean variety that matures within one month. 
There are also some Green grams, cowpea, sorghum, millet and maize varieties that are 
early maturing or drought escaping that have been developed to address the challenges of 
decreased rainfall duration within seasons.

Advantages / Benefits

i. Can help minimize the effects of climate change on farming activities affected by 
shortened rainfall patterns, erratic rainfall or drought.

ii. Crops maturing early can ensure quick economic return on the harvest.

iii. Can ensure resistance to cracking of fruits.

Disadvantages

i. Switching to early maturing crop varieties may require government subsidies

ii. Crops may have low resistance to pathogens.

4.4.1.2 Development of heat tolerant crop varieties
Ambient temperatures are rising at a considerable rate as part of the current global climate 
change. The intensity, duration and rate of temperature change together determine the impact 
of high temperature on plant development and physiology. Air and soil temperature affect 
crop yield in different ways, and this should be considered. Optimum temperature ranges 
and consequently heat sensitivity vary among crop types, species and cultivars. 

Usually, breeding programmes are carried out in a climatic region similar to that where the 
crop will be produced eventually. Thus, the selection of breeding lines for relatively hot 
regions takes place under hot conditions. This implies that in hot regions, thermo-tolerance 
traits are “passively” selected during breeding. Conventional breeding has also been used to 
intentionally develop new heat-tolerant crop genotypes. 

At the same time, local crop varieties have proved to be more tolerant than the hybrid 
varieties. However, their yields are low compared to improved varieties. Farmers therefore 
tend to spread the risk of crop failure by planting their local varieties on some portions 
of their land. The tolerant traits from the local varieties can also be used in conventional 
breeding to improve on the yields.

4.4.1.3 Development of salt tolerant crop varieties
Salinity is one of the factors that affect crop production. Most parts of the arid and semi-arid 
lands have high levels of salinity. This salt solution has affected, and continues to affect, 
the land on which crops are, or might be, grown. This is a threat to food supply. Given the 
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amount by which food production will have to be increased, it is important that salt tolerance 
of crops be an important aspect of plant breeding.

4.4.2 Contributions to resilience to climate change

Contributions to ecological resilience. 

• Adopting drought tolerant or faster maturing seed varieties increases resilience to dry 
spells.

Contributions to economic resilience
Adopting drought tolerant or faster maturing seed varieties contributes to food production 
and sale. Although farmers prefer traditional varieties, produce from such crops can be 
sold and income derived used to purchase food. This way, drought tolerant crop species 
contribute to farm income especially under drought conditions when food prices tend to 
be high. However, the costs of the seeds of these varieties deter farmers from purchasing 
them compared to the cheaper traditional varieties. The limited access thus reduces the 
contributions to economic resilience.

Contributions to social resilience
Adopting drought tolerant or faster maturing seed varieties contributes to food production. 
Drought tolerant crops like cassava, millet or sorghum, despite their low market value, ensure 
that farm households have at least some food for consumption when crops like maize fail.

4.5 Adaptation of crop management practices 

4.5.1 Introduction
Crop management may refer to agricultural field practices used to improve the growth, 
development, and yields (quality and quantity) of crops. This include germplams (crop 
varieties) selection, seeding (timing and rates), land preparation, pests/weeds control, 
harvesting and post-harvest handling. The combination, timing and sequencing of practices 
used depends on biological characteristics of the crop, the harvest form (annual, bi-annual 
or perennial) the harvested form (vegetables, grains or tubers/roots), the sowing methods 
(rows or broadcasted), the age of the plants, and the soil and weather conditions. Therefore 
principal crop managing practices therefore vary according to the class of the crops. 

4.5.2 Why crop management?
Crop management practices help farmers adapt to resilient farming systems for increased 
productivity per unit area, time and resources invested. Planting early, for example, lowers 
the risk of crop failure due to drought. In addition, it is possible if land-preparation is done 
early, or if conservation agriculture techniques are adapted. Growing several types of crops 
spreads the risk of one crop failing. 
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On the other hand, rotating crops maintains soil fertility and lowers the buildup of pests 
and diseases. Adapting resilient crop management require technologies and practices 
that build on agro-ecological knowledge and capacity for smallholder farmers to counter 
environmental degradation and climate change in ways that maintain sustainable agricultural 
growth. Examples include mixed cropping that enable more efficient and appropriate use and 
cycling of soil nutrients, conservation farming, organic/inorganic fertilizers and herbicides, 
and integrated pest management.

4.5.3 Benefits/impacts of crop management 
The benefits of sound crop management practices may be summarized as: 

i. Social impacts: Increased household food security, lowering poverty rate and improved 
health and education of men and women, including youth farmers. Second, the practice 
should able to improve farm income and job` creation in associated rural activities, thus 
slowing the departure of youth from the local to urban areas. Thirdly, the technologies 
are expected to benefit women and youth for a proportion of the technologies more than 
for men. Fourth, through more resilient farming systems the risk of livelihoods will be 
reduced.  

ii. Environmental benefits: The principal direct impacts/benefits is enhanced soil quality 
and reduced erosion. This will be realized through crop diversification, residues retention 
and generally adapting appropriate tillage and conservation agriculture practices. Lastly, 
there must be enhanced availability of biomass for fodder and fuel-wood that would 
reduce pressure on forests and grazing lands and contribute to agro-ecosystem health. 

iii. Economic benefits: Crop management practices help farmers adapt to resilient farming 
systems for increased productivity per unit area, time and resources invested. For 
example, planting early reduces the risk of crop failure due to drought if the rainy season 
ends early. Growing several types of crops spreads the risk of one crop failing. Direct 
economic benefits will be registered principally from the farmers adopting the promoted 
crop management practices that will be able to increase their crop productivity and reduce 
yield variability to higher percentages. 

4.5.4 Interventions for increased sustained productivity  

4.5.4.1 Capacity building
Climate resilient technologies are knowledge-intensive, and promoting their adoption 
will require well designed, inclusive, and innovative knowledge management systems. 
Capacity is the ability of people, organizations, and society as a whole to manage their 
affairs successfully to satisfy the rights or expectations of all stakeholders. It is therefore 
a process of change in which people, organizations and institutions improve their skills, 
performance and mind-set towards strengthening and adapting their capacity over time 
in response to changing circumstances. The case at hand will therefore be to strengthen 
extension and farmers’ knowledge on resilient crop management practices and techniques. 



41

This is expected to provide more robust knowledge systems for sharing appropriate crop 
management practices. 

4.5.4.2 Land preparation

What is land preparation?
Land preparation is the first operation in which the seedbed is prepared with the right 
nutrients and conditions in ensuring that crops can achieve the best yields possible both at 
seed sprouting and then the crop’s establishment for later development. It is essential to for 
providing plants with the best soil conditions for their overall development. 

Methods of land preparation
Traditionally, this has been done with aggressive practices such as ploughing and slash and 
burn. These practices are not only unsustainable in the long run, but they are labour intensive, 
especially in low mechanized contexts, and thus become a burden for smallholder farmers 
that have to prepare seed beds manually with basic tools. The tasks of land preparation 
couples with weeding. The processes could be made less labour intensive through use of 
improved hoes, row planting, draught animal powered rippers, harrows and planters. Single 
axle tractor equipment is a specific option that can be used if there are appropriate service-
infrastructures and farmer capacities and when economic and social conditions permit it. 

Other tasks related maintaining soil cover and preparing the land can be done with herbicide 
technologies which reduces the task of conventional weeding to a large extent. This should 
be done within reduced or minimum tillage systems, such as raised beds, and conservation 
agriculture. Alternative ways to conventional (ploughing and slash and burn) land preparation 
is those that reduce labour requirements and drudgery while at the same time enhancing land 
sustainability and productivity. Part of this alternative embraces conservation agriculture 
approaches that have reduction in tillage as one of the key principles.

Seeding
A seed is the part of a seed plant which can grow into a new plant. It is a reproductive structure 
which disperses, and can survive for some time. Several operations determine a crop’s 
performance, including seeding and weeding. Adequate seeding rates, spacing and placement 
are crucial for the development of the plant. This is also influenced by soil conditions and 
the cropping system. From manual broadcast seeding to precision pneumatic seeding, there 
is a wide range of tools and equipment that can improve seed operations in the specific socio 
economic and environmental context of farmers. Combination of reduced tillage and direct 
seeding, when applying conservation agriculture principles (minimum tillage, permanent 
soil cover and crop diversification) contributes to preserving soil conditions and enhancing 
seed placement and emergence. 
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Seeders
There are seeders and planters that can be used under reduced tillage conditions, such as 
manual hand planters, animal traction direct seeders, two-wheel tractor seeders and planters 
(adapted to different crops), and four-wheel tractor pulled and attached direct seeders (with 
many types of designs and levels of sophistication). Reduction of drudgery and timeliness 
are immediate benefits of using direct seeding, these create opportunities for higher yields 
and uses of manpower for smallholder farmers.

Weeding 
Weeding by hand using traditional hoes takes more hours for one person to weed one hectare. 
The weeding is conducted at critical times to avoid the establishment of weeds and crop 
damage. Late weeding of previous crops is done to prevent setting of weed seeds. The use of 
adequate tools and equipment can help accomplish this task faster and with less manpower, 
improving the livelihood of farmers and increasing the time efficiency. 

Methods of weed control
There are two ways of controlling weeds: mechanically or chemically. For the mechanical 
option, the aim is to uproot the weeds. While for the chemical, the aim is to kill weeds using 
a selective chemical product that usually is sprayed.

4.5.4.3 Matching crop/varieties with ecology
Crop management is built upon fertile soil, a favourable climatic conditions, diversity of 
plant species, and human skills and labour. These are the ecological foundations of the 
food production systems. Finding ways to better preserve the health of crop management 
ecosystems is key to the long-term sustainability of food supply and environmental 
sustainability.

Based on the farmers’ ecology, some crop species and varieties are better suited than others. 
This is because they can tolerate droughts or resist certain pests better than others. 

4.5.4.4 Seeding/seed rate
Seed rate is the number of seeds planted per unit area to ensure normal density of emerged 
crops for maximum yield. The seeding rate is expressed percentage of the number of 
germinating seeds over the number of seed planted/expected. 

Seed rate is determined by considering plant requirements (feeding space), the purpose of 
cultivation (grain, silage, and etc.), soil fertility status, climatic conditions, and other factors. 
The seeding rate may differ for the same crop – for example the seeding rate for crops meant 
for silage is higher than for crops grown for grains. 
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Sowing methods

a)  Broadcasting: Broadcasting is also called random sowing. It literally means ‘scattering 
the seeds’. Broadcasting is done for many crops. To have optimum plant population in unit 
area certain rules should be followed. These includes:

• Only a skilled person should broadcast the seeds for uniform scattering.

• The ploughed field should be in a perfect condition to trigger germination. 

• The seeds are broadcasted in a narrow strip and the sowing is completed strip by strip. 

To ensure a good and uniform population, it is better to broadcast on either direction. This is 
called criss-cross sowing. If the seed is too small, it is mixed with sand to make a bulky one 
and for easy handling. After broadcasting, the seeds are covered gently either using a plough 
with a shallow ploughing. Some wooden planks (boards/levelers) may also be used to cover 
the surface. In some cases, tree twigs or shrub branches are used. Comb harrow is the best 
implement to use. Disadvantages of this method includes:

• All the seeds broadcasted do not have contact with the soil. Thus, 100% germination is 
not possible. 

• Enhanced seed rate is required. 

• Seeds cannot be placed in desired depth that ensures perfect anchorage. Lodging (falling 
down) is common in broadcasting.

b)  Dibbling: This is actually line sowing. Inserting a seed through a hole at a desired depth 
and covering the hole. Dibbling is practiced on plain surface and ridges and furrows or 
beds and channels. This type of sowing practiced only under suitable soil condition. Before 
sowing, furrows are opened and fertilizers are applied above which seeds are sown. The seeds 
do not have contact with the fertilizers. This is done for wider spaced crops and medium to 
large sized seeds. Advantages of dibbling or line sowing are:

• Uniform population

• Better germination

• Reduced seed rate

• Uniform utilization of resources 

c)  Sowing behind the plough (manual and mechanical drilling): Rows opened by the 
plough and the same is closed or covered when the next furrow is opened. The seeds are 
sown at uniform distance. Manual method is a laborious and time consuming process. Seeds 
are sown by mechanical means by seed drill that has a plough share and hopper. Different 
types of seed drill are available. Advantages of this method includes:

i. The seeds are placed at desired depth 

ii. Except very small, large seeds can be sown, e.g. maize, sorghum, millets and sunflower.
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Drill sowing: Drilling is the practice of dropping seeds in a definite depth covered with soil 
and compacted. In this method, sowing implements are used for placing the seeds into the 
soil. Both animal drawn ploughs and power operated (seed drills) implements are available. 
Seeds are drilled continuously or at regular intervals in rows. In this method, depth of sowing 
can be maintained and fertilizer can also be applied simultaneously. It is possible to take up 
sowing of inter crops also. It requires more time, energy and cost, but maintains uniform 
population per unit area. 

d)  Transplanting: This method of planting has two components; (a) nursery and (b) 
transplanting. In the nursery, young seedlings are protected more effectively in a short period 
and in a smaller area. Management is easy and economical. Advantages includes

• Ensure optimum plant population.

• Sowing of main field duration, i.e., management in the main field is reduced.

• Crop intensification is possible under transplanting. 

Disadvantages of transplanting
• Nursery raising is expensive to establish and maintain

• Transplanting is another laborious and expensive method

Factors affecting seed germination

• Soil: Soil type, texture, structure and microorganisms greatly influence the seed 
germination.

• Moisture: When the seeds do not get required moisture in the soil, the viability is lost. 
When the moisture is excess after germination, it will lead to rotting of the sprouts. 

• Temperature: When it is above and below the optimum temperature, the germination rate 
will be affected. 

• Light: The most effective wavelength for promoting germination is red (662 nm) and 730 
nm inhibits germination. 

• Soil condition: 

- Tilth is the most important soil factor influencing germination of seed. Small seeds 
require fine tilth whereas, moderate and larger seeds requires medium and coarse tilth 
soils, respectively.

- Depth of sowing: The seeds should be placed at optimum depth. When the seeds are 
placed at deeper layers they have to spend more energy for germination. When it is 
placed on soil surface, it will be taken away by birds/worked away. The thumb rule is 
to sow seeds to a depth of approximately 3 to 4 times diameter of the seed. 

Note: The seeds sown should be protected from rodents or birds before germination by 
employing labourers to scare the birds at least for three days after sowing to when the young 
plants are beyond juvenile stage (this depends on the crop and ecology/environment).
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Optimum plant population 
Optimum plant population is the number of plants required to produce maximum output 
or biomass per unit area. Any increase beyond this stage results in either no increase or 
reduction in biomass. Importance of plant population includes:

a)  Yield of any crop depends on 1final plant population. Under low plant population, individual 
plant yield will be more due to wide spacing. Under high plant population, individual plant 
yield will be low due to narrow spacing leading to competition between plants. 

b)  Under rain fed conditions, high plant population will deplete the soil moisture before 
maturity, whereas low plant population will leave the soil moisture unutilized. 

c)  When soil moisture and nutrients are not limited high plant population is necessary to 
utilize the other growth factors like solar radiation efficiently. 

d)  Yield per plant decreases gradually as plant population per unit area is increased, but 
yield per unit area increases up to certain level of population. That level of plant population 
is called as optimum population.

e)  So, to get maximum yield per unit area, optimum plant population is necessary. So the 
optimum plant population for each crop should be identified.

Factors affecting plant population 
a)  Genetic factors: size of the plant, elasticity of the plant, foraging area or soil cover, dry 
matter partitioning and crop and variety type.

b)  Environmental factors: time of sowing, rainfall/irrigation availability, fertilizer 
application and seed rate.

4.5.4.4 Cropping diversification
Crop diversification refers to the addition of new crops or cropping systems to agricultural 
production on a particular farm taking into account the different returns from value-added 
crops with complementary marketing opportunities. The choice of crop species/cultivars 
and management methods is essential in the development of cropping systems. There is a 
need to identify crops and varieties that are suited to a multitude of environments and farmer 
preferences.

Benefits of crop diversification
i. Diversified food source for home consumption and marketing
ii. Increased income per unit area for well-being of the households. Crop diversification can 

enable farmers to gain access to national and international markets with new products or 
food and medicinal plants.

iii. Diversification can also manage price risk, on the assumption that not all products will 
suffer low market prices at the same time. 

iv. Costs of production are generally low, but results may only have local applicability.

1 
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Disadvantages of crop diversification
i. Introduction of new crops in the farm may also introduce new pests and diseases. 
ii. Farmers may be unable to achieve high yields of the main target crops, - because of 

competition for growth resources (light, space, nutrients and moisture).
iii. In terms of commercial farming, access to national and international markets may be 

limited by a range of factors including government policy (including subsidies provision, 
the price and supply of inputs, infrastructure for storage and transportation, amongst 
others). 

iv. Farmers also face risk from poor economic returns if crops are not selected based on a 
market assessment. For example, drought tolerant crop varieties may fetch a low market 
price if there is not sufficient demand.

v. The farmer may not able to use some of the crop selective herbicides and pesticides.

4.5.4.5 Crop fertilization (organic or inorganic fertilizers)

What is a fertilizer?
A fertilizer is any material (organic or inorganic) of natural or synthetic origin that is applied 
to soils or to plant tissues to supply one or more plant nutrients essential to the growth of 
plants. However, liming materials are not considered as fertilizers. Many sources of fertilizer 
exist, both natural and industrially produced. Fertilizers enhance the growth of plants. 

Fertilizer nutrients supplied to plants

A: Primary macronutrients
a) Nitrogen (N): for leaf and general vegetative growth

b) Phosphorus (P): for development of roots, flowers, seeds, fruit, etc.

c) Potassium (K): Strong stem growth, movement of water in plants, promotion of flowering 
and fruiting;

B: Secondary macronutrients
a) Calcium (Ca)

b) Magnesium (Mg)

c) Sulphur  (S)

Note: The macro-nutrients are required by plants in larger quantities and are present in plant 
tissues.

C: Micronutrients 
Copper (Cu), iron (Fe), manganese (Mn), molybdenum (Mo), zinc (Zn), boron (B). Of 
occasional significance are also silicon (Si), cobalt (Co) and vanadium (V).

Note: The micro-nutrients are required by plants in smaller quantities and are Present in 
plant tissues in smaller quantities.
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Types of fertilizers 
i. Nitrogenous Fertilizers: The nitrogenous fertilizers are divided into four groups — 

nitrate, ammonia and ammonium salts, chemical compounds containing nitrogen in the 
amide form, and plant and animal by-products.

ii. Phosphate fertilizers: Phosphate fertilizers are classified as natural phosphates, treated 
phosphates, by-product phosphates and chemical phosphates. Examples includes, rock 
phosphate, super phosphate, basic slag and bone-meal.

iii. Organic fertilizers: They includes plant residues and animal by-products. Before use 
by the crops these materials are converted (decomposed/mineralized) by bacteria into 
utilizable nutrients (mainly ammonium-nitrogen and nitrate-nitrogen). Such fertilizers 
are therefore slow acting, but supply available nitrogen for a longer period to the crops.

Organic fertilizer use
i. Animal manure. Animal manure is obtained from different animals on the farm, but it 

can also be bought from other farmers. Animal manure is used as an organic fertilizer, on 
different crops and trees. A farmer can mix different types of manure. 

ii. Compost manure. Composting is the natural process of turning organic materials such 
as crop residues and farmyard manure into plant food or humus. Compost is a cheap and 
effective organic mulch that can be used as an alternative to commercial fertilizers to 
improve the soil. Humus is the organic matter component of soil that is being destroyed 
and eroded throughout much of the world. The following are possible steps for a pit 
composting:

a. The compost pit must be in a shaded place or under a tree.

b. Dig the pit. It should be 1.5 m wide and 0.5m – 1.0m deep.

c. Loosen the soil at the bottom of the pit (30 cm deep loose soil) and pour water over 
the soil.

d. Put ingredients into the pit in layers:

• 1st layer: Put 30 cm of rough material (e.g. maize stalks) at the bottom.

• 2nd layer: Put 15 cm of dry grass.

• 3rd layer: Put 15 cm of green leaves (e.g. high protein legumes).

• 4th layer: Put 10 cm of animal/bird waste.

• 5th layer: Sprinkle top soil and if possible, wood ashes.

e. Keep on watering the compost as you add a layer

f.  Place a stick in the compost in an angle of 45 degrees to assist in checking if the pile 
is too dry or too wet.

g.  Cover the compost with top soil and grass in order to avoid evapotranspiration.

h.  Keep the compost for at least 21 days before applying it to the crops.
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iii. Liquid manure. Liquid manure is manure from green but mostly leguminous plants, 
ash and animal dung that has been fermented or diluted as slurry. Liquid manure can be 
applied directly to the soil or crops. Liquid manure protects crops, prevents pests and 
diseases, provides nutrients (nitrogen, phosphorous, potassium) and irrigates crops. It 
is also an alternative to harmful chemicals. Plants that are suitable for making liquid 
manure include (Tithonia diversifolia), Sesbania Sesban, Calliandra calothyrsus and 
Leucaena trichandra. 

iv. Cover crops (green manure). Cover crops, sometimes referred to as nitrogen-fixing 
crops, are either leguminous or non-leguminous crops with green manure properties that 
are able to absorb atmospheric nitrogen and fix it organically into the soil to increase 
nutrients and conserve soil. For example, Mucuna sowed when maize is at the dough 
stage can be used to get rid of the striga weed on the farm. The cover crops are ploughed 
(incorporated) into the soil just before or at their flowering stages. Good cover crops 
spread over the soil quickly and suppress weeds before they can grow. If the area receives 
little rainfall, select a cover crop that grows quickly, such as cowpea, lablab, lucerne, 
mucuna, or pigeon pea. One may have to weed once to give the cover crop a chance to 
get established. 

 You can also use a post-emergence herbicide after planting maize and the legume to stop 
weed seedlings from emerging. If the rainy season is long enough, consider planting the 
cover crop as a relay crop. It will spread over the soil and smother weeds after you harvest 
the main crop. Make sure that the cover crop does not interfere with the main crop. For 
example, avoid growing a tall cover crop that might shade the main crop. One could also 
prevent the cover crop from interfering with the main crop by planting it later.

v.  Mulch or residues. The objective of mulching is to conserve soil moisture, reduce runoff 
flows, reduce evaporative losses, reduce wind erosion, prevent weed growth, enhance 
soil structure, and control soil temperature. Common mulches include: cut grass, crop 
residues, straw and other plant materials. Leaving the crop residue on the surface as 
mulch makes it hard for weeds to grow because they do not have enough space or light. 
Take care that the mulch does not smother emerging crop seedlings. 

 The farmers should consider bringing in mulch from other fields, - this may mean 
more work, but can be worthwhile. The mulch will manage weeds, help reduce soil 
temperatures, conserve moisture, encourage water to sink into the soil, and add organic 
matter. Take care not to bring in mulch that can spread weed seeds! Do not use as mulch 
plants that have flowered and produced seeds.

Mineral fertilizers

One way to increase soil fertility when soils lack adequate levels of phosphorous and nitrogen 
is the proper use of appropriate type of mineral (inorganic) fertilizers. Inorganic fertilizes are 
mainly from mineral ores and contain high percentage of nutrient elements that are readily 
soluble and available to plants. But important to note is that mineral fertilisers alone cannot 
sustain soil productivity. Disadvantages of using mineral fertilizers is that continuous use of 
inorganic fertilizers may lead to a decline in soil organic matter (for example after 8 years 
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about 65% of initial organic matter disappears); acidification, soil compaction (hardpan). 
In addition, fertilizers may be expensive. Overusing inorganic fertilizers will increase the 
impact of climate change and vulnerability of land to effects of climate change.

Soil liming
Sometimes soils become acidic due to overuse of fertilizers, mono-cropping and depletion 
of soil organic matter stocks. One of the most common ways of neutralizing soil acidity to 
achieve the required pH for crop productivity is by agricultural lime (e.g. calcium carbonate 
(CaCO3) application. However, lime is expensive and many farmers may not be able to 
afford the cost of applying lime to one acre of land. Lime should be applied restrictedly. 
Different crops have different pH requirements. Steps for liming include: 

a. The soil acidity that triggers the use of lime in your farm should be of a pH of 4.5 or 
below.

b. Lime is applied after the soil is ploughed or tilled well.

c. Apply 1 week before planting, or during planting.

d. Conduct soil test for the farm to be limed, - this provides the amount of lime to be 
purchased and applied. Depending of the farm status, this may be 2 or 3 tonnes of liming 
material to one acre of land.

e. Repeat every 2 to 5 years depending on the acidity levels in the soil. Thus the soil must 
the tested to ascertain the pH level before liming.

f.  After liming, grow the area/farm target crop(s), for example, cereals, legumes and grasses.

4.5.5 Contributions to resilience to climate change

Contributions to ecological resilience

Through crop rotation and mixed cropping, crop management practices 

• reduce the susceptibility of the farm to crop pests and diseases since a diversified range 
of crops is grown. 

• stabilises farm production as climate risks do not affect all crops to the same degree. 

For example, mixing drought tolerant crops with non-drought tolerant crops ensures 
some harvests under drought conditions. Similarly, the nitrogen fixing plants contribute 
to soil fertility and by mixing both annual and perennial crops, efficient use is made of 
nutrients in different soil profiles.

Contributions to economic resilience

a.  Crop diversification ensures that income can be derived from produce as different crops 
have different market values. 

b.  Using nitrogen-fixing plants reduces the amount of money needed to purchase inorganic 
fertiliser, thereby reducing the cash expenditure of smallholder farms.
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Contributions to social resilience

Holds some potential for greater social resilience by building social capital – crop rotation 
and mixed cropping are good farm management practices that ensure that the farm does not 
become a source of risk for surrounding farms through the concentration of crop pest and 
disease as would happen without crop rotation or mixed cropping.

4.6 Agro-forestry as an adaptation practice

4.6.1 Concept of agroforestry 
Agroforestry is the deliberate growing of woody perennials (trees, shrubs) as agricultural 
crops alongside other crops and/or livestock in the same land. Existing trees can be protected 
and managed, or/and new ones planted. It is estimated that trees occur on 46 percent of all 
agricultural lands and support 30 percent of all rural populations. Trees are used in many 
traditional and modern farming and rangeland systems. 

Agroforestry has three major attributes: productivity, sustainability and adoptability. Good 
agroforestry practices should maintain or increase production (productivity), meet the needs 
of the present generation without compromising those of future ones (sustainability) and be 
culturally acceptable and environmentally friendly (adoptability).

4.6.2 Importance of agro-forestry 

i. Agroforestry and Climate Change

Though agriculture is one of the largest emitters of greenhouse gases, agroforestry systems 
can:

a. Transform agriculture to become a net sink of GHGs, when trees are intercropped with 
crops. 

b. Increase the soil emissions of nitrous oxide with the use of nitrogen-fixing trees, however 
also reduces the need for inorganic fertilisers, a large contributor to global emissions of 
nitrous oxide. 

c. Make a farm to be more resilient to climate change than a farm without trees. 

d. Contribute to several different ecosystem services that are important to sustain yields in 
a more variable and extreme climate. 

e. Stabilize agricultural yields during dry years.  

ii.  Agroforestry and Water availability
Most of the farmers depend on rain-fed agriculture and do not have access to irrigation 
infrastructure. To reduce food insecurity, it is essential to improve the use of available 
rainwater, especially in a changing climate. Agroforestry systems can: 
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a. Improve the use of rainwater and produce more “crop per drop” compared to monocultures. 
However, trees can also compete with crops for water and reduce yields, especially in dry 
climates. Choosing the right tree species and managing these correctly can minimise and 
eliminate this competition. 

b. Making more water available for plant production in all soil layers through reduced water 
runoff, soil evaporation, increased water infiltration rates and water retention capacity. 
Trees on contour lines help stop water runoff, and windbreaks reduce soil evaporation by 
decreasing wind speed.

c. Improving the water balance through prevention of soil erosion and increase in soil 
organic matter. Alley-cropping systems, home gardens and plantation–crop combinations 
all have higher rates of water infiltration than monocultures because of tree litter and the 
use of branch prunings as mulch.

iii.  Agroforestry and soils

Soil erosion occurs when the top layer of the soil is washed or blown away, and it can be 
caused by both natural and anthropogenic factors. Practices leading to soil erosion include 
forest clearing; cropping on steep slopes; deep ploughing; leaving fields with low or no 
ground vegetation cover; and overgrazing. On the other hand, significant declines in soil 
fertility have been observed as a consequence of land degradation and overexploitation or 
lack of fallow periods, reducing the productivity of the land and increasing food insecurity. 
Agroforestry systems can: 

a. Reduce and prevent soil erosion through windbreaks and shelterbelts. These systems help 
increase crop productivity by reducing crop damage due to abrasive winds; enhancing 
pollination; and reducing soil evaporation.

b. They help rebuild soil organic matter by retrieving nutrients from deeper soil horizons 
and adding them to the surface layers of the soil through leaf litter. 

c. Prevent nutrient leaching because of their deep root systems, combats soil salinization 
and acidification. 

d. Increase soil fertility by adding nitrogen to the agro-ecosystem, with the higher soil 
nitrogen content potentially increasing the productivity of agricultural crops.

These benefits are essential for smallholder farmers, especially women who often cannot 
afford inorganic fertilisers, and where land competition and lack of time put a limit to the 
amount of organic material they can collect from forests and communal land.

iv.  Agroforestry and Biodiversity
Conservation of biodiversity is essential for a number of ecosystem services, necessary for 
food production and important in building resilience to climate change. A growing demand 
for food and biofuels risks reducing the agricultural biodiversity. Agroforestry systems:

a. Provide important habitats for pollinators, essential for agricultural production.
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b. Slow down loss of agro-biodiversity by conservation than agricultural systems with annual 
crops. To fully take advantage of the positive effects, it is important to use indigenous 
trees in agroforestry systems.

c. Reduce the negative effects from pests and diseases on yields but the increased 
vegetational diversity in an agroforestry system does not per se mean better pest and 
disease management. Therefore, thorough design of agroforestry systems is essential to 
avoid combining trees that can host pests and diseases in between growth seasons.

v.  Agroforestry and Food security, Nutrition, Household economy
Food insecurity and poverty hampers the livelihoods of rural communities and pose major 
challenges for development. Agroforestry can 

a. Help improve the livelihoods of the rural poor by producing food (e.g. fruit, nuts, edible 
leaves, sap and honey), livestock fodder, timber, woodfuel, fibres and medicines. The 
adoption of agroforestry can save time in the harvesting of fodder and wood fuel, a 
particularly important benefit for women.

b. Increase agricultural crop yields (e.g. improved fallows and intercropping with hedge 
rows).

c. Can earn farmers more cash from improved yields and sales of tree products. Fodder 
shrubs, and especially Calliandra, can increase milk production and net farmer income, 
if well managed. Agroforestry systems can grow high-value trees and understorey crops. 
Sesbania spp. (a nitrogen-fixing shrub providing woodfuel, mulch and fodder) supporting 
and shading passion-fruit vines; Silvopastoral systems yield additional income when 
trees and tree products are harvested. 

d. Reduce malnutrition, as their produce are often rich in vitamins, micronutrients, proteins 
and fibres. To plant such types of trees on the farms will become even more important as 
the access to forests in food-insecure areas is decreasing.

e. Improve food and nutrition security, for example by supporting staple-crop production 
while providing edible tree products for home consumption. On one hand, agroforestry 
uses the potential of a wide range of lesser-used indigenous foods found in forests and 
woodlands that are often richer than staple crops in micronutrients, vitamins, fibre and 
proteins. On the other, the diverse harvesting times of the various products in agroforestry 
systems can increase the year-round access of rural families to fresh food.

vi.  Agroforestry and Energy
Bioenergy from trees is an important source of energy for households, especially where 
women are the main collectors of fuelwood. It has potential to support farmer self-sufficiency 
in bioenergy if practices such as improved fallows are expanded.

vii.  Agroforestry and Conflicts and Social Stability
The demand for food, feed, fuel and fibre will increase significantly in the future and likely 
create more conflicts between farmers, and between different land uses, e.g. food production, 
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biofuel production and biodiversity conservation. Agroforestry could mitigate such conflicts 
by improving the productivity of farms, thus decreasing the pressure on communal resources.

viii.  Agroforestry and Gender Equality
Women are major, but largely neglected, food producers. There are a number of barriers 
discriminating and preventing female farmers from reaching their productive capacity, such 
as limited land rights, and limited access to extension services and to savings and credits. 
This makes women more vulnerable to production shocks. This inequality significantly 
contributes to global food insecurity and poverty. Agroforestry is in many ways a land 
management system that is suitable to support women and reduce gender inequalities.

Agroforestry is a low-cost system that requires small amounts of inputs such as organic and 
inorganic fertilisers and chemicals for pest management, and is therefore also accessible for 
women. Gender roles are also reflected by the ownership of trees and their products, and as 
women tend to benefit from tree products with less commercial value such as fruits, fodder, 
mulch and fuelwood, these gender roles have implications for how agroforestry systems 
should be designed.

4.6.3 Components of an Agroforestry System
a. Land. This is managed for the benefit of the landowner, environment and long-term 

welfare of society, especially in the case of hillside farming where agriculture may lead 
to rapid loss of soil. Unfortunately, farmers who rent land may have less interest in the 
long-term benefits of agroforestry.

b. Trees. Particular attention is placed on multiple purpose trees or perennial shrubs. The 
most important of these trees are the legumes because of their ability to fix nitrogen and 
thus make it available to other plants. The roles of trees may include: sources of fruits, 
nuts, edible leaves, and other food; construction material; non-edible materials including 
sap, resins, tannins, insecticides, and medicinal compounds; fuel; beautification; shade; 
soil conservation; improvement of soil fertility.

c.. Non-trees. Any crop plant can be used in agroforestry systems. The choice of crop 
plants should be based on those crops already produced in a particular region either for 
marketing, feeding animals, or for home consumption, or that have great promise for 
production. Other values to be considered in crop selection include proper nutrition, 
self-sufficiency and soil protection; knowledge of the crops; adaptations; production 
uses, as well as family needs; opportunities for markets. Any farm animal can be used in 
agroforestry systems. The choice of animal will be based on the value the farmer places 
on animal-derived benefits including income, food, labor, non-food products, use of crop 
residues, and manure.
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4.6.4 Getting Started with Agroforestry Systems
Steps in the decision-making process:

i. Decide whether agroforestry systems are appropriate:
a.  Describe family and community needs.

b.  List the needs that could be met with an agroforestry system.

c.  List the potential benefits, and their relative importance, of an agroforestry system in 
the region in question.

d.  Find the limiting constraints in agriculture, including markets and marketing.

e.  Consider whether the people of the region are willing or capable of adopting a system.

f.  Then decide if it is worth the effort to develop one.

ii.  Design a system:

a.  Select the area.

b.  Characterize its strengths and weaknesses with respect to existing soil, water, and 
crops.

c.  Select the trees, shrubs, or grasses to be used (consider similar local plants).

d.  Characterize the minimum space requirements, water and fertilizer needs, and shade 
tolerance of the desired crops.

e.  Further decisions as influenced by anticipated duration of the system

iii.  If the system is temporary:

a. Plan the features of soil erosion control, earthworks, and gully maintenance first.

b. Plan spacing of fruit trees according to final spacing requirements.

c. Plan a succession of annual or short-lived perennials, selecting the most shade tolerant 
crops for the final years of intercropping.

iv.  If the system is permanent:

a. Plan the proportion of the permanent fruit and lumber trees on the basis of relative 
importance to the farmer.

b. Plan the spacing of long-term trees on the basis of final space requirements times 0.5.

c. Plan succession of annual and perennial understory crops, including crops for soil 
protection and enrichment.

d. As large permanent trees grow, adjust planting plan to place shade tolerant crops in 
most shady areas.
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v.  With both temporary and permanent systems:

a. Always keep the ground covered, using various crops-to protect soil from sun and 
erosion.

b. Try the system on a small scale first.

c. Measure the inputs and outputs of the system.

d. Evaluate whether the benefits expected have been achieved.

e. Expand or extend any new system cautiously.

4.6.5 Contributions to resilience to climate change

Contributions to ecological resilience

• The nitrogen fixing agroforestry species contribute to soil fertility and allows efficient 
use of nutrients in different soil profiles.

• Fertilizer trees/shrubs improve the physical properties of soils. In particular, soil 
aggregation is higher in fields where fertilizer trees are being grown, and this enhances 
water infiltration and water holding capacity of soils thereby reducing water runoff and 
soil erosion. As a result, fertilizer trees/shrubs have the potential to help reduce the impact 
of droughts. 

• The repeated application of tree biomass increases the soil organic matter that leads to 
important increases in soil water retention capacity.

• Agroforestry systems have ability to store higher amounts of carbon (C) in their biomass, 
and often also to conserve more biodiversity.

• Stabilizes soils against soil loss and increases soil water infiltration. 

Contributions to economic resilience

• It’s a source of income from different agroforestry products including tree products like 
fodder, fuelwood, vegetables and fruits.

• Using nitrogen-fixing plants reduces the amount of money needed to purchase inorganic 
fertiliser, thereby reducing the cash expenditure of smallholder farms.

• Diversification through agroforestry is considered the smallholder’s strategy to reduce 
both environmental and economic risks by spreading harvests and income throughout the 
year as compared to mono-cropping.

Agroforestry has great potential for agricultural resilience, however the following 
interventions are important for increased uptake.  

a. Enabling policy. Enabling policy environments at the County and National level for 
the development and scaling up of traditional and improved agroforestry systems. This 
means revising and reformulating unfavourable regulations and legal restrictions on 
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agroforestry; improving coordination among the various sectors involved in agroforestry 
development; clarifying and securing land and tree tenure, taking into account the needs 
of women for better access to land and associated resources; and supporting agroforestry 
product value chains.

b. Provide incentive schemes. Incentive schemes based on the role of trees in the supply 
of ecosystem services such as erosion control, enhanced biodiversity, water quality and 
carbon sequestration should be put in place to motivate farmers to favour agroforestry 
as a valuable option for increasing the productivity and profitability of their lands. 
Combined with upfront finance or other support to cover the often-significant start-up 
costs, such incentives would help farmers overcome investment barriers – especially 
delays in returns on investment in the period after tree establishment, in which trees yield 
little income but require resources for their upkeep.

c. Development of local capacities. It is essential to facilitate the development of local 
technical capacities for the collection, production and distribution agroforestry tree 
species that can tolerate environmental extremes (e.g. drought, heat stress and salinity) in 
order to support local communities in adapting to climate change.

d. Improved access to information and training. Access to information and training 
should be provided to extension staff and farmers, especially women and youth, to 
stimulate the adoption of agroforestry, taking advantage of both scientific and farmer 
knowledge.

e. Promote risk mitigation mechanisms. Risk-mitigation mechanisms are needed to 
attract more investment in agroforestry and to enable private investors to play their key 
role in realizing the sector’s potential.

f. Promotion of agroforestry. Greater recognition of agroforestry systems as valuable 
options for restoring degraded landscapes is needed at the County and National level, 
and the recognition that it’s important to the international community policies. 

g. Prioritize domestication of indigenous tree species. Many of the products benefitting 
different gender come from indigenous trees. Domestication of these tree species is 
therefore important to improve the livelihoods of different gender at the household level. 
For example, by having access to these products on the farm, the time women spend 
collecting fruits, nuts and fuelwood would significantly decrease. By also focusing on 
value chains for these tree products rather than only on value chains for timber, women 
could further benefit from agroforestry systems.

4.7 Adaptation of pests and diseases management practices 

4.7.1 What is a pest?
A pest is any organism that associates with and prevents the realization of the genetic 
potential of a plant, crop or animal. There are four major categories of pests:

i. Arthropods (e.g. invertebrates such as insects)
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ii. Pathogens (e.g. fungi, bacteria, viruses and nematodes)

iii. Plants (e.g. weeds, parasites)

iv. Vertebrates (e.g. rats)

4.7.2 What is a disease?
A disease is any deviation from the normal health conditions of plant or crop. Diseases 
are caused by living organisms (pests) and environmental factors (e.g. frost). The disease-
causing agents if caused by living organisms are referred to as biotic agents (e.g. bacteria) 
while environmental agents are abiotic agents. 

Disease symptoms
Disease symptoms are expressions of a plant’s reaction to the cause of a disease. Signs 
of disease are visible disease-causing organisms or parts of a disease-causing organism. 
Examples of disease symptoms: spots, lesions, blights, cankers, diebacks, damping off, 
mildews, rots, rusts, scab, smuts, moulds, wilts, mosaic, chlorosis, galls, streaking, dwarfing/
stunting, crinkling, leaf curling/rolling, resetting, enations, vein clearing and vein banding.

Effects of pests (pathogens, insects and weeds) on a small-holder farm

a. Reduced crop yields due to damage by pests

b. Low quality of agricultural produce/products

c. Loss of human/livestock health and life through hunger/starvation and food poisoning

d. Malnutrition and loss of income

e. Loss of jobs that are based on agricultural production/produce

f. Rural-urban migration

g. Loss of crop diversity

h. High costs of production due to investment in control measures

i. Environmental pollution due to use of pesticides

j. Inability to access new markets

4.7.3 Principles of pest management
There are five basic pest management principles: exclusion, eradication, protection, therapy, 
and host resistance (Table 12).
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Table 12: Basic pest management principles

No Basic pest 
management 
principles

Details

1. Exclusion Preventing entrance and establishment of pests (e.g. use of:

pest-free certified seed or planting material quarantine practices).

2. Eradication Eliminating/removing a pest that is established on plant, e.g. by:
a) Removal/roguing and destruction of affected plant or plant parts.
b) Chemical treatment of affected plant or plant parts: ‘pesticides’.
c) Physical treatment of affected plant or plant parts.
d) Crop rotations.

3. Protection Application of a protective barrier on a host before the arrival of a 
pest, e.g. use of:
a) Windbreaks.
b) Physical walls.
c) Chemicals to kill pests or their transmitting agents ‘pesticides’.
d) Biotechnical control:

• Biological control agents
• Biological cycles manipulations
• Utilization of natural reactions  - repellents & attractants.
• Plant extracts with biogenic substances

4. Therapy Treating a plant in order to inactivate a pest, e.g. by using:
a) Chemicals (chemotherapy): ‘pesticides’.
b) Heat (thermotherapy)

5. Host resistance Planting cultivars that tolerate or resist invasion or attack by pests:
a) Identification of resistant/tolerant material involves breeding and 

selection.
b) Conventional or biotechnological techniques may be used in 

breeding.

4.7.3 Biological pest control
Biological control is the use of beneficial arthropods or pathogens to keep pest populations 
down. Biological control also extends to the use of biological cycles of stages of growth 
to control pests directly or indirectly. Pests are controlled by natural agents. Farmers can 
manage their fields to provide habitats for species that eat and live on pest insects. This 
can be accomplished through conserving and augmenting beneficial populations. Using 
beneficial insects such as ladybirds (predator) which feed on large amount of mites, beetles 
and aphids controls insect affecting crops. Other examples include digger wasps (parasite) 
and bacteria (pathogen) which kill larvae. There is no use of chemical under biological pest 
control. This leads to reducing risks to the health of farmers, plants and animals, financial 
savings and long-term environmental improvements.
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Intercrop as a biological pest management
Intercropping is an effective weed control technique. It involves growing legumes as cover 
crops. The legumes act by: restricting the access of weeds to light, suppressing the weeds 
(e.g. striga), and disposing of trap roots (e.g. of striga). The legumes dispose of trap roots, 
stimulating for examples striga seeds to germinate. However, unlike cereal crops, striga 
cannot attach its roots to the roots of the legumes. The germinated striga seeds die. 

Another biological pest control method is the Push and Pull Technology’ (PPT) for control of 
fall armyworms. The PPT system uses a repellent crop and an attractive trap plant. Insect pests 
are repelled from the food crop and are simultaneously attracted to a trap crop. In this case, 
Napier grass (Pennisetum purpureum) and Bracharia grass (Brachiaria spp.) are preferred 
as trap species in maize and sorghum crops (Figure 5). Leguminous plants such as green 
leaf Desmodium (D. intortum) repel fall armyworm moth because they produce unpleasant 
smell that armyworm moths don’t like. Thus, the push-pull intercropping systems serve as a 
suitable model for creating more productive and ecologically system for sustainable maize 
or sorghum production in Kenya. 

Figure 5: Illustrative picture of sorghum/maize planted in association with trap crops 
(Desmodium and Brachiaria)

4.7.4 Mechanical pest control
Pests are controlled by non-chemical direct physical measures. Examples include: Hand-
picking to remove insects, tilling to remove weeds and trapping to catch insects or rodents.

4.7.5 Pesticides pest management
Pesticides are agents, substances or mixtures of substances that are deliberately released 
to the environment to prevent, destroy, repel, mitigate, harm or kill organisms which are 
considered to be pests. Pesticides may be chemical, biological or physical agents. This is 
contrary to the common mentality that pesticides are only chemical in nature. Consider using 
pesticides that are effective on the target pest only. Avoid indiscriminate application! For 
instance, a fungicide may not have any effect on a mite problem and not all fungal problems 
can be controlled by a randomly-picked fungicide.
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Pesticides application

Pesticides are used with the intent of killing a target organism (pest), such as an insect, plant, 
or fungus that interferes with a food crop. Pesticides often have unintended effects on other, 
non-target organisms. Some pesticides are non-toxic to humans, while others are highly 
toxic. Some pesticides persist (do not break down) in the environment, remaining toxic to 
people and wildlife for many years. Accurate mixing pesticides and calibrating equipment 
is critical to successful pest management. Appropriate mixing and diluting of pesticides is 
usually the first step in pest control operations. All recommended and registered pesticides 
are availed to consumers with instructions on the rates to be applied.

4.7.6 Cultural methods of Pest control
Pests can be prevented or reduced by using methods to alter the plant environment. Examples 
cultural pest methods include:

• Irrigation and fertilization schedules

• Early planting

• Sanitation practices

• Intercropping (crop rotation, relay)

• Use of improved crop varieties

4.7.7 Integrated pest management
Integrated pest management (IPM) is a system of crop production and protection. It uses a 
variety of methods to prevent pathogens, insects and weeds from causing economic crop 
losses whilst ensuring cost-effectiveness and preserving the environment. In other words, 
it is a long-term technique to reduce/stop pests and diseases from multiplying. IPM can 
only be successful and economical when all relevant information is available and taken into 
account. The relevant information includes crop type(s), pest type, pest history in the areas, 
host susceptibility/tolerance/resistance, prevailing environmental conditions, affected area 
and available materials (resources). Some of the pest management advice includes:

i.  Accurate and timely diagnosis of a pest situation is an important aspect of successful 
management.

ii.  Applying management measures to an unknown pest or any other causal agent can lead 
to failure, more damage, and unnecessary costs.

iii.  It is important to seek advice on diagnosis and management from reliable sources.

iv.  Understanding a pest problem is a process, which may be brief or may take over a period 
of time.
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Integrated pest management is achieved through:

i. Introducing beneficial insects (biological control).

ii. Using crop-resistant varieties.

iii. Improving cleanliness (field and store hygiene).

iv. Using alternative agricultural practices such as pruning and spraying.

v. Improving crop health by either using organic, inorganic or combination of organic and 
inorganic fertilizers.

4.7.8 Integrated crop and pest management (ICPM)
Integrated crop and pest management (ICPM) is a holistic approach to pest control that 
combines different strategies/measures based on the five principles of pest control, plus the 
management of crop and natural resources. The concept is based on two rational points:

i.  Individual strategies have limited effectiveness and logistical deficiencies when applied 
singly.

ii.  There is a growing concern about environment pollution and health risks associated with 
the use of chemical pesticides.

4.7.9 Contributions to resilience to climate change
Contributions to ecological resilience
Using biological control and improving the efficiency in the application of synthetic 
pesticides reduce soil and water pollution, thereby improving environmental conditions.

Contributions to economic resilience
Biological controls are cheaper and easier to access than synthetic pesticides. Therefore, 
farmers do not need to invest additional cash into purchasing pesticides or where they 
combine biological and synthetic pesticide they need less amounts of money to purchase the 
synthetic pesticides.

Contributions to social resilience
By using biological pesticides, farmers use indigenous knowledge that is fast disappearing. 
Through this practice the farmers contribute to maintaining and transferring indigenous 
knowledge on handling crop pests and diseases.

4.8 Adaptation of livestock, pasture and rangeland management practices 
The productivity of many rangelands is decreasing with many unable to support grazing 
livestock for as many months like in previous years. There are many reasons for this 
including increasing numbers of livestock herds, reduced mobility resulting in poor rangeland 
management, the rise of private enclosures, erosion of customary management institutions, 
rangeland degradation and increased effects of climate change risks. This factors have 
affected the resilience of households in these production systems. 
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In specific locations, livestock production is intricately linked with crop production in 
smallholder farming. Livestock kept include ruminant animals like cattle, camels, sheep, 
and goats, as well as poultry. Livestock feed on farm-based fodder and pastures as well as 
on communal pasture lands.

The importance therefore of promoting good rangeland management and use practices has 
never been greater. The proposed strategies include: -

4.8.1 Grazing management control
Improved management of grazing lands relates to changing control and regulation of grazing 
pressure. This can be achieved through initial reduction of the grazing intensity through 
fencing/enclosures, followed either by rotational grazing, or ‘cut-and-carry’ of fodder, and 
vegetation improvement and changes in management. 

Grazing and fodder lands can also be conserved through reforestation. This necessitates 
involvement of local people, building on local institutions and the allocation of clear land 
rights to security of tenure thereby fostering a sense of ownership and responsibility.

4.8.2 Fodder substitution and fodder banks
This addresses fodder shortage, which is a serious challenge in the drylands. An adaptation 
to climate change would be to ensure fodder availability for livestock. This can be achieved 
through:

i. Creation of fodder banks – areas delineated with fodder to be used in lean times; harvesting 
and keeping fodder to be used later 

ii. Management of invasive species

iii. Investing in alternative fodder like Cactus for livestock feed

iv. Production of fodder under irrigation

4.8.3 Livestock substitution 
This involves the replacement of a large proportion of the large stock (e.g. cattle) with small 
stock or camels which are more drought-tolerant.

4.8.4 Management of crop and industrial residues
This involves investments in the production of livestock feeds to reduce pressure on the 
natural feed sources. This can be produced using crop and industrial residues produced 
outside the drylands. An example is the Multi Nutrient Blocks produced fed to livestock 
during drought seasons.  
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4.8.5 Contributions to resilience to climate change

Contributions to ecological resilience
Increase in soil carbon, which positively affects soil fertility and by extension increase 
fodder production.

Contributions to economic resilience
Through improving grazing land management and the associated increase in fodder 
availability, farmers do not need to purchase extra fodder.

Contributions to social resilience
A contribution to social resilience is in fostering collective management of community 
pastures, thereby enhancing social cohesion.

4.9 Climate Information Services

4.9.1 Introduction 
Climate variability and change place significant stress on food production and availability 
at highly variable seasonal rainfall, increasing trends of temperature and extreme climate 
events together with growing demand for food and energy places additional pressure on the 
food systems and the natural resources. Innovative climate services, adaptation strategies, 
and sustained policy support are necessary to address the current and emerging challenges 
of attaining sustainable agriculture and food security. 

Extreme climatic events are already putting lives, livelihoods and assets at greater risk with 
increased frequency and intensity observed in some places. Building resilience to the shocks 
that can be anticipated as well as those that cannot relies on our ability to manage extreme 
events today and adapt to future changes. This involves decision-making on the basis of 
short-, medium-, and long-term scenarios, foreseeing the problems and opportunities 
associated with these events and the uncertainties. There are many starting points, but an 
obvious one is to improve the availability, quality and use of climate information. There is 
a growing demand for better climate information. Climate information is taken as key to 
enhancing resilience in the agricultural sector. 

4.9.2 What is Climate Information?
Climate information is information about past, present and future climate conditions from 
both local and scientific sources, and the resultant implications on development, people’s 
livelihoods and the environment.

i. Past’ or ‘historical’ climate information from meteorologists refers to data on weather 
elements collected using instruments such as rain gauges, thermometers and barometers 
among other instruments. The data is analysed to create a picture of patterns and trends 
in weather and climate at different time scales such as year-to-year rainfall variations or 
temperature trends. ‘Past’ climate information from local sources is based on memories 
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of previous seasonal patterns and changes observed by different groups and communities. 
The combination of both meteorological and local sources of information helps us to 
draw a picture of past climate variability patterns and possible trends in the variations. 
This analysis also reveals past instances of climate extremes and can identify trends in 
frequency of occurrence of climate extremes.

ii. ‘Present’ climate information is data on weather elements – such as millimetres of 
rainfall – recorded in real time.

iii. ‘Future’ climate information (climate projections) gives predictions of the possible 
future state of the weather and climate at different time scales. Forecasts predict the 
state of weather and climate variables such as rainfall, clouds, winds, and temperature 
over a day to several seasons and years into the future. These forecasts are generated 
from global indicators such as sea surface temperatures and presented by meteorological 
services over different spatial scales such as County or national or regional scales.

‘Future’ climate information also refers to local knowledge which gives forecasts from a 
season to a few years ahead, often at village or ward level. Local forecasters use a range 
of observable environmental indicators – such as the behaviour of trees, animals and 
wind patterns – and make judgments based on tradition, experience and comparison of 
indicators with historical memory of climatic occurrences. 

Climate forecasts and projections are useful in giving an indication of what the future 
climate may look like but as they are about the future, they must be understood together 
with information on the uncertainty and probability of whether they will happen.

Climate information is most useful when it is produced and understood as a result of 
dialogue between climate scientists, local expert forecasters, intermediaries who provide 
related support services and users such as farmers, pastoralists, project and programme staff, 
government planners, businesses and others who benefit from climate information.

4.9.3 Contribution of Climate Information services to climate change resilience  
CSA is knowledge-intensive and therefore requires access to information to enable 
stakeholders and farmers to make informed decisions. Under CSA, systems that are based 
on seasonal rainfall need to adapt and build resilience to climate risks. Climate information 
is a critical input for effective climate risk management. There are many benefits of climate 
information including:-

i. Increased understanding of climate change and related risks. Access to and use of 
climate information is critical to understanding the varying and changing climate and 
assessing its influence on agricultural livelihoods

ii. Choice of farm enterprises. It helps farmers to decide, for example, which crops to 
plant or whether to reduce livestock numbers if a drought is forecast to occur. Farmers 
making such decisions are likely to use climate outlooks of rainfall and temperature and 
take into account the uncertainty estimates provided with these products.
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iii. Seasonal planning and management decisions. Farmers need a combination of historic 
observations, monitored information through the growing season, and predictions at 
a range of timescales. To be useful, the timescale of information should match the 
planning horizon of particular management decisions. Relevant timescales for farm 
decision-making range from daily weather forecasts, to seasonal prediction, to climate 
change; but seldom exceed two decades.

iv. Short-term national development planning. Agricultural practitioners may use 
information to plan for subsidies and farm inputs from the national budget or costing of 
irrigation water infrastructure. Actors can make informed, appropriate and anticipatory 
decisions and plans on agricultural technologies and practices.

v. Long-term national development planning. Assessments of the future climate scenarios 
can be used to help make decisions on agricultural infrastructure e.g. where to locate 
dams and water reservoirs for irrigation. An understanding of shifting agro-climatic 
zones will also help in planning on the types of crops that can best be grown and types 
of livestock that can do well in different areas. The use of climate information is putting 
more emphasis on an integrated approach to the development of climate resilient plans 
and actions. An integrated approach draws on all economic sectors, contexts, levels and 
actors, from government officials to climate scientists to communities themselves, and 
recognizes the contribution of the different knowledge, capacities and experiences of 
each. These links are essential for addressing the scale and magnitude of the challenge 
that climate change presents and for enabling resilient development.

vi. Pest and disease surveillance and early warning. Seasonal climate forecasts and 
monitoring of actual temperature and rainfall can be used to provide forecasts of when 
and where pest and disease outbreaks are likely to occur. The impacts of predicted 
outbreaks can then be minimized by public awareness campaigns, stocking medical 
supplies and vector control programmes such as spraying.

vii. Development of appropriate adaptation and mitigation technologies. Allows for 
development of agricultural strategies which result in adaptation and resilience to 
all possible climatic conditions and impacts now and into the future. Actors across 
the agricultural value chain can then continuously assess and adjust their strategies, 
decisions and plans before climatic stresses and shocks occur, as well as maximise on 
opportunities that the climate presents.

viii. Proactive planning at all levels of decision making. Allows us to move from strategies 
which react to conditions as or after they occur, to those which seek to build resilience 
under all possible conditions and ultimately, to proactive strategies informed by 
forecasts and forecast probabilities. Effective adaptation involves developing a range of 
adaptation options with flexibility to switch from one strategy to another or to combine 
options as a way of spreading climate risk. 

i. 
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4.9.4 Major Considerations in communicating climate information
In order for climate information to be useful and actionable to the intended users, the 
following should be observed: 

i. Communication channels between producers and users need to be accessible, effective, 
timely and bidirectional. 

ii. The language, style and channel through which communication is done should take into 
consideration people’s different social roles in communities, inequalities in social status 
and different levels of literacy, numeracy, and fluency in a given language. Packaging of 
climate information tailored to specific users ‘capacities and needs is therefore essential 
to effective communication. 

iii. The style and visual packaging of translated climate information should contribute to 
understanding, even by those who are not literate. This serves to extend the reach of 
climate information to a wider audience, supporting informed decision-making and 
planning for all stakeholders.

iv. Before choosing or developing effective ways to communicate climate information in 
different contexts, it is vital to understand the communication systems that already exist 
at local level. Building on traditional communication mechanisms such as community 
festivals, farmer field days; localized dissemination channels like community radios - 
allows climate information to be disseminated in local languages and facilitates feedback; 
mobile phones - real time exchange of information between meteorological services and 
users whilst enabling rapid release of alerts as part of early warning systems. 

v. Determine gender access and use rights of information in the specific communities. For 
example, in rural areas, men may have better access to radio than women, while women 
are more reachable through local gatherings.

4.9.5 Contribution of climate services to CSA
i. Productivity. Effective climate services are part of the enabling environment for the 

transition to CSA. Adequate and timely weather information can help farmers make 
decisions on the timing of agricultural activities and the variety of crops to be planted, 
thus increasing productivity. Climate information provides a basis for flexible planning 
adapted to a range of climate possibilities. It supports decision-making on which options 
to invest in, and when and how much to invest. 

ii. Adaptation through risk management. The effective use of climate information services 
contributes to resilience by enabling farmers to manage the negative impacts of weather-
related risks in poor seasons better, while also taking greater advantage of average and 
better than average seasons. It allows effective adaptation, which involves developing a 
range of adaptation options with the flexibility to switch from one strategy to another or 
to combine strategies. It helps actors to adjust their plans as climate stressors and shocks 
unfold.



67

iii. Mitigation. Climate information services can contribute to CSA by providing information 
that supports the more efficient use of fertilisers so as to reduce emissions of greenhouse 
gases into the atmosphere.

4.9.6 Gender equality in accessing climate information services
Generally, men and women share common interests in climate and weather information; 
however, they also use this to make different decisions and to inform different priorities. The 
extended impacts and importance of these different decisions on their lives and livelihoods 
should not be underestimated. 

Women and men also access information through different channels. Women tend to use 
primarily informal institutions such as the market, village groups and other farmers; while 
the youth prefer the newest information and communication technologies, namely mobile 
phones and television.

4.10 Agricultural insurance 

4.10.1 Introduction 
Farmers face a number of interconnected risks. Risk can be defined as the probability of 
occurrence of hazards and shocks that negatively impact agricultural production, trade, 
markets and consumption. Agricultural risks such as price volatility, market and institution 
failure, weather shocks such as drought and floods, or biological factors such as insect pests 
and diseases tend to be connected and mutually reinforcing, affecting the entire agricultural 
value chain. 

These are interventions that are aimed at promoting resilient agricultural food production 
systems and livelihoods. These include investment in early warning – early action, disaster 
risk reduction and agricultural risk management instruments.   

Risk management can be considered either as a range of techniques, tools and policies that 
can be applied in order to avoid or minimize losses coming from such risks, or directly 
addressing their root causes hence developing resilience agricultural production systems. 

4.10.2 Sources of risk in agriculture 
i. Production and technical risk are primarily caused by disease and extreme climate 

conditions including drought or low precipitation, excessive rainfall or flooding at planting 
time (prevented planting), precipitation or frost at or just before harvest (delayed harvest, 
sprouting), wind, insects, or hail. For example, the outbreak of a serious livestock disease 
will lead to ban on exports, leading to loss of income. Changes in technology represent 
another aspect of technical risk. The adoption of a new technology itself is inherently 
risky, but failing to adopt emerging and successful technologies also generates the risk 
of not being competitive in the national, regional and global economy. Due to climate 
change, production risk is likely to grow.
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ii. Output and input price risk is substantial in agricultural markets because of supply and 
demand factors. Market-related risks include uncertainties relating to: availability of 
inputs, availability of markets for farm and off-farm products, the price of inputs, the 
price of farm products, and the income derived from farming operations. Price risks are 
of serious concern to farmers, traders, processors, agricultural finance providers, and 
other operators along the value chain. Changes in transportation, storage, and input costs 
also add to local price variability. 

iii. Input price risk occurs because the prices of agricultural inputs often vary substantially 
over time. Fuel, seeds, feed, fertilizer, and agricultural chemical prices fluctuate as a 
result of changes in demand for use in both agricultural and non-agricultural uses and 
because of variations in exchange rates and production. These variabilities are expected 
to increase in line with increased volatility of energy prices.

iv. Financial risk generally refers to the variability of net farm revenue over a specific period 
of time (often one year or a production cycle) and is a major concern for agricultural 
producers, suppliers, and agribusinesses. On average, annual net farm revenues may 
be sufficient for agricultural producers to realize profits, but revenue variability may 
cause some agricultural producers to fail. If net farm revenue is small or negative in a 
given year, a producer will likely face financial difficulties. Financial risk management 
is especially important for agricultural producers who acquire either short-term or long-
term financing that requires scheduled interest and principal payments.

v. Political and legal risk stems from changing regulatory and government actions as they 
relate to environmental concerns, business practices, financial issues, international trade 
relationships, and government support programs. Such issues are relevant even within 
stable, well-established political systems. Legal risk is relevant to multiple aspects of 
agricultural production. For example, agricultural production firms may be subject to 
various liabilities resulting from environmental degradation, noise and air pollution, 
wrongful termination, injury, contract fulfilment, and property rights. 

Regulatory frameworks and agricultural policies (e.g. subsidies, regulations for food 
safety and environmental regulation) or trade policies are often subject to sudden 
and frequent change. Abrupt change in government decisions that do not correspond 
to farmers’ and other value-chain actors’ expectations often have negative impacts on 
production or marketing decisions and income. Trade restrictions and inadequate rules 
for creating fair and competitive markets and trade have increased transaction costs for 
private investment in risk management tools.

vi. Personal risk includes the threat of injury, illness, fire risks, or death among households, 
agricultural managers or employees are examples of personal risks that can undermine 
livelihoods. Farmers also face personal health risks associated with occupational pesticide 
exposure and environmental contamination. The problem is compounded by the limited 
access to healthcare services in rural areas.
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4.10.3 Risk Management Tools
Various tools farmers use to manage risk include:-

i. Low risk investments. Mitigating risk by avoiding high risk endeavours. Investments in 
low risk activities, however, are usually correlated with relatively low average returns 
compared to higher risk investments.

ii. Enterprise diversification is a risk management technique that involves investing in 
a variety of less than perfectly correlated investments within a portfolio. Combining 
less-than-perfectly correlated investments reduces variability of returns and may allow 
mean returns to be maintained. Many farmers produce a variety of crop and livestock 
products as a means of diversification; many of these diversification techniques also 
produce added benefits through improving soil characteristics, reducing weeds, and 
limiting insect infestations. 

iii. Excess debt capacity. Agricultural producers generally maintain relatively low debt-to-
asset ratios as a means of mitigating financial risk. Low debt-to-asset ratios are necessary 
because of high fixed costs (costs that do not vary with output) and revenue seasonality. 
Much of the financial risk involved in production agriculture is a result of the seasonal 
nature of production and, hence, revenue generation.

iv. Liquid financial reserves. Many agricultural producers maintain substantial financial 
reserves or liquid assets to help mitigate seasonality effects and reduce financial risk 
including the risk of crop failures.

v. Off -farm income. Agricultural producers and their family members are often employed 
in off –farm jobs. Some the off -farm employment income provides a more stable 
and, potentially, non-seasonal source of income. These employment opportunities can 
provide additional benefits including access to group health and life insurance.

vi. Shared ownership or leasing of productive assets occurs in several ways. In general, 
someone other than the farm/ranch manager may own all or a percentage of a farm’s 
productive assets. Land, buildings, livestock, and machinery may be partly or wholly 
owned by someone other than the farm/ranch manager. In many cases, these assets 
are leased to a farm operator which reduces that operator’s financial risk because of 
decreased capital investment and lower debt needs.

vii. Risk Transfer can shift some of the risk associated with agricultural production away 
from producers, but is not without its own costs. Agricultural producers transfer risk to 
other parties in a variety of ways including the use of formal insurance markets, futures 
and options markets, and contracts.

a. Insurance products help reduce risk. For example, formal property insurance markets 
transfer risk from producers to others with respect to fire, wind, theft, and other 
perils on buildings, machinery, and livestock. Furthermore, health and life insurance 
products are used to manage personal risk. Premiums paid to insurance companies for 
the transfer of this risk represent the costs of risk transfer. In addition, yield insurance 
can offset production risk and revenue insurance can offset combinations of yield and 
price risk.
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b. Contracts. Some producers forward contract the delivery of their crops and livestock 
to various agribusiness entities. In most cases, forward contracts stipulate specific 
prices to be paid upon delivery of the commodity. Contracts often include a variety of 
quality specifications and are legally enforceable. In addition, producers may forward 
contract for agricultural inputs. Kenya Breweries and sorghum farmers is a case in 
point. 

c. Hedging and options markets. Formal commodity futures markets provide input 
and output price risk management opportunities. Much like forward contracting, 
commodity futures markets can be used to establish selling prices. Unlike forward 
contracting, basis risk (the difference between prices at a commodity futures market 
and local prices) can alter net sales prices, but basis variability is generally much less 
than commodity price variability.

4.10.4 What is Agricultural Insurance? 
In general, insurance is a form of risk management used to hedge against a contingent loss. 
The conventional definition is the “equitable transfer of a risk of loss from one entity to 
another in exchange for a premium or a guaranteed and quantifiable small loss to prevent 
a large and possibly devastating loss”. Agricultural insurance is a special line of property 
insurance applied to agricultural firms. Agricultural insurance is not limited to crop insurance, 
it also applies to livestock, forestry, aquaculture, and greenhouses.

The primary difference between crop insurance and other types of property insurance 
involves monitoring and rating. Because of weather and biological effects, crop losses 
are much costlier to monitor than most other forms of property insurance. Furthermore, 
prices that are used to cover losses are subject to significant temporal and spatial variability. 
Substantial amounts of high-quality data are needed to set sound premium rates.

4.10.5 Types of Insurance Products
There are two major types of insurance products 

i. Indemnity-based Insurance Products 

ii. Index-based Insurance Products

4.10.5.1 Indemnity-based Insurance Products (Damage-Based Products)
Indemnity-based insurance products determine claim payment based on the actual loss 
incurred by the policy holder; if an insured event occurs, an assessment of the loss and a 
determination of the indemnity are made at the individual or herder level

Most insurance is indemnity-based, meaning the company insures against crop loss or 
damage. This process involves the farmer buying insurance, reporting damage after it occurs, 
filing a formal claim and receiving a visit from an insurance agent to determine the validity 
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of the claim. After the validity of the claim is established, the farmer receives a payout. The 
requirement of personal visits to remote, rural areas makes this costly and burdensome for 
the insurer. Indemnity-based insurance also leaves more room for tampering and fraud on 
the part of both the farmer and the insurer. 

Indemnity-based insurance offers the advantage of covering losses from any type of damage, 
since the cause is not the only determinant of a payout; any cause from drought, flood or other 
natural disasters would be indirectly covered if the resulting crops are damaged. However, 
this advantage is far outweighed by the lack of certainty surrounding the claims process 
and higher cost to both the farmer and insurer. Many farmers have a negative impression 
of insurance due to stories of their peers being scammed by insurers—partly because of 
actual fraud but also because of poor communication. Moreover, due to the high costs of 
implementation, a typical insurance plan must have higher premiums than small-scale 
farmers can afford in order to be profitable.

4.10.5.2 Index-based Insurance Products (Damage-Based Products) 
This insurance product is index-based, meaning payouts are determined by comparison to 
historical, regional rainfall patterns. During the planting season, actual rainfall is measured 
using a solar-powered weather station in the area. If the rainfall is determined to be too little 
or too much then there is a payout, the amount of which is based on the deviation from the 
rainfall index. This is a large departure from indemnity-based insurance, which is based on 
crop damage after the harvest. An example is Kilimo Salama which insures farming inputs, 
not outputs, and insurance payouts are independent of actual crop damage, meaning a farmer 
may receive a payout without experiencing crop damage and may not receive a payout when 
they do have crop damage.

What is Weather Index Insurance

• Index based agricultural insurance products are non-indemnity and parametric; that is, 
pay out based on the value of an “index”, which is assumed to be proxy to actual losses. 
Index based agricultural insurance products pay out based on the value of a “formula”, 
not on losses measured in the field. The index is a variable that is highly correlated with 
losses and that cannot be influenced by the insured

• It is not based on the actual damages on a farmer’s field, but rather pays out when 
specific weather events, are recorded by the reference weather station as the monitoring 
instrument. Measuring risk in this way allows the insurance to be affordable, but still 
cover crop losses the farmer may experience.

How does the weather index insurance work?

• Weather events are measured throughout the season at the nearest weather station. It 
is designed to cover specific risks. For example, if there are concerns about drought, a 
weather index insurance product covering too little rain can be created.
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• The insurance payout is calculated using the information collected by the weather station. 
If the weather station shows there should be a payout in the area, the same percentage 
payout is made to all the farmers registered at that weather station, there is NO field visits 
or assessment.

• The payout is made automatically, which means that the farmer does not have to fill out 
any forms to get money from the insurance company. The worse the weather, the bigger 
the payout.

• To get the product you must pay a set amount to the insurance company. This is called 
the “premium”, premiums are not returned to you if there is no payout. With agricultural 
insurance you either get a harvest or a payout, not both.

Table 13. Weather Parameter and WII Applications (ACCI example)

Rainfall 
deficit

High a) Rainfall is the main, but not only, contributor to low yields from 
drought

b) Drought is difficult to insure by traditional insurance, especially 
for small farmer systems

c) Most frequently used parameter for weather index for agriculture
d) Not possible to index rainfall for irrigated crops
e) Other variables (especially soils and temperature) affect 

transpiration and water balance, but drought indexes have so far 
been limited to rainfall as a single peril

Key period of risk: crop establishment and crop flowering, but also 
vegetative stage

Rainfall 
excess

Medium a) Causes problems of inability to harvest or loss of mature crops
b) Complex effects influenced by soils and drainage
c) Impact may be flood
d) Not widely developed as weather index peril

Key period of risk: maturing and harvest

High 
temperature

Medium a) Most important impact is in combination with lack of rainfall and 
high evapotranspiration during drought

b) Drought indexes so far have been limited to rainfall deficit and do 
not incorporate temperature

c) Key period of risk: high temperature can impact any growth 
stage, but particularly crop establishment and flowering
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Low 
temperature

Medium a) Complex effects according to season: frost; insufficient growing 
degree days (long-length event)

b) Short-term frost events difficult to index (heavy dependence on 
exact growth stage)

c) Local basis risk from microclimate and topography
d) Yield loss from frost (lack of flowering) 
e) Growing degree days important in some crops, such as cotton, 

especially if growing season 
Limited
Key period of risk: spring frost in flowering in fruit and nuts, autumn 
frost in fruit, cool temperatures in maturation, mid-winter freeze in 
cereals

High wind 
speed, wind
direction

High 
(macro 
index) 
and low
(micro 
index)

a) Impact of high wind (especially cyclones) is very complex at 
local level (high basis risk)

b) Cyclones associated with variable amounts of rainfall, high 
rainfall can occur under low category cyclones

c) Impact is very widespread
Currently macro indexes have been developed for cyclone winds, 
feasibility for micro application are now being researched

Sunshine 
hours

Low a) Some vegetable crops require combination of sunshine and high 
temperature to mature

b) Low sunshine hours (overcast) can lead to lack of maturity
c) May be difficult to index

Characteristics of WII

The usual features of a WII contract are:

i. A specific functional meteorological station is taken as the reference.

ii. A trigger weather measurement is determined, e.g., the cumulative amount of rainfall in 
a specified period at which disbursements are triggered in accordance with the contract.

iii. A lump sum or incremental payment is determined, e.g., a specific amount of money per 
specified rainfall amount above or below the trigger.

iv. A limit to the measured parameter is set at which a maximum payment will be made.

v. The period of insurance in the contract should coincide with the length of the growing 
period. It can be divided into phases, with each phase having its own trigger, increment 
and limit.
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Advantages of WII
i. Potential to build up resilience of small smallholders. This is so because it not only 

pays out in bad years to help farmers survive and protect their assets, but also by helping 
to unlock opportunities to increase productivity in years without a pay-out, which might 
allow them to escape from the poverty trap or associated threats. For example, insurance 
can enable smallholders to obtain credit to buy inputs or make other agricultural 
investments.

ii. Reduced risk of adverse selection. Adverse selection can occur in agricultural insurance 
because farmers are more likely to buy insurance if they are a higher risk. Underlying 
this is an asymmetry of information, which places the insurer at risk (one that they need 
to manage through detailed, individual risk appraisal prior to premium pricing). An 
advantage of index insurance is that farmers subscribe based on the terms, conditions, 
and pay-out scale for all farmers in their defined area, virtually eliminating the adverse 
selection problem for insurers.

iii. Reduced moral hazard. In traditional insurance farmers may be able to influence the 
claim (by exacerbating physical losses) through their behaviour, a phenomenon referred 
to as moral hazard. With index insurance, farmers have no ability or incentive to 
influence the claim, since pay-out is based on an independent and exogenous weather 
parameter, independent of farmers’ behaviour.

iv. Field loss assessment is eliminated. Loss assessment is a challenge for any traditional 
crop insurance program, because of the need to mobilize large numbers of skilled or 
semiskilled assessors who possess some agronomic knowledge. The ability of index 
insurance to make payouts without field assessment clearly reduces administrative costs 
by eliminating the need for assessors.

v. Reduced information requirements and bureaucracy. Traditional insurance products 
require considerable work to collect data to establish yields and to classify farmers 
according to their individual risk exposures. Because of the use of the index, it is not 
necessary to collect such detailed data, nor to differentiate between individual farmers. 
This can be particularly useful in countries in which there is limited access to detailed 
data.

vi. Facilitation of reinsurance. Experience suggests that international reinsurers are likely 
to reduce the portion of the premium charged for uncertainty (“loading”) when the 
insurance is based on independently measured weather events.

vii. Transparency. The assessment process in traditional products often leads to disputes 
between farmers and assessors due to the partly subjective nature of the loss adjustment 
process. Weather index contracts are based on the measurement of weather at defined 
weather stations and are therefore extremely objective and theoretically less likely to 
lead to disputes (although basis risk becomes the real driver for dispute).

viii. Facilitating access to financial services. By removing the most catastrophic, spatially 
correlated risk from vulnerable communities, successful index insurance markets have 
the potential to facilitate other financial instruments that are important for poverty 
alleviation and economic development.
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Disadvantages of WII

i. Basis risk. Basis risk is the most problematic feature of index insurance. It is the 
difference between the payout as measured by the index and the actual loss incurred by 
the farmer. Because no field loss assessment is made under index insurance, the payout 
is based entirely on the index measurement and may be either higher or lower than the 
actual loss. The level of basis risk is influenced by several issues. First, basis risk is lower 
when the insured risk is correlated—that is, affecting a large geographical area relatively 
to the same extent and simultaneously. Poorly correlated risks are hail and localized frost. 
Better correlated risks are drought, temperature, and winds. Second, basis risk is higher 
where there are local microclimates, different management practices, and different crop 
varieties—that is, the weather risk may be correlated, but its impact is highly variable.

ii. Technical capacity and expertise. It is imperative to have technical capacity and expertise, 
especially during the initial design phase for new products in agro-meteorology and in 
the operationalisation of the process.

iii. Scarcity of credible weather data. Despite simpler data requirements, accurate and 
complete data sets are still required for index insurance. This applies to the historical 
record of the chosen weather parameter(s) for underwriting and pricing purposes and for 
the recording of the parameter(s) for pay-out calculations during the period of insurance, 
as well as historical yield data to assess risk, design, and price the product, if the weather 
index is to serve as an accurate proxy for loss. For weather index insurance, a long and 
high-quality time series of meteorological data are required (circa 30years of daily data).

iv. Integrity of weather stations. Weather stations used for index insurance must be 
sufficiently secure to prevent tampering. Additionally, they should have automatic, as 
opposed to manual, recording of data. Preferably, data will also be collected from the 
weather stations using automatic reporting systems such as Global System for Mobile 
Communications (GSM) devices. Not only do these provisions increase the quality of the 
data, but they also reduce the potential for human error or data manipulation. The degree 
of integrity has a direct impact on the cost of the uncertainty loading that goes into the 
insurance premium.

v. Complex situations. WII is less beneficial in complex situations, for example, localised 
risks such as heatwaves or microclimates, e.g., in mountainous areas. The scope for WII 
is also limited where agriculture activities are compromised by other complex causes of 
crop loss such as pests and diseases.

vi. Need for farmer/insurer/regulator capacity building and education. Index insurance 
is a new concept for farmers, and therefore any rollout of the product requires intense 
education programs to help them to understand the principle of the pay-out system and 
also the fact that it covers only one risk variable. For insurers, this is a new type of 
insurance product, so they require substantial technical assistance in designing contracts 
and indexes and extensive capacity building to enable them to undertake product 
development on a sustainable basis.
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Importance/contribution of Agricultural Insurance to climate resilience  

i. Increases households or farmer’s willingness to invest in climate-smart agricultural 
technologies that might increase their productivity; enable them attain food security and 
improve their economic situation.

ii. Improve farmers’ access to credit for agricultural activities.

iii. Supports agricultural and rural development by helping households, financial service 
providers and input suppliers cope with low-to-medium episodes of covariate risks, for 
example, drought or excessive rainfall.

iv. Provides an alternative method of financing disaster reduction assistance or relief 
programmes.

v. High participation in agriculture insurance reduces the need for ad hoc disaster programs 
which tend to be expensive, ineffective, and inefficient. 

vi. It takes time and financial resources to adopt and learn new technologies. In the absence 
of income levels that are guaranteed by crop insurance, risky new technologies are seldom 
adopted even if these technologies would improve producer well-being. 

4.10.6 Contribution to CSA
i. Productivity. Index insurance, especially when associated with access to credit, allows 

farmers to take additional risks by investing in improved practices that increase 
productivity and food security, even in situations of adverse weather conditions.

ii. Adaptation through short-term climate risk management. In cases where rainfall varies 
in both seasonal totals and spatial distribution, farmers are faced with the risk of livestock 
loss and reductions in crop yields. Under these conditions, index insurance is designed 
to contain such risks, thus making a significant contribution to farmers’ resilience. In this 
regard, there is considerable interest in the potential role of insurance index in agricultural 
adaptation to climate change.

iii. Mitigation. This will depend on the degree to which insured farmers are able to invest 
in improved production practices (e.g., agro-forestry) that either enhance carbon 
sequestration or reduce greenhouse gas emissions.
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KCEP-CRAL Extension Manuals are well-written and up-to-date publications 
with basic information that Extension Officers and service providers need 
in each value chain. The comprehensive manuals cover all areas of the 
value chain. 

Available extension manuals cover basic cereals (maize, millet and 
sorghum), pulses (beans, cow peas, pigeon peas and green grams), soil 
climate smart agriculture and Farming as a Business as listed:

1. Common Dry Bean Extension Manual

2. Cow Pea Extension Manual

3. Green Grams Extension Manual

4. Pigeon Pea Extension Manual

5. Maize Extension Manual

6. Millet Extension Manual

7. Sorghum Extension Manual

8. Climate Smart Agriculture Extension Manual

9. Farming as a Business Extension Manual

10. Soil Fertility Management Extension Manual

11. Farm Level Agricultural Resilience and Adaptation to Climate 
Change Extension Manual
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