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Foreword 

Climate change and variability continue to be of major concern in Eastern and Central 
Africa (ECA). The impacts are being felt on the region’s agriculture and economic 
development as well as on livelihoods across the all countries in ECA. The situation 
is most precarious in the drylands, which cover approximately 61% of the total land 

area in ECA. In some of the ECA countries, for example, Kenya, dry areas occupy over 80% of 
the total area and are a source of livelihood for many people.

In its current Operational Plan (OP2 2013–2018) the Association for Strengthening Agricultural 
Research in Eastern and Central Africa (ASARECA) has adopted climate smart agriculture as 
a framework with which to ensure improved food security and nutrition, while developing 
livelihood resilience mechanisms to counter the effects of climate change and variability. 
Interventions along these lines are being developed around the three themes under OP2:

• Natural Resource Management and Eco-systems Services (NRMES)
• Markets, Market Linkages and Trade (MMLT)
• Sustainable Agriculture, Food Security and Nutrition (SAFSN)

This publication presentstechnologies and innovations to respond to climate change and 
variability in ECA. These were presented and discussedat a conference on “Climate Change 
Adaptation Strategies, Capacity Building and Agricultural Innovations to Improve Livelihoods 
in Eastern and Central Africa” held on 7 to 9 June 2010in Addis Ababa, Ethiopia. The 
information has been compiled and synthesised by the ASARECA Knowledge Management 
and Upscaling Programme. I thank Dr Seyfu Ketema, the former Executive Director of 
ASARECA, who organised the conference, and the scientists from various CGIAR centres and 
national agricultural research systems (NARS) in the region who provided the information 
used to produce this document.

About ASARECA
ASARECA is a not-for-profit sub-regional organisation comprising 11 countries: Burundi, the 
Democratic Republic of Congo (DRC), Eritrea, Ethiopia, Kenya, Madagascar, Rwanda, South 
Sudan, Sudan, Tanzania and Uganda. Its mission is: “To enhance regional collective action 
in agricultural research for development, extension and agricultural training and education 
topromote economic growth, fight poverty, eradicate hunger and enhance sustainable use of 
resources in Eastern and Central Africa”.

ASARECA brings together scientists and other partners to generate, share and promote 
knowledge and innovations to solve common problems in agriculture in member countries 
and contribute to productivity and growth of the sector. Its partners include farmers, national, 
regional and international research, extension, and training organisations, public and private 
sector actors, non-governmental organisations (NGOs) and development agencies.

Dr Fina Opio
Executive Director, ASARECA
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Preface
In recent years agriculture has been regaining prominence as a vehicle for achieving food and 
nutrition security, poverty reduction and sustainable development. At the same time there has 
been renewed vigour through continental, regional and national strategies and programmes 
to address major challenges facing agriculture and to enable the sector to deliver on these 
broad development goals. Notable among these is the Comprehensive Africa Agriculture 
Development Programme (CAADP) of the New Partnership for Africa’s Development 
(NEPAD), whose objective is to achieve 6% growth in agricultural productivity in Africa by 
2015. Among the many challenges facing agriculture, climate change and variability have 
emerged as major concerns globally as well as in the Eastern and Central Africa (ECA) region. 

The agricultural system in the ECA  region, where the Association for Strengthening Agricultural 
Research in Eastern and Central Africa (ASARECA) operates, relies heavily on rainfall. In this 
region climate change and variability have their most profound impacts on production, food 
security, economic growth and livelihoods of the people. It is predicted, for example, that these 
extreme climates would undermine both short- and long-term agricultural productivity. The 
threat to arid and semi-arid areas in the region in particular is acute, necessitating adaptation 
strategies to ensure food security and improve livelihoods under changing climates. 

To address these issues, ASARECA with the Ministry of Agriculture and Development, the 
Ethiopian Institute of Agricultural Research (EIAR), the International Center for Agricultural 
Research in the Dry Areas (ICARDA) and other regional and international partners organised 
a sub-regional conference on “Climate Change Adaptation Strategies, Capacity Building 
and Agricultural Innovations to Improve Livelihoods in Eastern and Central Africa Post-
Copenhagen (UNFCCC/COP152)” on 7 to 9 June 2010 in Addis Ababa, Ethiopia. One of the 
objectives of the conference was to assess the ability of available agricultural technologies and 
innovations to respond to climate change and variability for improved livelihoods in the arid 
and semi-arid areas in ECA.

This publication is a compilation and synthesis of the information on technologies and 
innovations for addressing climate change and variation in ECA, which were presented at 
the conference by scientists from CGIAR and national agricultural research system (NARS) 
institutions from the region. The technologies and innovations have a focus on arid and semi-
arid lands. The information is organised into three clusters: 1) improved crop technologies, 
which include varieties, management practices, production and utilisation of high value non-
fruit tree products found in dry lands; 2) natural resources management innovations; and 3) 
livestock technologies. 

Dr Lydia Kimenye
Programme Manager, Knowledge Management and Upscaling, ASARECA

2United Nations Framework Convention on Climate Change (UNFCCC), Post-Copenhagen 15th 
Conference of Parties (COP15).
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1.1 
Improved sorghum cultivars for the arid 
and semi-arid lands

Introduction
The impact of climate change is increasingly and seriously affecting agricultural 
production systems in many parts of the world including the Eastern and Central 
(ECA) regions of Africa. Unreliable rainfall patterns, droughts, floods, extreme 
temperatures resulting from effects of climate change are creating serious challenges 
to food production. Crop adaptation and resilience are key factors needed to mitigate 
these effects, and to obtain good crop yields. Rainfed agriculture remains the dominant 
source of staple food production for the rural poor in ECA. Development and use of 
well adapted and resilient crop varieties is therefore key to a more sustainable solution 
for mitigating climate change effects.

Sorghum (Sorghum bicolor L. Moench) is one of the most resilient crop species in terms 
of resisting drought and even floods. It can grow in the belt located between 40°N and 
40°S and in a relief of up to 2000 metres above sea level, e.g. in the highlands of Eritrea 
and Ethiopia. Table 1.1 portrays the inherent adaptation of sorghum to the current 
climate being experienced in the dry and semi-arid lands of ECA. 

Sorghum was ranked number two by the Association for Strengthening Agricultural 
Research in Eastern and Central Africa (ASARECA) among the major cereal crops in 
terms of resilience, as nutrition, and opportunity to enter the commercial markets. The 
average yield potential for sorghum has remained stagnant at between 0.5 to 2.5 tons 
per hectare. Sorghum yields can be improved by enhancing the productivity potential, 
as well as improving the crop’s adaptation and resilience to cope with adverse growing 
conditions caused by climate change. 

Technology description
Improved sorghum varieties that are early maturing and can escape terminal drought 
can provide sustainable options for farmers in arid and semi-arid lands (ASALs) in 
ECA to mitigate the effects of climate change and variability.
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Table 1.1: Inherent adaptation of sorghum to the current climate in the dry and 
semi-arid areas
Adaptation domain Suitability for
Latitudes/longitudes 40°N–40°S
Relief <2000 m
Rainfall (annual) 500–1500 mm; can tolerate 200 mm
Temperatures 25–28°C; best suited
Temperature (lower temperatures) ≥13°C tolerance (Ethiopia, Rwanda and Uganda)
Length of growing period (LGP) 100–130 days
Soil reaction 5.5–8.5 tolerate acid soils better

At least more than 50 sorghum varieties have been released across the 10 ECA countries. 
Some of the varieties have multi-country release status. Sorghum varieties were 
promoted vigorously in the early 2000s, as part of a sorghum and millet improvement 
programme in some of the Sothern African Development Community (SADC) 
countries; Tanzania is a member of SADC. Recently, because of sorghum’s special niche 
in the brewing industry, white-seeded sorghum is increasingly being promoted, as 
there is a market pull for this type of grain which also meets industry specification. The 
specific sorghum varieties are: Tegemeo (in Tanzania) or Epurpur (in Uganda); Gadam 
el Hamam and KARI Mtama 1 in Kenya and Southern Sudan; several others are in the 
pipeline for release. Sudan and Ethiopia have also released hybrid sorghum. However, 
these countries have not had much success in promoting the hybrid because of the 
inadequacy of the seed system. There are opportunities to release more varieties and 
hybrids that meet end-users and especially industrial specification. It is anticipated 
that with a reliable market for the grain, the seed industry will also put its act together 
as the industry will require grain by variety name. With the regional variety evaluation 
programme that the International Crops Research Institute for the Semi Arid Tropics 
(ICRISAT) has established and implemented over several years and complemented 
by geographic information systems (GIS), the adaptability and potential scaling of 
varieties across the region is well established and can be enhanced to facilitate regional 
seed movement. 

By 2010, there were over 75 sorghum cultivars of which 3 are hybrids that have been 
released in ECA. More that 20 have been released in Ethiopia, 18 in Kenya, 9 in Eritrea, 
7 in Sudan. Tanzania and Rwanda have released 6 cultivars each, Uganda 5, while 
Madagascar and Burundi have released 3, and 2 respectively. Only countries where 
hybrids have been released are Ethiopia (2) and Sudan (1).

Scaling-up approaches
Sorghum grain is used by farmers for consumption at household level and, for sale 
or income generation. Its use in feed is limited, but there is great opportunity to 
use sorghum for fodder and forage, especially because crop–livestock integration is 
the predominant farming system in the dry areas. Sorghum is also greatly used by 
non-governmental organisations (NGOs) involved in providing relief food to areas 
experiencing natural catastrophes like drought and floods. The use of sweet sorghum 
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in bioethanol production is being experimented on by several industries to determine 
feasibility to replace molasses in production of ethanol that can be used for blending 
with petroleum products. The bagasse has potential for use as animal feed. There is an 
evolving opportunity of using sorghum in the brewing industry and this is creating a 
great demand in the white-seeded sorghum grain across the ECA and the SADC regions. 
All these different uses for sorghum can provide the stimuli for scaling especially if 
farmers are linked to markets and have access to improved seed. However, marketing 
of sorghum by the formal sector is at a relatively small scale. In some cases farmers are 
linked to the market through collaborative efforts by research and extension to scale 
out the improved technologies.

On-farm demonstrations and field days are approaches that have been used to 
popularise the varieties. Seed companies, which multiply and market seed of improved 
sorghum varieties, are also users of the technology. However there are challenges of 
availing quality sorghum seed in most countries.

Several alternative seed delivery models were tested in Tanzania and were very 
effective. The availability of quality declared seed class allowed community-based 
seed production by involving farmer groups, schools, NGOs and farmer field schools. 
The success was due to the increased adoption of improved varieties, from 5% to 35% 
in the targeted districts of Tanzania. Similar delivery models can be tested in other 
countries to determine the most feasible approaches.
 
The critical and essential factors for successful promotion and wider adoption of the 
technology or innovation include the following:

• Delineation of recommendation and adaptation domains to determine technology 
targeting and areas for scaling out the technology. This can be done using GIS and 
other mapping or spatial techniques.

• Availability of basic and pre-basic seed for further multiplication.

• Demand for the grain, which becomes an incentive for farmers to demand quality 
seeds. 

• Seed systems to meet the demanded grades of seed.

Current situation and future scaling up
Scaling up the improved sorghum varieties has not been easy. Some of the key 
challenges include:

1. Lack of market to absorb the increased production. With the new market for 
sorghum in the brewing industry the strategy is to educate communities on 
availability of this market, on the crop management to meet quality standards and 
grain characteristics; inform the public especially the urban areas where diets and 
eating habits are unhealthy) about the health and nutrition aspects of sorghum 
and also the facts that it can tolerate all the anticipate effects of climate change.

2. Poor post-harvest handling resulting into poor grain quality. There are various 
post-harvest technologies that can be tested and promoted for use by communities 



to improve grain quality. These are community-based threshers that are amenable 
to the rural farming conditions. 

3. Inadequacy of the seed system. Researchers have tested a number of alternatives 
seed delivery models and these can be adapted to the communities and they range 
from formal to informal seed system models, and combination of the two.

4. Contamination of seed especially if the farmers do not get fresh seed every season. 
A defined source of quality seed especially the basic and pre-basic seed classes can 
be established because some of the output markets require a product by name; 
therefore farmers can have the incentive to purchase quality seed every season.

A key lesson learned in scaling up these varieties is that farmers cannot adopt a 
technology based on only one criterion such as high yield. Other considerations can 
include quality attributes required by the market and consumers. Market linkages 
always create technology pull and this way the technology moves faster among large 
numbers of farmers.

Gender considerations
There are specific gender roles in agricultural production. In some societies sorghum 
is considered either a poor man’s crop or a women’s crop; therefore women are 
responsible for the farming and crop husbandry activities because much of it is for 
household food security. The technologies therefore need to be sensitive to gender, 
and to the socio-economic conditions of the farmers at every part of the production 
cycle. Threshing is a tedious activity and already there are technologies to minimise 
drudgery among women who often have the responsibility of post-harvest handling 
of the crop. The threshing equipment also improves the quality of the grain—no grit 
and stones. There is also simple equipment for dehulling and milling sorghum, and 
these minimise the number of hours that women spend grinding, sometimes using 
rudimentary technology like grinding stones. 

Application guidelines for the users 

Application guidelines for use by extension, private sector and lead farmers need to be 
developed and translated into local languages for the targeted communities. These can 
include agronomic practices, post-harvest handling and product development with 
the aim of diversifying the products that can developed from sorghum at household 
and industrial levels. 

Contact details for further information
Name and address of the organisation: ICRISAT Regional Office for Eastern and 
Southern Africa, United Nations Avenue, World Agroforestry Centre, Gigiri, PO Box 
39063-00623, Nairobi, Kenya

Name and address of presenter: Dr Mary A Mgonja, Principal Scientist and Programme 
Leader (Genetic Resources Enhancement and Management); Telephone: +254 20 722 
4562; Fax: +254 20 722 4001; Mobile: +254 720 293 017; Email: m.mgonja@cgiar.org

6



Name and address of the scientists involved in the generation of the technology: 
Dr Mary A Mgonja, Principal Scientist and Programme Leader (Genetic Resources 
Enhancement and Management); Telephone: +254 20 722 4562; Fax: +254 20 722 4001; 
Mobile: +254 720 293 017; Email: m.mgonja@cgiar.org

Plate 1.1: A demonstration field of an improved sorghum variety.
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Plate 1.2: Scientists in a field of improved sorghum.
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                                                                      1.2 

Yarwasha: An early-maturing, drought 
tolerant sorghum variety for low-rainfall 
areas of western Sudan

Introduction
In North Kordofan, sorghum occupies an area of 336,000 ha with 122 kg/ha average 
productivity annually. Due to frequent pearl millet crop failures during the last two 
decades, sorghum cultivation in North Kordofan State has expanded northward to 
predominantly pearl millet producing areas. Low and variable rainfall, short rainy 
season, terminal drought stress, late maturity and low yield potential of local varieties 
are major crop production constraints in the rainfed areas of the State. Hence, early 
maturing varieties with stable high yield are necessary for sustainable crop production. 

Technology description
Yarwasha has been evaluated under researcher managed on-station trials and under 
farmer managed demonstration plots for several seasons in Sheikan locality, North 
Kordofan State. It was officially released in 2003 for general cultivation in the low 
rainfall areas of western Sudan extending between latitudes 12° and 13° 35′N, or an 
area falling south of a line joining Bara and Elfashir and north of a line joining Eldiling 
and Niyala (Figure 1.1). Annual rainfall ranges between 300 mm in the northern border 
and 450 mm in the southern border (Figure 1.2). The length of the growing season at 
Elobeid Research Station in the northern border does not exceed 75 days (Figure 1.3). 
Rains occur between July and October with the peak in August. Variation in rainfall 
amount and distribution is common within and between seasons. The average daily 
temperature ranges from 10°C and 35°C, with an annual variation of 15°C. April, May 
and June are the hottest months of the year, and December, January and February are 
the coolest. Wind direction changes according to the season; north-east in winter, and 
south-west in summer. Soils are predominantly sandy interspaced with silt depressions 
and gardud soils. Sandy soils are very deep, coarse to fine, with low organic matter. 



Figure 1.1: Kordofan and Darfur regions.

Figure 1.2: Rainfall distribution in western Sudan.
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Figure 1.3: Length of growing season, Elobeid city.

Yarwasha is a sorghum variety with early growth vigour, medium tall plant height, large 
creamy white grain, black glumes, loose awnless head, moderately thick non-juicy 
stalk, and leaves with white midrib (Figures 1.4). It produced stable high grain yield of 
1319 kg/ha, has high grain quality (13% protein) and matures within 85 days, 28 days 
earlier than the cultivated local varieties. Under farmer-managed demonstration plots 
at four locations Yarwasha produced 427 kg/ha while Zinnari produced only 147 kg/ha 
(Figures 1.5 and 1.6). These characteristics render Yarwasha the best sorghum variety to 
be considered for promotion in the marginal rainfed areas. Yarwasha is recommended 
to be grown in the low rainfall areas of western Sudan. However, it can also be grown 
in similar arid and semi-arid regions of ECA.

Figure 1.4: Yarwasha, head shape and colour of glumes.



Figure 1.5: Yarwasha at physiological maturity, 75 days from planting.

Figure 1.6: Zinnari (local) at booting stage after 83 days from planting. 

Scaling-up approaches
The technology has been recommended for small-scale subsistent producers who 
constitute 80% of the population that earn their livelihood from agriculture in the 
traditional rainfed areas of western Sudan. These are integrated farmers who grow 
crops, raise animals, especially small ruminants, and manage acacia tree orchards 
for production of gum resins.The technology has been promoted and disseminated 
through demonstration plots, farmer field schools, extension campaigns, field days, TV 
shows and radio messages. Farmers’ capacity to realise the benefit of the technology 
is the most critical and essential factor for successful promotion and wider adoption 

12



of the technology. This can be achieved through proper field demonstration, farmer 
field schools, and extension campaigns. The positive role of progressive farmers and 
local leaders should be realised and highlighted as focal points for fast technology 
dissemination. Incorporating farmers into a credit system could enhance input 
accessibility and technology dissemination. 

Current situation and future scaling up
The demand for Yarwasha is high and always exceeds the available quantities provided 
by seed companies. The Arab Sudanese Seed Company (ASSCO) distributed 86, 133, 115 
and 114 tons, in seasons 2005/2006, 2006/2007, 2007/2008, and 2008/2009, respectively. 
Availability and easy access to the improved seeds are the challenges encountered 
in respect to disseminating the technology further. Community seed production and 
farmers access to credit are critical and essential factors for successful promotion and 
wider adoption of the technology. Community participation in demonstration plots 
and capacity-building through farmer field schools are important lessons learned 
about the best ways of presenting the technology to the largest number of people. 

Gender considerations
Being a subsistent crop, which is gender insensitive, no special consideration was given 
to gender issue during technology innovation. Gender insensitivity was also depicted 
from a questionnaire conducted during field days in 2009 where the technology was 
attractive to 33.3% of male and 37.5% of  female participants in North and South Kordofan 
states. However, during dissemination of the technology, special consideration has 
been given to women participation (vulnerable group) in demonstration plots, farmer 
field schools and field days where at least 25% among participants were women.

Application guidelines for users
The main elements of production technology for high yield for the sorghum variety 
Yarwasha in the marginal rainfed areas include: seed rate 2 kg/ha; Seed dressing 
by Apronstar at the rate of 3 g per kg of seed, optimum planting (First to mid-July) 
depending on rainfall and soil moisture, spacing between rows (inter-row) 50 cm, 
spacing between holes (intra-row) 50 cm, thinning to two plants per hole after two 
weeks from planting, first weeding after two weeks from planting, second weeding 
after four weeks from planting, harvesting after 85 days from planting, and sun drying 
of heads for two to three weeks.

Contact details for further information
Name and address of the organisation: Agricultural Research Corporation, PO Box 126, 
Sudan; Email: Eltahir59@yahoo.com Telephone: 0024951142226; Fax: 00249511843213; 
Mobile: 00249912802296

Name and address of presenter: Elgailani Adam Abdalla, PO Box 429, ElObeid, Sudan; 
Email: Elgailani_ERS@hotmail.com; Telephone: 00249153967299; Fax: 00249611823000; 
Mobile: 00249918008937

13
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Name and address of key scientist: Elgailani Adam Abdalla, PO Box 429 Sudan; 
Email: Elgailani_ERS@hotmail.com; Telephone: 00249153967299 Fax: 00249611823000 
Mobile: 00249918008937

Name and address of key partners: Mekki M. Abdalla, PO Box Ministry of Agriculture 
Animal Wealth and Irrigation, Sudan; Mobile: 00249122245295

Reference
Elhag Hassan Abuelgasim, Hassan Osman A Elawad, Elgailani Adam Abdallla and 

Paul ladu Bureng. 2003. Yarwasha, an early maturing drought tolerant sorghum 
variety for low rain fall areas of Western  Sudan. National Variety Release Committee, 
Ministry of Agriculture and Forestry, Khartoum, Sudan.
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1.3

Einelgazal: An early-maturing, high-
yielding cowpea variety for the marginal 
rainfed areas of North Kordofan

Introduction
Low and unreliable rainfall, terminal drought, late maturity and the low yield 
potential of local varieties are major crop production constraints in the rainfed areas 
of western Sudan. Moreover, subsistent farmers have problems of food supply in the 
period between planting (onset of rainy season) and harvesting, which may last for 
three months. The status of food supply is further aggravated by repeated crop failures 
in preceding seasons. In the past, farmers cultivated small areas in their home yards 
or nearby farms by early maturing crop varieties as a coping strategy to narrow the 
hunger period (hunger period). Thus early maturing cultivars are important elements 
of food security and sustainable crop production. 

Technology description
Einelgazal has been tested, and was officially released in 2000 for the marginal rainfed 
areas of North Kordofan State, located between latitudes 11° 15’ and 16° 45’N, and 
longitudes 27° 05’ to 32°E, with an annual rainfall that ranges between 50 mm on the 
northern border, and less than 450 mm on the southern border (Figure 1.2). The length 
of the growing season varies from about one month or less in the north to about three 
months in the south. The length of the growing season at Elobeid Research Station in 
the northern border does not exceed 75 days (Figure 1.3). Rains occur between July 
and October (humid months), peaking in August. Variation in rainfall amount and 
distribution is common within and between seasons. The average daily temperature 
ranges between 10oC and 35°C, with an annual variation of 15°C. April, May and June 
are the hottest months of the year. December, January and February are the coolest. 
Wind direction changes according to season; north-east in winter and south-west in 
summer. Soils in the area are predominantly stabilised sand dunes locally known as 
goz. These soils are very deep, coarse to fine sand with low organic matter.



Einelgazal is an erect type cowpea variety with synchronous flowering, medium seed 
size (19 g/100 seed), rough seed coat, and black eye (see Figures 1.7, 1.8 and 1.9). 
Einelgazal produced stable high grain yield of 596 kg/ha as compared to 215 kg/ha of 
the local variety, and matured earlier than the cultivated local varieties by almost 55 
days. Evaluated in 60 on-farm trials over 5 years at three locations in Sheikan locality 
in North Kordofan State, Einelgazal produced 363 kg/ha and reached physiological 
maturity in 60–70 days while the local landrace (Baladi) produced only 85 kg/ha and 
reached physiological maturity in 87–117 days. These characteristics render Einelgazal 
the best cowpea variety to be considered for promotion in the marginal rainfed areas 
of Western Sudan characterised by short rainy season and frequent terminal droughts. 
Einelgazal was recommended to be grown in the marginal rainfall areas of North 
Kordofan. However, it can also be grown in similar arid and semi-arid regions of ECA.

  
Figure 1.7: Einelgazal  Figure 1.8: Einelgazal Figure 1.9: Seeds of 
and the local cowpea  at full maturity stage,  Einelgazal. 
70 days after sowing. which is reached 70 
 days from sowing.
 
Scaling-up approaches
The technology has been recommended for small scale subsistent producers who 
constitute 80% of the population that earn their livelihood from agriculture in the 
traditional rainfed areas of western Sudan. These are integrated farmers who grow 
crops, raise animals, especially small ruminants, and manage acacia tree orchards 
for gum Arabic production (agroforestry). The technology has been promoted and 
disseminated through demonstration plots, farmer field schools, extension campaigns, 
field days, TV shows and radio messages. Farmer’s capacity to realise the benefit of the 
technology is the most critical and essential factor for successful promotion and wider 
adoption of the technology. This can be achieved through proper field demonstration, 
farmer field schools, and extension campaigns. The positive role of progressive 
farmers and local leaders should be realised and highlighted as focal points for fast 
technology dissemination. Incorporating farmers into a credit system could enhance 
input accessibility and technology dissemination. 

Current situation and future scaling up
Small-scale farmers started cultivating Einelgazal because of its earliness and good 
performance. AlAwad and Hall (2002) reported that 500,000 farmers were provided 
with seeds of Einelgazal in 2001 in North Kordofan, South Kordofan and North Darfur 
states. Many farmers reported that they have gained high additional income by 
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growing the crop twice, especially in areas with longer rainfall duration. The Arab 
Sudanese Seed Company distributed about 19, 26, 30 and 3 tons in 2005/2006, 2006/2007, 
2007/2008, and 2008/2009 cropping seasons respectively.

Gender considerations
Cowpea is a crop grown mostly by women in areas where the average annually 
cultivated farm size does not exceed 1050 m². During dissemination of the technology, 
special consideration was given to women participation by at least 25% in demonstration 
plots, farmer field schools and field days. Results of questionnaires conducted in North 
and South Kordofan States during field days in 2009, indicated that the technology 
attracted only 26.6% of males as compared to 73.3% of females.

Application guidelines for users
The main elements of production technology for high yield for the cowpea variety 
Einelgazal in the marginal rainfed areas include: planting 2 seeds per hole, seed dressing 
by Apronstar at the rate of 3 g per kg of seed, optimum planting (early to mid-July) 
depending on rainfall and soil moisture, 50 cm intra-row and 25 cm inter-row spacing, 
first weeding after two weeks from planting, second weeding after four weeks from 
planting, harvesting after 60 days from planting, and sun drying of pods for two to 
three weeks.

Besides its extra earliness as a drought escape mechanism, Einelgazal, as a leguminous 
crop, could also be intercropped with cereals to restore soil fertility and minimise pests 
and disease incidence (IPM). If cultivated early, at the beginning of July, Einelgazal 
could be grown twice, thus playing an important role in family economy and food 
security. The possibility of extending its cultivation in areas with high risks of crop 
failure is very high.

Contact details for further information
Name and address of the organisation: Agricultural Research Corporation, PO 
Box 126 Sudan; Email: eltahir59@yahoo.com; Telephone: 00249511842226; Fax: 
00249511843213; Mobile: 00249912802296

Name and address of presenter: Dr Elgailani Adam Abdalla, PO Box 429, ElObeid, 
Sudan; Email: Elgailani_ERS@hotmail.com; Telephone: 00249153967388; Fax: 
00249611823000; Mobile: 00249918008937

Name and address of key scientist: Dr Hassan Osman A. ElAwad; Email: 
hassanelawad@hotmail.com; Fax: 00249185310813; Mobile: 00249918092120; Country: 
Sudan

Name and address of key partners: Mekki M Abdalla, PO Box Ministry of Agriculture 
Animal Wealth and Irrigation, North Kordofan State
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1.4 
Improving sorghum productivity in ASAL 
areas:  Pioneering Gadam for beer 
production by creating ready market for 
the crop

Introduction
The Government of Kenya has been pursuing sorghum production for beer manufacture. This 
programme is spearheaded by the Kenya Agricultural Research Institute (KARI), the Ministry 
of Agriculture and NGOs in partnership with the private sector. In this initiative East African 
Breweries has agreed to use Gadam sorghum as a raw material in their brewing industry as an 
alternative to using barley.

Description of the technology or innovation
Barley, the grain traditionally used for brewing most beer brands, has become more now 
expensive than ever before. Gadam is a local drought tolerant sorghum variety adapted to 
marginal areas (Figure 1.10). It is fast-growing, produces multiple tillers, and grain has soft 
endosperm and good malting quality. In 2009, East African Breweries signed a contract with 
the KARI seed unit and Western Seed Company to produce the Gadam sorghum seed to be 
distributed to 25,000 farmers in eastern Kenya (Embu, Machakos, Makueni and Meru counties) 
which is largely semi-arid. The target demand by the brewery company is 240,000 metric tonnes 
of Gadam sorghum grain per year, which is almost double the total production of sorghum 
in Kenya. The technology is targeting Gadam production in other regions of Kenya and is 
applicable in all countries in ECA.

Scaling-up approaches
Farmers—Lack of markets for sorghum products has been an impediment to sorghum 
production. However, with government and private sector initiatives, the farmers in 
the ASAL areas are now turning to Gadam sorghum to reap the benefits of its use in 
beer production by putting more farms under Gadam. Farmers have ready market for 
their crop.



Figure 1.10: Gadam sorghum in the field in eastern Kenya.

Brewery company—The company is cutting costs of importing expensive barley for beer 
production. The cheaper sorghum-based beer will also allow the company to capture 
a huge chunk of the bottom end of the market that has remained in the hands of illicit 
brewers.

Government—The government will save foreign exchange used to import barley -and 
improve the economic well-being of millions of poor farmers in these regions as it 
offers them a ready market for their produce. The success factors for wide adoption 
include: 1) clean and pure seeds for farmers to use in planting. Farmers should have 
access to quality seeds for production of the selected varieties to enable them fetch 
good market prices for the crop; 2) Banks that continue supporting farmers with 
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soft loans as working capital so that small- and medium-sized farmers can grow the 
sorghum in large quantities; 3) Stepped-up extension services—crop management 
information requires efficient extension services for sustainability. This will improve 
the productivity of the crop; 4) Targeting small-scale farmers, particularly women and 
youth who form the majority of sorghum growers in the ASAL; 5) Markets, and land 
for production.

Current situation and future scaling up
In 2009 production in eastern Kenya was about 10,000 tonnes only while the demand 
from the brewery company in the country is 240,000 metric tonnes per year. Further, 
the company has plans to launch a new brand beer brewed from sorghum by end of 
2011 and therefore there will be an expanded market for Gadam sorghum.

With proper technical advice and the right varieties, farmers can increase production 
and exploit the growing demand.

The current challenges that farmers face can be addressed through: 1) political stability; 
farmers must be able to carry out their farming activities where security is guaranteed 
by the government; 2) cost of inputs. Inputs such as fertiliser and pesticides should be 
readily available in the market; and 3) it has proved vital for farmers to form groups 
for crop production in order to attract high prices.

Gender considerations
Farmers who belong to farmer’s organisations were found to adopt technology faster 
than those who do not belong to any such organisation. In addition, the more youthful, 
and female farmers, are more interested in sorghum production than men. 

Application guidelines for users 

• Sorghum just like maize can be grown as a pure stand or in mixed cropping. Pure 
seeds of a variety can be bought or donated by a seed company. 

• In the case of Gadam sorghum, East African Breweries signed a contract with the 
KARI seed unit and Western Seed Company to produce the Gadam sorghum seed to 
be distributed to farmers in the eastern region of the country which is largely semi-
arid. For example during the short rains, the seed companies distributed Gadam 
seeds to over 25,000 small-scale farmers for planting in 17 districts within region.

• In order to improve on yield from the current famers yield to a range between 1 
to 1.3 tonnes, or even up to 2.5 tonnes per ha, proper management practices must 
be used. Planting with fertiliser and top dressing increases the yield substantially.

• Therefore, farmers growing the crop should be trained by extension staff on all 
phases of sorghum production including planting, management, and marketing of 
the crop. 

• Birds and insect damage must be controlled appropriately. 
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Contact details for further information
Name and address of the organisation: Kenya Agricultural Research Institute, PO Box 
57811 Nairobi; Email: director@kari.org; Telephone: +254-20-4183301-20; Fax: +254-20-
4183344; Mobile: +254-722 206 988, 722 206 986, 733 333 223, 733 333 224

Name and address of presenter: Dr Joel Mutisya, PO Box 14733 00800 Nairobi; Email: 
jmjoel2002@yahoo.com; Telephone: +254 20 4444137; Fax: +254 20 4444137; Mobile: 
+254 721 704605

Name and contact address of key scientist: Mr John Sitieney, PO Box 14733 00800 
Nairobi; Email: johnsitieney@yahoo.com; Telephone: +254 20 4444137; Fax: +254 20 
4444137; Mobile: +254 726433325

Name and contact address of key partners: Africa Harvest Biotechnology Foundation 
International, PO Box 642-00621, Nairobi, Kenya; Email: www.ahbfi.org; Telephone: 
+254 20 7121653; Fax: +254 20 7124078; Mobile: +254 724256977
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1.5

Improved pearl millet cultivars for arid 
and semi-arid lands 

Introduction
The impact of climate change is increasingly and seriously affecting agricultural 
production systems in many parts of the world including Eastern and Central 
Africa (ECA). Rainfed agriculture is and remains the dominant source of staple food 
production for the rural poor in ECA. Current unreliable rainfall patterns, droughts, 
floods, extreme temperatures as a result of climate change are creating great challenge 
for good crop growth to produce enough food. Good crop adaptation and resilience 
are key factors needed in mitigating climate change effects, and obtain good crop 
yields. Development and use of well adapted and resilient crop varieties will form a 
more sustainable solution in mitigating climate change effects. Pearl millet, Pennisetum 
glaucum (L.) R. Br., can grow and still produce substantial grain yield under very 
extreme temperatures, acidic soils, poor soil fertility and drought conditions where 
other crops such as maize and rice fail. 

The mechanism for adaptation and resilience in pearl millet makes it unique and more 
suitable for dryland cultivation and offers sustainable solution for mitigating effects of 
climate change. Pearl millet was ranked number one by Association for Strengthening 
Agricultural Research in Eastern and Central Africa (ASARECA) among the major 
cereal crops (maize, rice, sorghum and finger millet) as the most adapted and resilient 
as well as high nutritive cereal crop for the drylands. However, pearl millet average 
yield potential, like sorghum and other types of millet, has remained stagnant between 
0.4 to 2.5 tons per ha. Pearl millet yield potential can be improved by improving its 
productivity potential, as well as improving its adaptation and resilience to cope with 
adverse growing conditions caused by climate change. Pearl millet has higher nutrient 
content compared to maize and rice and is known to have higher carotene content, a 
natural source of vitamin A. 

Pearl millet varieties were promoted vigorously in the years 2000 to 2004, during the 
implementation of the Sorghum and Millet Improvement Programme (SMIP) project 



for SADC countries. The countries involved were Tanzania, Zimbabwe and Namibia 
where pearl millet is an important food crop. The countries where pearl millet is 
important have climatic characteristics indicated in Table 1.2. 

Table 1.2: Inherent adaptation of pearl millets to the current climate in dry and 
semi arid areas
Climatic conditions Pearl millet Remarks
Rainfall (annual) 200–800 mm Best suited
Rainfall (annual) 250–300 mm Tolerance (250 mm)
Temperatures 33–34°C Best suited
Temperature 10–45°C Tolerance
LGP early duration varieties 75–100 days 75 days
LGP late duration varieties 100–150 days Limit of 100 days

Technology description 
The technology consists of improved varieties of pearl millet that are early-maturing 
and can withstand terminal drought. Pearl millet varieties have been released in  
several countries. There are varieties like Okashana 1 and 2 that have been released in 
more than one country of Eastern and Southern Africa (Namibia, Malawi and Sudan), 
and ICMV221 released in Eritrea, Kenya, Uganda and is currently under national 
performance trial in Tanzania. There is limited option on a variety choices because 
of the limited emphasis put on pearl millet compared to other crops yet it is the only 
certain crop for the arid and semi-arid areas. The pearl millet varieties developed can 
be useful and applicable in the dry areas of Ethiopia, Southern Sudan especially the 
Eastern Equatoria region, The western Sudan and Kordofan region of Sudan including 
Dafur as well as Northern Uganda and northern Kenya. A total of 14 pearl millet 
varieties have been released in ECA, 3 each in Eritrea, Kenya, Tanzania and Uganda, 
and 2 in Sudan.

Scaling-up approaches
The pearl millet varieties are used by farmers for producing grain mainly for home 
consumption. There is limited use in feed but there is great use of pearl millet for fodder 
especially because crop livestock integration is the predominant farming system in 
the dry areas. The pearl millet varieties are also used by NGOs who are involved in 
the provision of relief food to areas experiencing natural catastrophes like drought 
and floods. Seed companies are also the users of the technology as they multiply and 
market seed of improved pearl millet varieties. This is happening in Sudan and Eritrea. 
However, there is a challenge of availing quality seed of pearl millet in most countries 
because of this millet’s biology; it is 100% cross-pollinated.

On-farm demonstrations and field days are the approaches that have been used to 
popularise the technology. Marketing of pearl millet seed is not done by the formal 
sector. Pearl millet is a crop that is not multiplied by commercial seed markets and 
therefore the informal seed provision has been the major and predominant approach 
for reaching farmers with quality seed of improved varieties. A number of alternative 
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seed delivery models were tested in Tanzania and were very effective. The availability 
of quality declared seed class allowed community-based seed production by involving 
farmer groups, schools, NGOs and farmer field schools. The success was to raise 
adoption of improved varieties form 5% to 35% in the targeted districts of Tanzania, 
and up to 45% in Namibia.

The critical and essential factors for successful promotion and wider adoption of the 
technology or innovation include the following:

• Delineation of recommendation and adaptation domains to determine technology 
targeting and areas for scaling out the technology. This can be done using GIS and 
other mapping technologies.

• Availability of basic and pre-basic seed for further multiplication.

• Demand for the grain, which becomes an incentive for farmers to demand quality 
seed. 

• Seed systems to meet the demanded grades of seed.

Current situation and future scaling up
• The main challenge has been lack of market to absorb the increased production. 

The strategy to address this challenge has been to educate the communities on 
the health and nutrition of Pearl millet, and the fact that it can tolerate all the 
anticipated effects of climate change. 

• Poor post-harvest handling resulting into poor grain quality. There are various 
post harvest technologies that can be tested and promoted for use by communities 
to improve grain quality. These are community-based threshers that are amenable 
to rural farming conditions. 

• Inadequacy of the seed system. Researchers have tested a number of alternative 
seed delivery models ranging from formal to informal seed system models that can 
be adapted to the communities. 

• Contamination of seed especially if the farmers do not get fresh seed every season. 
A defined source of quality seed especially the basic and pre-basic seed classes can 
be established because some of the output markets require a product by name; 
therefore farmers can have the incentive to purchase quality seed every season.

The lessons learned are that farmers cannot adopt a technology based on one criterion 
such as high yield. Other considerations can include quality attributes required by the 
market and consumers. Market linkages always create the technology pull and this 
way the technology moves faster among large numbers of farmers.

Gender considerations
Pearl millet is not highly considered and therefore it is women who are responsible for 
the farming and crop husbandry activities because much of it is for household food 
security. The technologies need therefore be gender sensitive and aim at addressing 
gender concerns in each part of the production cycle. Threshing is a tedious activity 
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and already there are technologies to minimise drudgery among women who often 
have the responsibility of post-harvest handling of the crop. The threshing equipment 
also improves the quality of the grain—no grit and stones. There are also simple 
equipment for milling pearl millet and these minimises the many hours that women 
spend on grinding sometimes using rudimentary technology like grinding stones. 

Contact details for further information 

Name and address of the organisation: ICRISAT Regional Office for Eastern and 
Southern Africa; United Nations Avenue, World Agroforestry Centre, Gigiri PO Box 
39063-00623, Nairobi, Kenya; Telephone: +254 20 722 4562; Fax: +254 20 722 4001; 
ICRISAT is a Future Harvest Centre supported by the CGIAR

Name and address of presenter: Dr Mary A Mgonja, Principal Scientist and Programme 
Leader (Genetic Resources Enhancement and Management); ICRISAT Regional Office 
for Eastern and Southern Africa; United Nations Avenue, World Agroforestry Centre, 
Gigiri, PO Box 39063-00623, Nairobi, Kenya; Email: m.mgonja@cgiar.org; Telephone: 
+254 20 722 4562 ; Fax: +254 20 722 4001; Mobile: +254 720 293 017
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1.6

Groundnut technologies for adaptation 
and promotion in arid and semi-arid 
areas of Eastern and Central Africa to 
combat climate risk

Introduction
Groundnut and other crops in many regions will be prone to environmental stresses 
not observed in today’s climate. For example, wetness episodes predicted in parts of the 
region may lead to significant increase in groundnut rosette and other foliar diseases 
like early leaf spots, late leaf spots, rust and post-harvest aflatoxin contamination. 
However, those parts of the region that will experience increased episodes of heat and 
drought stress will have increased incidences of pre-harvest aflatoxin contamination. 
Groundnut is particularly vulnerable to brief episodes of high temperatures >32°C to 
36°C when these coincide with the time of flowering (see Table 1.3). Therefore, in the 
absence of strong adaptation strategies, climate change will exacerbate food insecurity. 
Millions of people in countries that have food shortages will have to give up traditional 
crops as seasons become increasingly unpredictable.

The bottom line is to ensure the development of resilient ecosystems, resilient crops, 
and resilient communities (William Dar 2010). Adaptation measures to water stresses 
during droughts and rainfall variability, for example, planting of drought resistant 
groundnut varieties, promotion of early maturing varieties for drought escape, and 
high yield varieties. Adaptation measures for heat waves include: heat resistant 
cultivars; crop management (shorter season or early maturing crops, supply irrigation, 
and early warning and forecast systems (Adejuwon et al. 2006; ICRISAT 2009).

ICRISAT develops farming systems resilient to shocks, buffering crucial resources like 
water and nutrients and adapting new varieties to warmer temperatures and new pest 
patterns. The organisation has proven innovations in crop, soil and water management 



that can help farmers better adapt to climate change. The ICRISAT repository of genes 
of dryland crops like sorghum, pearl millet, pigeon pea, chickpea and groundnut are 
well adapted to changes in climatic regimes (William Dar 2010).

Table 1.3: Optimum temperature for groundnut vegetative and reproductive 
growth.
Trait Optimum temperature (°C) Reference
Seed germination 28–30 Mohamed et al. (1988)
Flower production 25–28 Fortanier (1957)
Pollen production 23 Prasad et al. (1999)
Pollen viability 23 Kakani et al. (2002)
Peg formation, growth and yield 23 Dreyer et al. (1981)
Root growth 23–35 Prasad et al. (2000)
N-fixation 25 Nambiar and Dart (1983)

Description of the technology or innovation
Drought tolerance: ICRISAT has groundnut varieties that are adapted to high soil and 
air temperatures. For instance, we have developed 14 short-duration and 15 medium 
duration groundnut cultivars released in 11 Eastern and Southern African countries. 
All the short duration cultivars escape end of season drought in their recommended 
zones of adaptation.

Disease resistance: Diseases cause major losses in groundnut in the region. The focus 
of the work has been to alleviate disease constraints to groundnut productivity, mainly 
groundnut rosette virus, early and late leaf spots and rust. Six short duration cultivars 
carry rosette resistance while three of the medium maturity varieties also carry rosette 
resistance.

Aflatoxin management: Groundnut is synonymous with aflatoxin—a highly 
carcinogenic substance produced by the fungus Aspergillus flavus. As a result, strict 
quality control standards have been introduced in many markets in the developed 
countries to safeguard the health of consumers. Climate has a significant effect in 
the development of the aflatoxin problem. ICRISAT has developed strategies, as 
well as production and harvesting methods aimed to reduce or eliminate aflatoxin 
contamination during the pre- and post-harvest stages.

Climate-ready groundnut varieties released in ECA. To date, 17 improved groundnut 
varieties have been released in four ECA countries (see Table 1.4).

Scaling-up approaches 

The four aforementioned countries account for approximately half of the 3.3 million 
hectares of groundnuts grown in the ECA region, impacting on the livelihoods of 
more than 6 million individuals (assumes 5.2 individuals per household). Smallholder 
farmers grow the crop under low input conditions, and yields vary from 400 to 700 
kg/ha. Lack of seed of improved varieties, poor agronomic practices, diseases and 
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pests are considered to be some of the major factors limiting yield in the region. The 
potential for increasing farmers’ yields through crop improvement, particularly biotic 
and abiotic stress resistance, and thus total production in the region is very high if 
mitigation strategies for adaptation to climate change are considered. New high-
yielding improved varieties will be introduced to various communities in ECA using 
approaches as geographic information systems (GIS), farmer participatory variety 
selection (FPVS), and farmer field schools.

Table 1.4: Groundnut line bred by ICRISAT and released by NARS partners as 
new cultivars
Country Breeding line/Germplasm accession Released 

name
Year of 
release

Congo ICGS 27 ICGS 27 1990
JL 24 JL 24 1990

Ethiopia ICG 7794 Roba 1988
ICG 273 Sedi 1993

Tanzania Robut 33-1 selection Johari 1985
ICGMS 33 Pendo 1998
ICGMS 46 Sawia 1998
ICGV-SM 83708 Mnanje 2009
ICGV-SM 99555 Naliendele 09 2009
ICGV-SM 99557 Mangaka 09 2009
ICGV-SM 01711 Nachingwea 09 2009
ICGV-SM 01721 Masasi 09 2009

Uganda ICGV-SM 83708 Serere Red 1999
ICG 12991 Igola 1 1999
ICGV-SM 90704 Igola 2 1999
ICGV-SM 93535 Serenut 5 2010
ICGV-SM 99566 Serenut 6 2010

Current situation and future scaling up
Groundnut is an important food and cash crop in the Eastern and Central Africa (ECA) 
region. Democratic Republic of Congo, Tanzania, Sudan and Uganda are the major 
groundnut producing countries. ICRISAT has released high-yielding, early-maturing 
and drought tolerant varieties adapted to the arid and semi-arid areas of DR Congo, 
Ethiopia, Tanzania and Uganda.

17 groundnut varieties matching or exceeding the drought and heat thresholds listed 
above are available for wide-scale promotion and adaptation in Eastern and Central 
Africa. Two have been released in DR Congo while 17 are in the final stages of evaluation 
with farmers in PVS trials with potential for release in the next two to three years. Five 
have already been released in Uganda (two in 2010), but major efforts are required to 
design appropriate seed systems for their delivery to smallholder farmers. Eight have 
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been released in Tanzania (five in 2009), and major efforts have been undertaken to 
avail seed for their large-scale adoption, and two are released in Ethiopia.

Gender considerations 
Groundnut is essentially a woman’s crop in ECA. Enhancing the income generating 
potential of the crop through its increased yields is therefore enhancing women’s status 
in society. Most cultural practices in groundnuts are done by women. Women spend 
significant amount of time harvesting and shelling. Village level processing is also 
mainly by women. Women’s engagement in Participatory Variety Selection (PVS) and 
value chain development will be key to increase productivity and equitable benefits 
sharing (nutrition and incomes). The ICRISAT work on bunch type cultivars would 
make harvesting easier and introduction of hand operated mechanical shellers would 
release women’s time to do other important work for their families.

Application guidelines for users
ICRISAT has employed several strategies to promote wide-scale adoption of 
groundnuts varieties released in the eastern and southern Africa region. These include: 
Improvement of the adaptive capacity of smallholder farmers from diverse parts of the 
region to sustainable use of technologies that the targeted population depend upon 
and do so under changing biophysical and socio-economic conditions. The strategies 
are discussed in the following sections.

1.  Geographic information systems:  This approach uses climate characteristics of the crop/
variety during the growing season, based on the notion that areas of suitability are 
those with the same climatic characteristics. It uses these characteristics of the sites 
where the technology was tested and released, and extrapolates to identify larger 
areas of potential adaptation in the country for which the technology is released. 
This is further extrapolated to similar agro-ecological zones of the region taking 
the understanding that zones of adaptation do not follow country boundaries. This 
approach facilitates matching the requirements of the crop and the characteristics 
of the environment for successful transfer of new varieties to farmers’ fields across 
the ECA region. 

2.  Farmer field schools: Farmer field schools is a participatory extension approach 
based on innovative learning, which employs non-formal adult learning through 
experimenting with new technologies. Coherent farmer groups are established 
with the aim of facilitating research and extension of new improved technologies, 
establish, articulate farmer needs, and graduates farmers from dependence on 
external support. Ultimately farmers evaluate and adapt new technologies to their 
local conditions.

3.  Farmer participatory variety selection through the mother-baby trials approach: This 
technique increases farmer participation in technology evaluation employing a 
trial linked design that provides researchers with tools to quality feedback from 
farmers. It is a good communication and learning tool and generates swift results 
because spontaneous adoption begins during experimentation. The methodology 
helps identify the most suitable technologies and disseminating them quickly. 
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Researchable challenges, opportunities and approaches to address groundnut 
production constraints under a changing climate.

ICRISAT has had 28 years of physical presence in Eastern and Southern Africa, having 
established regional offices in Zimbabwe and Malawi since 1982. ICRISAT currently 
has offices in Kenya, Malawi, Mozambique and Zimbabwe. The presence of ICRISAT 
in the region provides for closer interaction with national agricultural research 
systems (NARS) for technology development and dissemination. Excellent working 
relationships have been established with the two sub-regional organisations (SROs), 
SADC/FANR in Southern Africa, and ASARECA in Eastern and Central Africa. Malawi 
provides a natural screening environment for key biotic and abiotic constraints. The 
following are some of the challenges, opportunities and strategies that can address 
each of the major constraints in a changing climate.

Groundnut rosette disease

The groundnut rosette disease is endemic to groundnut growing countries of sub-
Saharan Africa and its off-shore islands such as Madagascar. Epidemics of groundnut 
rosette disease in African countries often significantly reduce groundnut production 
and cripple the rural economy. The disease epidemic has totally destroyed the crops 
in several countries in sub-Saharan Africa on several occasions. In 1975 an epidemic 
in northern Nigeria destroyed approximately 0.7 million ha of groundnut, estimated 
at the cost of US$250 million (Yayock et al. 1976). In 1980s it was established that 
groundnut rosette disease had a complex etiology involving three agents (Murant 
et.al 1988): 1) Groundnut rosette assistor luteovirus (GRAV); 2) Groundnut rosette 
umbravirus (GRV); and 3) Satellite RNA of GRV (Sat RNA). Resistance to rosette 
was first discovered in groundnut landraces originating from Burkina Faso and Cote 
d’Ivoire as early as 1954. Since then more sources of resistance have been identified 
in germplasm, but none of these lines have resistance to GRAV, which is one of the 
components of the disease cycle. The resistance identified from West Africa is governed 
by two independent recessive genes, and has formed the basis for rosette resistance 
breeding programmes throughout Africa. Currently, several resistant varieties in ECA: 
ICG 12991, ICGV-SM 90704, ICGV-SM 99566 and ICGV-SM 93535 (Uganda), ICGV-
SM 99555, ICGV-SM 99557, ICGV-SM 01711, and ICGV-SM 01721 (Tanzania) have 
been released. With harmonised seed regulations in the SADC region, these varieties 
can also be adapted into similar agro-ecologies in DR Congo. Others are currently 
in advanced testing and the programme has segregating populations from F2 to F6 
generations with the objective of developing improved GRD-resistant breeding lines, 
and to combine GRD and vector resistance.

Recommendation for addressing the groundnut rosette disease 
challenge 

Research priorities for rosette should therefore centre around characterisation of the 
sources of resistance and knowledge of the alternative hosts including integrated pest 
management (IPM) of the aphid vector. Though several sources of resistance have 
been identified in both wild and cultivated groundnuts, these sources have not been 
characterised and therefore very little is known about the diversity of the observed 
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resistance. Once this is known then incorporation into adapted high-yielding varieties 
will be the next step while additional efforts are directed at identifying more sources 
of resistance and the alternative hosts. Field screening trials in Malawi have clearly 
separated genotypes resistant to one of the virus components in the disease complex, 
while others appear to be resistant to the aphid vector (ICG 12991 for example). 
This finding provides opportunity for development of genetic markers availing a 
simpler screening methodology to identify aphid and virus resistance in lines thereby 
accelerating breeding progress. It is important to develop genetic markers for the two 
independent recessive genes that govern resistance towards groundnut rosette virus 
as well as markers for the single recessive vector resistant gene.

GRAV is the main component involved in aphid transmission. It is not certain how 
only GRAV affects the plant system and productivity. Therefore GRAV resistance will 
provide additional defence and will be particularly helpful in situations where very 
high aphid infestation results in late infection in some branches in resistant genotypes. 
As seasons get shorter and drought episodes increase, this will likely favour mass 
multiplication of the aphid vector resulting in higher infestation and even breaking 
down of resistance. Identification of combined resistance to GRAV, GRV and its sat RNA 
is considered vital to broadening the genetic base of rosette resistance in groundnut.

Leaf diseases

Early leaf spot (ELS) disease, caused by the fungus Cercospora arachidis, and late 
leaf spot (LLS) disease caused by fungus Cercosporidium personatum, are the major 
destructive disease of groundnuts worldwide (Smith et al. 1992). Problems related to 
leaf spot diseases cause nearly complete defoliation and yield losses of up to 50% or 
more. The leaf spot disease epidemics are affected by weather patterns such as hot and 
wet conditions (Shew et al. 1988). 

Recommendation for addressing foliar leaf diseases 
Breeding for resistance is one of the best means of reducing crop yield losses and 
it is a strategy particularly well suited to help smallholder farmers, who generally 
lack financial resources, to use chemical control methods. Screening and breeding of 
acceptable varieties with resistance to early leaf spot has been extensively performed 
in Malawi. Breeding populations ranging from F2 to F7 generations are available; 
some of which carry multiple resistances (ELS rosette combined). Currently we have 
improved early-maturing ELS-resistant varieties, like ICGV-SM 95713, 95714, 95740 
and 9574, that have consistently outperformed JL 24 in yield. In Malawi, the kernel 
yield of these ELS-resistant varieties increased by 23%, to 43% compared to JL 24 across 
15 locations. Similarly in Mozambique yields of the ELS-resistant varieties increased 
by about 50% compared to the local variety Natal Common. However, ELS resistance 
is usually associated with poor grain qualities. The programme is therefore focusing 
on the development of new ELS-resistant varieties combining both agronomic and 
quality superiority over the known acceptable controls. Based on the results obtained 
on components of resistance to early leaf spot (incubation period, infection frequency, 
lesion diameter, and defoliation) by the ESA programme, suitable parents have been 
chosen to generate different filial generations for inheritance study and transfer of 
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resistance. Knowledge of the components of resistance inherent in elite varieties is 
essential in matching cultivars to their probable zones of adaptation.

Aflatoxin and market quality

Confectionary nuts are eaten or consumed directly. The greatest challenge to the 
growth of this market worldwide is aflatoxin contamination. Research efforts to reduce 
aflatoxin contamination in groundnuts should therefore be prioritised. The value of a 
resistant source depends upon the level and stability of its resistance. Resistance to 
pod infection has been reported to be highly variable and of a low level. In vitro seed 
colonisation by A. flavus (IVSCAF) is not absolute and only a few lines (J 11, PI 337394 
F, and PI 337409) have shown stable resistance. Finally, resistance levels to aflatoxin 
production in the known sources is relatively low.

Recommendation to address the aflatoxin contamination and market quality challenge 
Genetic resistance though very important should be looked at as a component in the 
integrated management of the aflatoxin problem. There are three types of resistance 
to aflatoxin- producing fungi: resistance to pod infection (pod wall), resistance to 
seed invasion and colonisation (seed coat), and resistance to aflatoxin production 
(cotyledons). There are already known sources of resistances to all the types reported 
above. Facilities for screening against seed invasion and colonisation are available 
at the Chitedze Research Station. Pod strength and resistance to cracking as well as 
colonisation by the fungi can be significantly affected by episodes of droughts and 
wetness, depending on what stages of the crop’s development these occurs. The 
confectionary groundnut market seems to be governed by consumers preference for 
taste, grain colour, size, shelf life of marketed products and industrial specifications 
for particular size and shape of necessity this demands that efforts be directed towards 
breeding and selection for oil content and quality, particularly, low oil content to reduce 
problems of rancidity, and high oleic / linoleic ratios, which favour long shelf life.

Success in these areas will require strong partnerships between the international 
agricultural research centres (IARCs), SROs and national research and extension 
services with a range of other partners including NGOs, farmers’ organisations, the 
private sector, universities, policy makers, and donor agencies.

Drought

The largest area under groundnuts production in the ECA region lies in the arid and 
semi-arid tropics, characterised by short and erratic rainfall season. Short duration 
varieties would be more suitable for these areas but the region still lacks enough 
suitable varieties. There are several reasons why short duration varieties are not 
popular among farmers in the vast ECA region. These include: 

1. Lack of an adequate number of released varieties matching the available length of 
growing period. 

2. Sources of foliar disease resistance in the early maturity germplasm are very rare 
whereas in the region, in general, both ELS and rosette are endemic.

3. Lack of appropriate screening facilities for drought research—particularly end of 
season drought—which is most serious in ECA.
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4. Problem of sprouting due to lack of dormancy in the few available short duration 
accessions.

The confounding constraint of lack of sources of resistance to foliar diseases in the 
early germplasm is now partly addressed with the availability of ELS and Rosette-
resistance sources.

Recommendations to address the drought challenge

The ICRISAT strategy to address the variety needs of the region will therefore be 
to target varieties that will reach physiological maturity within 90–100 days for the 
large part of ECA. Very short season germplasm accessions from Bolivia have been 
identified which reach physiological maturity within 70 days in Bolivia. It is important 
to introduce some of these accessions to the region, study their maturity patterns, and 
identify some of these that can be useful for the region farmers’ needs. In our quest 
to address the drought constraint in groundnut, there is need to develop genotypes 
that can use the limited available water efficiently in order to enhance groundnut 
productivity in ECA. In physiological model, pod yield is associated with transpiration 
(T), transpiration efficiency (TE) and harvest index (HI) all of which have a significant 
bearing on climate. However, some of these traits are not easy to measure in large 
populations under field conditions. A search for easily measurable surrogate traits for 
TE led to specific leaf area (SLA) and then, on to SPAD Chlorophyll Meter readings, 
which can be used for rapid assessment of SLA and specific leaf nitrogen (also a 
surrogate measure of TE in groundnut). Water-use efficiency (WUE) is correlated with 
specific leaf area (SLA), which is an easily measurable trait. To improve SLA and in 
turn WUE and HI, understanding the genetic systems that control expression of these 
traits is essential to choosing an efficient breeding procedure. There is therefore need 
to study the mode of inheritance of these traits. For ESA, in the absence of facilities 
like rainout shelters and line irrigation system in many NARS programmes ICRISAT 
rely on screening under natural dryland conditions. The ICRISAT location, Ngabu, 
in Malawi, provides an excellent natural environment because the season is short (90 
days) hence a combination of planting time will ensure good end-of-season stress 
for the crop. Finally, genetic resistance to dormancy is available. This will necessitate 
combining drought resistance/tolerance or escape with dormancy, so as to avoid the 
problems of seed sprouting in the soil in case of few accidental showers at the end of 
the season.

Contact details for further information 
Name and address of the organisation: International Crops Research Institute for 
the Semi-Arid Tropics (ICRISAT), PO Box 1096, Lilongwe, Malawi; Telephone: +265 
1707057 /067, Fax: +265 1707298, Mobile: +265 888203858 Country: Malawi

Name and address of presenter: Dr Emmanuel S Monyo (Principal Scientist, Breeding), 
and Dr Sam Njoroge (Associate Professional Officer, Pathology); ICRISAT, PO Box 
1096, Lilongwe, Malawi; Email: e.monyo@cgiar.org; Telephone: +265 1707057/067; 
Fax: +265 1707298; Mobile: +265 888 203858; Country: Malawi

34



Name and address of key partners: 
Dr Omari Mponda, Naliendele Research Institute, PO Box 509 Mtwara, Tanzania; 
Email: mpondaomari@hotmail.com; Telephone: +255 232333836, Fax: +255 232333922, 
Mobile: +255 784471813; Country: Tanzania

Mr Kalule Okello David; NaSARRI, PO Box Soroti, Uganda; Email: kod143@gmail.
com; Telephone: +256 712 858768, Mobile: +256 753 858768; Country: Uganda

Dr Idumbo Kasele, c/o INERA, 13 Avenue de Cliniques, Kinshasa, Gombé, Democratic 
Republic of Congo; Email: idumbo2@yahoo.com; Telephone: Tel: +243 817888810; 
Mobile: +243 814083823; Country: Democratic Republic of Congo
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1.7 

New bush bean varieties adapted to acid, 
low fertility soils for semi-arid regions

Introduction
Low soil fertility is one of the most serious constraints to bean productivity in many 
ASARECA countries. Although soil fertility can be improved by application of 
fertilisers, lime and organic amendments, most smallholder farmers cannot afford 
external inputs and rarely apply fertilisers and/or manures to their bean crops. More 
than 60% of the soils in bean production zones are deficient in phosphorus and 
nitrogen. More than 30% of the bean crop is grown in acid soils. Root rot is a serious 
threat to bean production and causes losses of 221,000 tonnes per year in east, central 
and southern Africa. Root rot is more severe in depleted soils and therefore closely 
related with low soil fertility.

Drought-resistant varieties are one of the most important strategies for coping with 
frequent droughts in bean production areas in ECA. Drought is endemic in large areas 
of Ethiopia, Kenya, Tanzania, Sudan, and in eastern Rwanda and Burundi. Frequency, 
intensity and occurrence of drought vary considerably in bean growing areas (Amede 
et al. 2003).

Drought resistant bean varieties are particularly important for resource-poor 
smallholder farmers who have few other alternative and practical options of reducing 
adverse impacts of drought stress. Bean varieties with high nutrients use efficiency, 
and marketable grain types offer new opportunities for enhancing bean productivity 
in low input production systems in ECA. Nutrient efficiency ensures that any external 
nutrient inputs will be used efficiently and transformed into edible plant biomass. It 
also reduces nutrient mining. 

Description of the technology or innovation
Three new varieties with combined tolerance to low soil fertility (low P, low N and soil 
acidity and associated aluminium and manganese toxicity), drought and resistance to 
root rots have been developed and released by partners of regional bean networks in 



the ASARECA region. These were released as NABE 13, NABE 14 and Kenya Umoja. 
Two new varieties adapted to low soil fertility, root rots, and moderately tolerant to 
drought were developed by NACCRI (NARO) Uganda. A third variety was developed 
through a collaborative effort between University of Nairobi and Egerton University in 
Kenya. The three varieties are Kenya Umoja released in Kenya, and RWR 1946 (NABE 
13) and RWR2075 (NABE 14) released in Uganda. Kenya Umoja is well adapted to soils 
low in P and N. It has the large red mottled grain type popular in Kenya and Uganda. 
It matures in 80-90days. NABE 13 is has a large red grain type. It is resistant to root rots 
and is very tolerant to acid soils low in phosphorus and nitrogen. It is also resistant to 
aluminium and manganese toxicity, grows vigorously, and has heavy seeds. NABE 14 
has marketable large red seeds. It is resistant to low soil fertility (low P, N) and grows 
well in acid soils. It is also resistant to root rots and angular leaf spot. These varieties 
have the upright erect growth habit that is easy to manage and harvest. They are more 
drought tolerant than most of the varieties available to farmers in medium and high 
altitudes, and can contribute to stabilisation of bean productivity especially in face of 
frequent and often severe intermittent droughts. These also have a yield potential of 
1.5 to 2.5 t/ha.

Potential production zones include central highlands and Rift Valley region of Kenya, 
eastern Rwanda, Burundi and eastern Uganda. These varieties have been extensively 
tested both on-station and on-farm trials in major bean production zones where 
intermittent and terminal drought are major constraints. These regions correspond to 
African bean environments (AFBE 5, 6, 9 and 10) described by Wortmann et.al (1998). 
These environments have <400 mm of available moisture, with monomodal or bimodal 
distribution and soil pH >5.5. Seed production on a limited scale has started in Kenya 
and Uganda. 

Scaling-up approaches
The intended users of these technologies include: 

1. Millions of smallholder farmers in drought prone environments 

2. Rural and urban bean producers including smallholder subsistence and commercial 
farmers 

3. Bean traders 

The dissemination approaches that were used to reach the users of these technologies 
included:

1. A wider-impact strategy developed by PABRA/CIAT (CIAT 2005; Rubyogo et al. 
2010).

2. Partnerships with a broad range of partners including NARS, extension officers, 
NGOs, community-based organisations, farmers and farmer groups.

3. Use of wide variety of media, including field days, demo plots, video, promotional 
materials including brochures, and leaflets in multiple languages.

From the experience in disseminating these technologies, the critical and essential 
factors for successful promotion and wider adoption include:
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1. Adequate availability of seed

2. Adequate availability of promotion materials to create awareness

3. Farmer and other end-user involvement during the development and testing of the 
product

4. Small packs which are affordable and enhances reach

5. Demonstrations in various venues

6. Timely availability of planting materials in multiple locations and other inputs

7. Availability of additional inputs such as inoculants, manure, is beneficial to 
realisation of benefits

8. Marketability of the product

Current situation and future scaling up
Among the challenges encountered and likely to affect further dissemination, adoption 
and scaling up/out include: limited amount of see; limited distribution channels; 
limited personnel for production of basic, certified seed; and operational expenses.
The following recommendations can be applied to address these challenges:

• Support production of adequate quantities of seed, link with partners with special 
capacities for dissemination. 

• Seek various options for support from development partners for seed money.  
• Support commercialisation of seed of new varieties for sustainability. 

• Conduct promotional activities with partners.  
• Train farmers on seed production and storage.  
• Linkages with partners with adequate capacity to produce certified seed including 

processing, dressing and labelling.

Among the lessons learned about the best ways to get technologies or innovations 
used by the largest number of people include: involvement of end-users during 
product development and testing and taking their preferences into consideration, 
availability of descriptions of technologies; promotion through a variety of channels; 
and partnerships, to ensure wide reach of the technologies.

Gender considerations
Women are the primary actors in the selection, production, harvesting, processing and 
consumption of bean products. Participatory approaches revealed they have specific 
preferences, including: earliness, upright growth habit, cooking characteristics, taste, 
after-cooking shelf life, cooking time (save on fuel costs), flatulence, compatibility with 
other crops (intercropping), high yield potential, drought resistance and resistance to 
pests and diseases.
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Application guidelines for the users 
Refer to technical handbook chapter on beans (Kenya) for recommended management 
practices. This was recently updated (2010). Copies can be obtained from Agricultural 
Information Centre (AIC), National Agricultural Laboratories, Nairobi, Kenya.

Contact details for further information
Name and address of the organisation: Prof Agnes Mwang’ombe, Principal, College 
of Agriculture and Veterinary Sciences, University of Nairobi, PO Box 29053-00625 
Nairobi, Kenya; Email: principal-cavs@uonbi.ac.ke or deanagric@uonbi.ac.ke; Prof 
Agnes Mwang’ombe mwangombe@kenyaweb.com; Telephone: +254 020 2055126; 
Mobile: +254 722921075; Country: Kenya

Name and address of presenter: Paul Kimani, International Center for Tropical 
Agriculture (CIAT)/Department of Plant Science and Crop Protection, University 
of Nairobi; PO Box 29053-00625 Nairobi, Kenya; Email: kimanipm@nbnet.co.ke; 
Telephone: +254 20 2048561; Mobile: +254 724511585; Country: Kenya

Name and address of the organisation: National Agricultural Research Organisation 
(NARO), National Crops Resources Research Institute (NACRRI), Namulonge, PO 
Box 7084, Kampala, Uganda; Telephone: +256 41 573016; Fax: +256 752741554

Name and address of key scientists: Dr. Michael Ugen, National Crops Resources 
Research Institute (NaCRRI), National Agricultural Research Organisation (NARO), 
PO Box 7084, Kampala, Uganda; Email:  m.ugen@naro-ug.org, michaelugen@yahoo.
com; Telephone: +256 41 573016; Mobile: +256 772 446739/712 446739; Fax: +256 
752741554

Dr Annet Nama, National Crops Resources Research Institute (NaCRRI), National 
Agricultural Research Organisation (NARO), PO Box 7084, Kampala, Uganda; 
Telephone: +256-414-573016(office); Mobile: +256-777499691; Fax: +256-752-726554; 
Email: annetnama@yahoo.com 

Name and address of key partners: Dr Robin Buruchara, International Center for 
Tropical Agriculture (CIAT), PO BOX 6247, Kampala, Uganda; Email: ciatadmin-Uga@
cgiar.org; Fax: +256 41 567 635
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1.8 

Early-maturing, drought tolerant bush 
bean varieties for semi-arid regions

Introduction
These varieties, developed for production in semi-arid areas, are more drought- tolerant 
than most of the varieties available to farmers in this region, and can contribute to 
stabilisation of bean productivity—especially in the face of frequent and often severe 
drought and the associated moisture stress. Annual bean yield losses due to drought 
are estimated at more than 396,000 kg per year in East, Central and Southern Africa.

Drought-resistant varieties are one of the most important strategies for coping with 
frequent droughts in bean production areas in East and Central Africa. Drought is 
endemic in large areas of Ethiopia, Kenya, Tanzania, Sudan, and in eastern Rwanda 
and Burundi. Frequency, intensity and occurrence of drought vary considerably in 
bean growing areas (Amede et al. 2003).

Drought resistant bean varieties are particularly important for resource poor 
smallholder farmers who have few other alternative and practical options of reducing 
adverse impacts of drought stress. 

Description of the technology or innovation
The technology consists of 12 early-maturing, drought resistant bush bean varieties 
developed by the University of Nairobi (Miezi Mbili, Kenya Early, Kenya Sugar and 
New Rosecoco) by KARI-Katumani (Kat B1, Kat B9, Kat 56 and Kat 69), ISAR-Rwanda 
(SER30, SER16, RWR 2245, and RWR 1180) and ISABU (Burundi) in partnership with 
the Pan-African Bean Research Alliance (PABRA) and the International Center for 
Tropical Agriculture (CIAT). These varieties have been released and ready for large-
scale dissemination. They include small, medium and large seed grain sizes of major 
market classes, and have average yields of 1320–2300 kg/ha and yield advantage >30% 
compared with commercial varieties. These mature in 80 to 90 days. Green pods can 
be harvested within 48 days after planting.



Other attributes of these bush bean varieties are: 

1. Upright growth habit (type I). 

2. Early maturity. 

3. Market class: large-seeded sugar, small and medium reds, yellow, red mottled and 
red kidney grain types.

4. Disease resistance: They are moderately or resistant to resistance to rust, common 
bacterial blight, halo blight, angular leaf spot, anthracnose, bean common mosaic 
and necrotic viruses. 

Refer to the Regional Seed Catalogue (ASARECA 2004) for information on individual 
varieties.

These varieties arose from selection and extensive testing both on-station and on-farm 
trials in major bean production zones in drought prone areas in Burundi, Rwanda 
and Kenya, which are representative of other semi-arid zones. Results showed that 
they are adapted to production zones with altitudes of 1100 to 1800 m above sea level. 
Average yields vary from 130 to 2300 kg/ha. These regions correspond to African 
bean environments (AFBE 5, 6, 9 and 10) described by Wortmann et al (1998). These 
environments have <400 mm of available moisture, with monomodal or bimodal 
rainfall and soil pH >5.5.

Scaling-up approaches
The users of the technology include: Millions of smallholder farmers in drought prone 
environments; Rural and urban bean producers; Traders; a wide range of rural and 
urban consumers (the poor, the malnourished, women/men, those with land shortages, 
bean users generally) and, commercial farmers.

The dissemination approaches used to reach the users of the technology included:

• Wider impact strategy developed by PABRA/CIAT (CIAT 2005; Rubyogo et al. 
2010)

• Mainly through partnerships with a broad range of partners including NARS, 
extension officers, NGOs, community-based organisations, farmers and farmer 
groups

• Use of wide variety of media, including field days, demo plots, video, promotional 
materials including brochures, leaflets in multiple languages.

From the experience in disseminating the technology the critical and essential factors 
for successful promotion and wider adoption include: adequate availability of seed, 
adequate availability of promotion materials to create awareness, farmer and other 
end-user involvement during the development and testing of the product small packs 
which are affordable and enhance reach, demonstrations at various venues, timely 
availability of planting materials in multiple locations and other inputs, availability 
of additional inputs such as inoculants and manure that are beneficial to realisation of 
benefits, and the marketability of the product.
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Current situation and future scaling up
Among the challenges encountered and likely to affect further dissemination, adoption 
and scaling up/out include: limited amount of seed, limited distribution channels, 
limited personnel for production of basic, certified seed and operational expenses

The following are recommendation for addressing the challenges:

• Support production of adequate quantities of seed

• Link with partners with special capacities for dissemination

• Seek various options for support from development partners for seed money

• Support commercialisation of seed of new varieties for sustainability

• Conduct promotional activities with partners

• Train farmers on seed production and storage

• Linkages with partners with adequate capacity to produce certified seed including 
processing, dressing and labelling

The lessons learned about the best ways to get technologies or innovations used by the 
largest number of people were:

• Involvement of end-users during product development and testing and taking 
their preferences into consideration

• Availability of descriptions of technologies

• Promotion is critical through a variety of channels

• Partnerships, to ensure wide reach of the technologies

Gender considerations
Women are the primary actors in the selection, production, harvesting, processing and 
consumption of bean products. Participatory approaches revealed they have specific 
preferences, including: earliness, upright growth habit, cooking characteristics, taste, 
after cooking shelf life, cooking time (save on fuel costs), flatulence, compatibility with 
other crops (intercropping), high yield potential, drought resistance and resistance to 
pests and diseases.

Application guidelines for the users 
Refer to technical handbook chapter on beans (Kenya) for recommended management 
practices. This was recently updated (2010). Copies can be obtained from Agricultural 
Information Centre (AIC), National Agricultural Laboratories, Nairobi, Kenya.

Contact details for further information
Contact person: Prof Agnes Mwang’ombe, Principal, College of Agriculture and 
Veterinary Sciences, University of Nairobi, PO Box 29053-00625, Nairobi, Kenya; Email: 
principal-cavs@uonbi.ac.ke or deanagric@uonbi.ac.ke; Prof Agnes Mwang’ombe 
mwangombe@kenyaweb.com; Telephone: +254 20 2055126; Mobile: +254 722921075
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Name and contact address of presenter: Paul Kimani, CIAT Regional Programme on 
Beans in Eastern Africa, Department of Plant Science and Crop Protection, University 
of Nairobi, PO Box 29053-00625, Nairobi, Kenya; Email: kimanipm@nbnet.co.ke; 
Telephone: +254 020 2048561; Mobile: +254 724511585

Names and contacts of key scientists in Kenya (for Katumani varieties)

Contact: Dr CW Kariuki, Kenya Agricultural Research Institute (KARI)-Katumani, PO 
Box 340 Machakos, Kenya; Email: cwkariuki@jambo.co.ke; Mobile: +254 722674277

Contact of principal scientist: David Karanja/ David Macharia, Kenya Agricultural 
Research Institute (KARI), Katumani, PO Box 340-90100, Machakos, Kenya; Email: 
ksukatu@wananchi.com or karanjadr@yahoo.com; Telephone: +254 20 3503149; 
Mobile: +254 722 674277, Fax: +254 20 3503149

Name and address of principal scientist: Augustine Musoni, National Bean 
Programme Coordinator, ISAR, Nyagatare, Rwanda; Email: afmusoni2@yahoo.com ; 
Telephone: +250 0788747932; Mobile: +250 0788747932

Name and address of the organisation: Institut des Sciences Agronomiques du 
Burundi (ISABU), PO Box 795, Bujumbura, Burundi; Telephone: +(257) 22222567; Fax: 
+257 22225798

Name and address of principal scientist: Capitoline Ruraduma, National Bean 
Programme Coordinator, Institut des Sciences Agronomiques du Burundi (ISABU), 
PO Box 795, Bujumbura, Burundi; Telephone: +257 22222567, Fax: +257 22225798, 
Mobile: +257 7751728; Email: ntirabampa2000@yahoo.fr, apruraduma@yahoo.fr 
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1.9 
New medium altitude climbing bean 
varieties

Introduction
Although climbing beans are a relatively recent introduction in most of the countries 
in East and Central Africa (ECA), the beans have gained popularity in the last decade 
among smallholder farmers, because of the conspicuous yield advantage these have 
over bush types, plus more effective and efficient utilisation of cultivated plots (which 
are decreasing rapidly in size due to fast population growth). Climbing beans, which 
were introduced in Rwanda in the mid-1980s spread rapidly to Burundi, DR Congo, 
Uganda, Kenya, Tanzania and Ethiopia. However, continued expansion and adoption 
of climbing bean technology is constrained by susceptibility of available cultivars to 
anthracnose, angular leafspot, root rots complex, aschochyta, common bacterial blight, 
haloblight, low soil fertility (low soil N and P), drought and lack of the preferred grain 
types.

Although common bean is the most important grain legume in ECA, yields in farmers’ 
field are low. Typical yield of bush bean is 300 to 500 kg/ha when intercropped, and 
400 to 700 kg/ha when grown in pure stands. Yields are lower in semi-arid and arid 
regions due to severe moisture and heat stress. Heat and drought tolerant climbing 
beans offer a new opportunity of increasing bean productivity in certain niches in 
semi-arid regions and other areas where droughts are frequent. Expanding cultivation 
of climbing beans from their traditional production high altitude zones with adequate 
rainfall, moderately fertile soils and high population pressure to the less densely 
populated and more expansive middle altitudes is constrained by poor adaptation 
of popular cultivars, moisture, heat and low soil fertility stresses. Spread of climbing 
beans to regions where traditional mixtures do not adequately meet new market 
demand for specific grain types has put pressure on national programmes to develop 
cultivars that respond better to these demands.

Description of the technology or innovation
The East and Central Africa Bean Research Network (ECABREN) in partnership with 
national bean programmes, the International Center for Tropical Agriculture (CIAT) 



and the Pan African Bean Research Alliance (PABRA) have been developing climbing 
beans adapted to medium altitude zones since 2000. Four new climbing bean varieties 
adapted to medium and low altitudes were released in Rwanda (MAC 9, MAC 34 and 
MAC 49) and Kenya (Kenya Safi), where the high altitude climbers perform poorly. The 
varieties have high yield potential (2.5 to 3 t/ha) and marketable grain types and have a 
3:1 yield advantage compared to bush bean varieties. They are resistant or moderately 
resistant to root rots, aschochyta, anthracnose and tolerant to angular leaf spot and 
bean common mosaic virus. They are early maturing (84 days in Rwanda) and are 
tolerant to drought. They have highly marketable grain types and cook fast.

The bean varieties have been thoroughly tested in on-farm and on-station trials and 
were highly appreciated and endorsed by farmers during the participatory selection. 
Farmers in drought prone areas liked these varieties due to their marketable grain 
types, drought tolerance, fast cooking and large seed sizes. They have been promoted 
drought prone areas in eastern Rwanda, eastern, western and central Kenya. They 
have potential for production in northern Tanzania, southern and Rift Valley regions 
of Ethiopia, and northern Sudan. Demand for seed of these varieties is very high. The 
varieties are particularly suited to areas above 1000 metres above sea level. These are 
AFBE 5, AFBE 6, AFBE 9 and AFBE 10 (Wortmann et al. 1998). 

Scaling-up approaches
The users of these technologies include: millions of smallholder farmers in drought 
prone environments, rural and urban bean producers, traders, a wide range of rural 
and urban consumers the poor, the malnourished, women/men), those with land 
shortages, bean users generally, and commercial farmers.

The dissemination approaches used to each the users of the technology include:

• Wider impact strategy developed by PABRA/CIAT (CIAT 2005; Rubyogo et al. 
2010).

• Mainly through partnerships with a broad range of partners including NARS, 
extension officers, NGOs, community-based organisations, farmers and farmer 
groups.

• Use of wide variety of media, including field days, demo plots, video, promotional 
materials including brochures, and leaflets in multiple languages.

The critical and essential factors needed for successful promotion and wider adoption 
of the technology are:

• Adequate availability of seed

• Adequate availability of promotion materials to create awareness

• Farmer and other end-user involvement during the development and testing of the 
product

• Small packs which are affordable and enhances reach

• Demonstrations in various venues

• Timely availability of planting materials in multiple locations and other inputs
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• Availability of additional inputs such as inoculants, manure is beneficial to 
realisation of benefits

• Marketability of the product

Current situation and future scaling up
The challenges encountered and in respect to further disseminate the technology or 
innovation, adoption and scaling up / out: limited amount of seed, limited distribution 
channels; limited personnel and resources for production of basic and certified seed, 
operational expenses; and limited staking options.

The following are recommendations for addressing the challenges:

• Support production of adequate quantities of seed

• Link with partners with special capacities for dissemination

• Seek various options for support from development partners for seed money

• Test staking options developed by ECABREN partners especially ISAR (Rwanda), 
KARI-Embu (Kenya) and SARI (Tanzania)

• Support commercialisation of new varieties of seed for sustainability

• Conduct promotional activities with partners

• Train farmers on seed production and storage

• Linkages with partners with adequate capacity to produce certified seed including 
processing, dressing and labelling

Among the lessons learned about the best ways to get these technologies to be used 
by the largest number of people include: Involvement of end-users during product 
development and testing and taking their preferences into consideration, availability 
of descriptions of technologies, promotion of staking options key to adoption of 
climbing bean technology, promotion which is critical through a variety of channels, 
partnerships, to ensure wide reach of the technologies.

Gender considerations
Women are the primary actors in the selection, production, harvesting, processing and 
consumption of bean products. Participatory approaches revealed they have specific 
preferences: earliness, upright growth habit, cooking characteristics, taste, after cooking 
shelf life, cooking time (save on fuel costs), flatulence, compatibility with other crops 
(intercropping), high yield potential, drought resistance, and resistance to pests and 
diseases, for example.

Application guidelines for users 
Refer to technical handbook chapter on beans (Kenya) for recommended management 
practices which was updated in 2010. Copies can be obtained from the Agricultural 
Information Centre (AIC), National Agricultural Laboratories, Nairobi, Kenya.
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Contact details for further information
Contact person: Prof Agnes Mwang’ombe, Principal, College of Agriculture and 
Veterinary Sciences, University of Nairobi, PO Box 29053-00625, Nairobi, Kenya; Email: 
principal-cavs@uonbi.ac.ke or deanagric@uonbi.ac.ke; Prof Agnes Mwang’ombe 
mwangombe@kenyaweb.com; Telephone: +254 020 2055126; Mobile: +254 722921075

Name and address of presenter: Paul Kimani, CIAT/Dept of Plant Science and 
Crop Protection, University of Nairobi; PO Box 29053-00625, Nairobi, Kenya; Email: 
kimanipm@nbnet.co.ke; Telephone: +254 20 2048561; Mobile: +254 724511585; 
Country: Kenya

Names and contact of principal scientist: David Karanja/David Macharia, Kenya 
Agricultural Research Institute (KARI) Katumani, PO Box 340-90100, Machakos, 
Kenya; Email: ksukatu@wananchi.com, karanjadr@yahoo.com; Telephone: +254 20 
3503149; Mobile: +254 722 674277; Fax: +254 20 3503149

Name and address of other scientist in Kenya (for Katumani varieties): Dr CW 
Kariuki, KARI-Katumani, PO Box 340 Machakos, Kenya; Email: cwkariuki@jambo.
co.ke 

Name and address of the organisation: Rwanda Agricultural Board (RAB) Rwanda, 
PO Box Kigali, Rwanda

Name and address of principal scientist: Augustine Musoni, National Bean 
Programme Coordinator, ISAR, Nyagatare, Rwanda; Email: afmusoni2@yahoo.com; 
Telephone: +250 0788747932; Mobile: +250 0788747932

Name and address of the organisation: Institut des Sciences Agronomiques du 
Burundi (ISABU), PO Box 795, Bujumbura, Burundi; Telephone: +257 22222567; Fax: 
+257 22225798

Name and address of principal scientist: Capitoline Ruraduma, National Bean 
Programme Coordinator, Institut des Sciences Agronomiques du Burundi (ISABU), PO 
Box 795, Bujumbura, Burundi; Telephone: +257 22222567, Fax: 257 22225798; Mobile: 
+257 7751728; Email: ntirabampa2000@yahoo.fr, capruraduma@yahoo.fr
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1.10

Drought tolerant maize for the arid and 
semi-arid areas of Eastern Africa3 

Introduction
Climate change will have significant impacts on agriculture, particularly in East Africa 
where there is such variation in topography and climate; and make the challenges 
of ensuring food security and reducing poverty even harder. Maize crop yields will 
decrease but to an extent that can be handled by breeding and agronomy. However, 
the maize crop may benefit from climate change in some areas. In nearly 75% of the 
countries in Africa, the yield of maize will decrease as a result of temperature increases 
and rainfall differences becoming less conducive to maize production (Jones and 
Thornton 2003) Modelling predictions suggest that crop yield reductions might be as 
high as 50% to 70% in some areas of East Africa (Thornton et al. 2008). For maize, 
yields are projected to be reduced for large areas in northern Uganda and southern 
Sudan, and for the more semi-arid areas of Kenya and Tanzania (Thornton et al. 2008). 
At high altitudes, maize yields may increase as temperatures increase, but at most 
lower elevations yield changes also depend on water availability, and many places 
will see increasing water stress in the maize growing areas. These effects of climate 
change will happen if farmers continue to plant the same varieties in the same way in 
the same areas. Through plant breeding, it is possible to develop new varieties that can 
compensate for the projected yield reduction. Such maize varieties should be drought 
tolerant.

Development of drought tolerant maize
Most of the total world maize area of 150 million ha is grown under rainfed conditions. 
Maize is more susceptible to drought than all other cereals except rice. Heisey and 
Edmeades (1999) estimated that 20% to 25% of the global maize area is affected by 
drought in any given year. In eastern and southern Africa, where maize is the most 
important staple food for over 300 million people, a close correlation between rainfall 
and maize yields can be observed (Heisey and Edmeades 1999; Figure 1.11). 

3Paper presented at the ASARECA conference on Climate change adaptation strategies, capacity building 
and agricultural innovations to improve livelihoods in Eastern and Central Africa: Post-Copenhagen 
(UNFCCC/COP 15), 7–9 June 2010, Addis Ababa, Ethiopia.



Source: Banziger and Diallo (2004).
Figure 1.11: Relationship between rainfall and average maize yields across 
Eastern and Southern Africa. 
Drought in this region can result in widespread maize crop failure, affecting the 
livelihood of millions of people. Between 2003 and 2005 alone, the World Food 
Programme spent US$1.5 billion to meet food deficiencies due to drought and crop 
failure in Africa (WFP 2006). No exact figures on yield and economic losses in maize 
due to drought are available but earlier estimates put the annual yield losses due 
to drought at 24 million tons in the developing world (Edmeades et al. 1992). The 
unpredictability of drought, geographically and across seasons, has emphasised the 
importance of drought tolerance as a breeding objective. 

In the 1970s CIMMYT started to improve maize for individual abiotic stresses such 
as drought, low N, and low pH, and introduced the concept of managed stress 
environments. The objective of managed stress environments is not to simulate a 
farmer’s field but to simulate a stress that is highly relevant in farmers’ fields. In 1996 
and 1998 CIMMYT and NARS collaborators introduced the new breeding approach 
to southern and eastern Africa, through the Southern Africa Drought and Low Soil 
Fertility Project (SADLF) and the Africa Maize Stress Project (AMS), respectively. 
Experiments were conducted in the dry season and stress managed through irrigation, 
as described in detail by Bänziger et al. (2000). In Eastern Africa CIMMYT has worked 
with NARS partners to establish managed drought screening sites in Ethiopia, Kenya, 
and Tanzania. Other screening sites were established in southern African countries. 
NARS breeders are able to screen their own maize germplasm for drought tolerance.

Achievements in breeding for drought tolerance
In Africa, several maize varieties with drought tolerance developed by CIMMYT 
have been released and are planted to several thousands of hectares in Eastern and 
Southern Africa. These varieties were released by NARS partners and seed companies. 
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In Eastern and Central Africa drought tolerant maize varieties have been released in 
four countries (Table 1.5). The varieties are suitable for both the dry and moist mid-
altitude ecologies, ranging from 900 to1800 metres above sea level. In trials comprising 
maize hybrids from the CIMMYT stress breeding approach and a similar number of 
hybrids developed using the traditional approaches (83 hybrids, 65 randomly-stressed 
locations across Eastern and Southern Africa, and 3 years of evaluation), results showed 
that, under production circumstances most similar to those of resource-poor farmers 
in Africa (at yield levels of 1–5 t/ha, the CIMMYT varieties yielded 20% more in the 
most difficult conditions and 10% to 15% more in slightly more favourable conditions 
(Bänziger et al. 2006). CIMMYT has continued to improve maize germplasm for drought 
tolerance and new hybrids and open pollinated varieties (OPVs) are being developed. 
Current breeding activities are funded through the Drought Tolerant Maize for Africa 
(DTMA) project funded by the Bill and Melinda Gates Foundation and Howard G. 
Buffett Foundation.

Table 1.5: Drought tolerant maize varieties developed by CIMMYT and released 
by partners in Eastern Africa
Variety Type Maturity Country 

of 
release

Partner Ecology Seed 
produc-
tion

Other 
suitable 
ecologies

KDV1 OPV Extra early Kenya KARI Dry mid-alt Freshco, 
Dryland 
Seed Co., 
KARI Seed 
Unit

Ethiopia, 
Eritrea, NE 
Uganda

KDV2 OPV Extra early Kenya KARI Dry mid-alt Ethiopia, Eritrea
KDV4 OPV Extra early Kenya KARI Dry mid-alt Freshco Ethiopia, 

Eritrea, NE 
Uganda

KDV6 OPV Extra early Kenya KARI Dry mid-alt Freshco Ethiopia, 
Eritrea, NE 
Uganda

KDV3 OPV Extra early Kenya KARI Dry mid-alt Ethiopia, Eritrea
KDV5 OPV Extra early Kenya KARI Dry mid-alt Ethiopia, Eritrea
KDH3 Hybrid Early/int Kenya KARI Moist & 

dry mid alt
Dryland 
Seed Co.

South Sudan, 
NE Uganda

KDH4 Hybrid Early/int Kenya KARI Moist & 
dry mid alt

South Sudan, 
NE Uganda

WS102 OPV Early Kenya Western 
Seed 
Company

Dry mid-alt Western 
Seed 
Company

WS103 OPV Early Kenya Western 
Seed 
Company

Dry mid-alt Western 
Seed 
Company

Melkassa 4 OPV Early Ethiopia EIAR Dry mid-alt ESE, OSE
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Table 1.5 continued.
Variety Type Maturity Country 

of 
release

Partner Ecology Seed 
produc-
tion

Other 
suitable 
ecologies

Melkassa 2 OPV Int/Late Ethiopia EIAR Moist & 
dry mid alt

ESE, OSE

ZM521 OPV Int/Late Kenya, 
Tanzania, 
Burundi & 
Southern 
Africa

WS, 
SARI, 
ISABU

Moist & 
dry mid alt

Rwanda

ZM621 OPV Int/late Burundi ISABU Moist & 
dry mid alt

Rwanda

A study on the potential impact of investments in drought tolerant maize in Africa over 
2007–2016 (La Rovere et al. 2010) at the most likely rates of adoption found that drought 
tolerant maize can generate US$0.53 billion from increased maize grain harvests and 
reduced risk over the study period, assuming conservative yield improvements. 
Assuming more optimistic yield gains, the economic benefit is nearly US$0.88 billion 
in project countries (which includes Ethiopia, Kenya, Tanzania and Uganda). More 
than 4 million people could escape poverty and many more improve their livelihoods 
if all current improved varieties were replaced with drought tolerant ones. 

Scaling-up approaches 
One of the important approaches in the release of these varieties was the use of the 
‘Mother-Baby’ Trial Scheme (Snapp 1999) to evaluate the performance and acceptance 
of new maize varieties under farmers’ conditions. A mother-baby trial scheme involves 
sets of experiments grown by researchers, NGO and extension staff and farmers under 
both research- and farmer- managed conditions (Banziger and de Meyer 2002). The 
mother–baby approach involves both farmers and other stakeholders responsible 
for technology transfer. Collaboration with farmers was essential for assessing the 
performance and acceptance of the varieties under farmers’ real conditions. Other 
methods used included on-farm trials, demonstrations, and field days. Drought 
tolerant maize can be used by farmers in the dry mid-altitude ecologies of Eastern 
Africa.

Critical and essential factors for successful promotion 
and adoption of the technology
Functional and effective variety release procedure is important to ensure that new 
varieties are released as these become available, and that farmers get quality certified 
seed. Ensuring quality certified seed requires that each country have a well-facilitated 
and adequately staffed regulatory agency. Seed companies with capacity to produce 
are essential. Such companies should have land, irrigation, and a network of contract 
growers. The companies should also have the resources to invest in promotion activities 
so that farmers become aware of the new varieties. CIMMYT through various projects 
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has supported some small seed companies to carry out promotion activities of drought 
tolerant maize varieties. Availability of sufficient quantities of breeder seed to seed 
companies when varieties are released is an issue that should be addressed. CIMMYT 
through the DTMA and AMS projects has supported breeder seed production activities 
by NARS and small seed companies. Other factors to consider are participation of all 
stakeholders in the promotion of DT varieties, and availability of market for grain.

Current situation and future scaling up
Kenya 
Kenya Agricultural Research Institute (KARI) released six drought tolerant (DT) 
open-pollinated varieties (OPV) and two drought tolerant hybrids (Table 1.6), and 
has licensed five seed companies to market some of these varieties. These companies 
include East African Seed Company (KDV-1 and KDV-4), OilCrops Development 
Company (KDV-1, KDV-3 and KDV-4), Leldet Seed Company (KDV-1 and KDV-
4), Dryland Seed Company (KDV-1, KDV-2, KDV-4, and KDH2) and Freshco Seed 
Company (KDV-1, KDV-4, and KDV-6). Freshco Seed Company is producing seed of 
the three DT OPVs with support from CIMMYT and KARI. CIMMYT and KARI are 
also supporting Dryland Seed Company to produce seed of a DT hybrid and two DT 
OPVs. Both Freshco and Dryland Seed Company will market seed in some of the drier 
parts of eastern Kenya. Freshco is carrying out demonstrations and providing starter 
packs to farmers in eastern Kenya in conjunction with World Vision and USAID. KARI 
seed unit has an extensive system of distribution through the Ministry of Agriculture 
and NGO networks. The areas of interest are usually marginalised areas with 
inadequate rainfall. Western Seed Company released two DT OPVs and is producing 
and marketing the seed mainly in parts of eastern and western Kenya.

Table 1.6: Seed production of drought tolerant varieties in Kenya, 2010
Company Variety Breeder Seed upplied 

in 2009 (kg)
Basic/Certified Seed 

Expected, 
SR 2010 (tons)1

Frescho KDV-1 500 100
KDV-6 60 3

Dryland Seed Co KDV-1 10 0.1
KARI Seed Unit KDV-1 100 10

1Estimated quantity of certified seed to be produced is based on area planted. Source: 
KARI Maize Programme, Freshco, and Dryland Seed Company.

With the support of CIMMYT and KARI, KDV series varieties were tested on-farm to 
demonstrate their adaptation to reduced moisture conditions in the target environments 
of eastern Kenya. The KDV series in Kenya has featured prominently in demonstrations 
at agricultural shows in target environments. In 2009, a demonstration plot was planted 
at the Machakos Agricultural Society of Kenya show and three demonstrations were 
planted in the Katumani mandate areas of eastern Kenya. In 2010, the KDV series 
varieties have been planted at Katumani Research Centre Demonstration Farm and at 
Kiboko Research Centre. 
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Ethiopia
The Ethiopian Institute of Agricultural Research (EIAR) released two drought tolerant 
OPVs (Melkassa 2 and Melkassa 4). Large-scale seed production is carried out by 
Ethiopian Seed Enterprise (ESE). A new seed company, Oromia Seed Enterprise (OSE), 
has also started marketing seeds of the DT varieties. Breeder seed production is carried 
out by the Melkassa Research Centre maize breeding team to supply both ESE and 
OSE. In the central Rift Valley region of Ethiopia, community-based seed production 
has been initiated by Melkassa Research Centre to produce seed of Melkassa 2. Farmers 
are organised into cooperative societies. Training in seed production is carried out by 
Melkassa Research Centre maize breeding team; the team provides basic seed to the 
farmers. Farmers provide land and other inputs such as fertiliser. An agreement was 
signed between OSE and the cooperatives to purchase seed.

Melkassa Research Centre, CIMMYT, Ethiopian Seed Enterprise, and World Vision are 
partners in scaling-up DT varieties. Demonstrations and field days have been carried 
out by the MRC extension team at various locations in areas of the Central Rift Valley. 
Dissemination activities are carried out as a partnership between farmers, agricultural 
development workers, OSE, NGOs and research extension workers. 

Challenges to dissemination, adoption and scaling up
• Lack of developed seed companies ready to produce seed in some countries

• Lack of irrigation facilities for foundation and certified seed production leading to 
lack of quality certified seed on the market

• Problem with foundation seed production and maintenance of parental material 
due to lack of expertise in seed production and breeders at seed companies

• Lack of seed stockists/distributors in rural areas where many of the resource poor 
farmers are based due to poor infrastructure

• Limited awareness about drought tolerant maize varieties in most drought prone 
areas.

Recommendations to address challenges
1. Investment in irrigation facilities for small seed companies
 Most of the small seed companies use contract growers who rely on rainfall for seed 

production. This limits seed production in times of unfavourable rainfall patterns. 
Irrigation facilities will enable small seed companies to produce foundation and 
certified seed even in seasons of limited rainfall. 

2. Investment in regional foundation seed unit
 Foundation seed production is one of the major bottlenecks in seed production. A 

regional foundation seed unit would help by producing foundation seed for seed 
companies who do not have the capacity to produce enough foundation seed. The 
seed companies will have to pay for the services.

3. Increase awareness about the availability of the DT maize varieties in drought 
prone areas through demonstrations, field days, and radio programmes.
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4. Train and hire breeders
 Trained plant breeders are needed by the small seed companies to help them 

with maintenance of parental material. Often small seed companies do not have 
breeders and always go back to the NARS breeders for breeder seed as they cannot 
maintain the parents of the hybrids. 

Contact details for further information

Name and address of the organisation: International Maize and Wheat Improvement 
Centre (CIMMYT), PO Box 1041-00621, Nairobi, Kenya

Name and address of presenter: Dan Makumbi, Maize Breeder, International Maize 
and Wheat Improvement Center (CIMMYT), PO Box 1041-00621, Nairobi, Kenya

Name and address of key scientists: W Mwangi, International Maize and Wheat 
Improvement Center (CIMMYT), PO Box 1041-00621, Nairobi, Kenya
 
Name and address of key partners: J Gethi, Kenya Agricultural Research Institute, 
Katumani Dryland Research Centre, PO Box 340, Machakos, Kenya

G Bogale, Ethiopian Institute of Agricultural Institute, Melkassa Agricultural Research 
Center, PO Box 436, Nazret, Ethiopia
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1.11

Bio-diesel production from Jatropha 
(Jatropha carcus)

Technology description 

• Jatropha is a major alternative source of energy. Bio-diesel can be extracted from 
Jatropha and used as alternative fuel for household and motor industry. Jatropha 
seed yields 31% to 37% oil.

• A formidable driving force to use biofuel comes from the notion that dependency 
on fossils oil contributes to global warming, emission of greenhouse gasses and 
associated human health hazards. 

• The use of fossil fuel pollutes the environment with carbon dioxide (CO2) which 
in turn causes global warming. Fossil fuel is expensive and most rural poor and 
urban dwellers struggle to afford fuel energy.

• Jatropha curcas grows almost anywhere from very dry to humid areas. It can thrive 
in gravelly, sandy, saline and even on the poorest stony soil. Jatropha is easy to 
establish, grows relatively quickly and is hardy. Being drought tolerant, it can be 
used to reclaim eroded areas, be grown as a boundary fence or live hedge in the 
arid and semi-arid areas.

• Private companies have collaborated with farmers in coastal Kenya to grow over 
60,000 Jatropha plants for for bio-diesel. Other small-scale farmers within Kenya 
and Uganda are growing local Jatropha varieties and extracting bio-diesel for home 
use.

• This technology can be up-scaled in all the countries in ECA.

Scaling-up approaches
Farmers: The farmers in ASAL will commercialise Jatropha as a cash crop for bio-diesel 
production to generate employment and create jobs where poverty and unemployment 
are high.



Private companies: Companies in the agri-processing industries will stimulate new 
ways to operate markets in the energy sector in order to fuel the future.

Government: Governments will reduce dependence on imported petroleum and save 
on foreign exchange used to import fuel. Who are the users of the technology / or 
innovation? 

Value addition in Jatropha is critical to make the production economically viable. 
Farmers must be supplied with planting material of superior quality and produce high 
oil content. Marketing is crucial because many farmers lack information on marketing 
strategies.

Current situation and future scaling up
• Current energy policies do not offer favourable incentives to promote bio-fuel 

production. 

• Private sector should be willing to invest in bio-fuel production and develop 
commercial refineries to bring down the cost of production.

Recommendations to address these challenges include:

• Mass propagation of Jatropha planting materials for farmers. This will ensure 
farmers have access to improved varieties.

•  Social economic analysis on Jatropha production. This will enable farmers grow 
Jatropha as a commercial crop to generate extra income.

• Formation of joint business venture between public and private sector in bio-fuel 
sector. These will address critical stages of the product value chain.

• Marketing of Jatropha seeds. Marketing will stimulate idle land to be utilised for 
Jatropha production.

• Training of farmers on agronomic practices in order to improve on Jatropha 
productivity. 

• Consumers and producers must be educated on marketing, energy policy 
regulations and on sustainable production in order to recognise that Jatropha offers 
a renewable energy without greenhouse gas emissions, without health hazards 
and can reduce dependency on foreign oil.

• Joint business venture between public and private sector in bio-fuel production 
should be formed and supported by government policies.

• Farmers, processors and marketers should be trained on production of Jatropha 
as an excellent alternative major source of bio-diesel renewable energy in the drier 
rural areas of Africa.

• Government must be committed to supporting public and private partnerships in 
the bio-fuel energy sector.
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Gender considerations
• Farmers in organised groups with vast land areas adopt the technology faster than 

those who are not in any organisation. 

• Farmers should also be engaged in other economic activities to supplement income 
from Jatropha production.

Guidelines for the users
Jatropha can be grown on a wide range of climatic conditions. Good quality farmlands 
must be spared for growing food crops.

•  The lands for Jatropha cultivation should be developed with suitable soil and 
water conservation measures to ensure that enough rainwater is stored in the soil 
and soil loss is minimised. 

•  Avoid growing Jatropha in areas that are prone to water-logging and with sodic 
soils with pH above 9. Under waterlogged conditions, these plants succumb to 
wilt disease. Well drained soils with slightly acidic to alkaline pH are suitable for 
cultivating Jatropha.

•  Selection of right seeds is very critical as there are no improved cultivars and the 
plants have long life (30+) years. Seeds with over 35% oil content are well-developed 
and bold (>60 g seed weight for 100 seeds), and newly harvested should be used 
for plantation establishment. Estimation of oil content arid germination test is very 
essential. Storing seeds for longer period decreases seed viability, and well-tested 
seeds with germination rate of over 75% should be used for seedling production.

•  Seedlings should be grown in a nursery and should be planted in the main field 
when they are 40 cm to 50 cm tall. Direct seeding can also be done under field 
conditions, but germinating seeds could be damaged by birds and rats, resulting 
in poor crop establishment.

•  Seedlings in the nursery can be grown in polyethylene bags filled with well-mixed 
soil, sand, and farm manure in equal proportions. Diammonium phosphate (DAP) 
may be added at 1 g for every 2 kg of nursery medium. To minimise seed wastage, 
soak the seeds in water overnight. The soaked seeds can be sprouted on moist 
filter paper or in old clothes at room temperature. Keep the seeds moist during 
the sprouting process to ensure enough humidity. Sow the sprouted seeds in 
polyethylene bags. Seeds soaked in cow dung slurry for 12 hours show early and 
enhanced germination.

•  Inoculate seedlings with suitable arbuscular mycorrhizal culture to obtain healthy 
seedlings.

•  Seedlings can also be grown from cuttings, but these seedlings do not develop 
taproots and are prone to damage by strong wind. Seedlings grown from seeds 
have well-developed taproot and stand against strong winds.

•  When planting Jatropha, dig pits at 2 m × 2 m or 3 m × 2 m depending on the soil 
and rainfall situation. Row to row spacing of 3 m enables machinery operations for 
inter row cultivation. Pits of 30 cm × 30 cm × 45 cm can be excavated; fill each pit 
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with 1 to 2 kg of farm manure and 50 g of DAP for better plant stand. Then apply 5 
g to 10 g of methyl parathion (2%) dust or 5 g of phorate, lOG while filling the pit 
to prevent termite damage to seedlings.

•  Nursery-grown seedlings can be transplanted in the pits at the onset of the rainy 
season when the soil is wet.

•  Once established, Jatropha plants generally survive well unless affected by disease 
such as wilt or infested with stem borer. The plants drop all their leaves during the 
dry season, leaving the main stem naked.

•  The onset of rains or availability of soil moisture through irrigation initiates 
sprouting of new flushes of leaves and flowering buds.

•  During the first year, when the plants shed their leaves, prune plants at 0.5 m to 
0.6 m height from the ground to promote profuse branching and in turn more 
flowering buds. Annual pruning of the branches after leaf shedding needs to be 
done for better flowering and fruiting.

•  Every year once the rainy season sets in, fertilise each plant with 100 g urea and 38 
g single superphosphate.

•  The leaf miner, Scutellera nobilis, is a serious pest in Jatropha plantations during 
flowering and fruit development stages. The leaf miner seems to be severe during 
the onset of the rainy season and during the active growth stage of the plants.

•  During first year of plant growth, supplemental irrigation during the dry summer 
season increases the survival rate and improves plant growth.

•  In between Jatropha rows, grasses or short duration hardy legumes can be grown 
to improve soil fertility and to be a source of fodder for livestock.

•  Jatropha generally starts yielding during the third year in the semi-arid tropics, 
but with better moisture, fruiting could start early. Likewise, increased yields can 
be obtained through supplemental irrigation.

Contact details for further information
Name and address of the organisation: Kenya Agricultural Research Institute (KARI), 
PO Box 57811; Email: director@kari.org; Telephone: +254-20-4183301-20 Fax: +254-20-
4183344 Mobile: +254-722 206 988, 722 206 986, 733 333 223, 733 333 224; Country: 
Kenya

Name and address of presenter: Dr Joel Mutisya, PO Box 14733 00800, Nairobi; Email: 
jmjoel2002@yahoo.com; Telephone: +254 20 4444137; Fax: +254 20 4444137; Mobile: 
245 721 704605; Country: Kenya

Name and address of key scientists: Dr Joel Mutisya and Mrs Bosibori Bett, PO Box 
14733-00800, Nairobi; Email: jmjoel2002@yahoo.com; Telephone: +254 20 4444137; Fax: 
+254 20 4444137; Mobile: +254 714443325; Country: Kenya

Name and address of key partners: Africa Harvest Biotechnology Foundation 
International, PO Box 642-00621, Nairobi, Kenya; Email: www.ahbfi.org; Telephone: 
+254 20 7121653; Fax: +254 20 7124078; Mobile: +254 724256977; Country: Kenya
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1.12
 

Early-maturing and drought tolerant 
barley lines for low moisture areas and 
adaptation to climate change

Description of the technology or innovation being 
proposed
• New barley varieties combining earliness and adaptation to low moisture conditions 

that reduce the effects of climate change. 

• Barley is widely grown in the highland of East Africa where it is both an important 
source of food and the most dependable crop in marginal environments. Although 
barley is considered a highland crop, it is also among the major cereal crops grown 
in the low rainfall areas of Ethiopia. In such areas, the availability and distribution 
of rainfall during crop growing seasons is the major yield-limiting factor. 
Farmers in drought-prone areas grow mainly landraces that are well adapted 
to their environments, but with a poor response to improved inputs. Hence, the 
development and adoption of early maturing and drought tolerant barley varieties 
have a potentially strong contribution in increasing national production and in 
narrowing the food deficit.

• The areas affected by drought events in Africa have increased dramatically; 
Ethiopia is no exception. Until the last century drought was mainly affected the 
northern and eastern regions of Ethiopia, but in recent years it has expanded to 
highly productive regions in the western and southern part of the country. The 
adaptive stress tolerance/resilience of barley is of strategic importance to face 
future climate change challenges. 

The new barley varieties were tested by EIAR researchers from 2001 to 2006 in low 
moisture areas and released in 2006. EIAR has been promoting the new varieties on 
farmers’ fields.



Scaling-up approaches used: 

The users of the technology are the farmers growing barley in dry areas, or under 
residual moisture, or in areas with and increased frequency of drought events.

The critical and essential factors for successful promotion and adoption of the 
technology/innovation were:

• Seed production and distribution. The availability of seed of the improved varieties 
is essential for their diffusion.

• Availability and access to input is essential for the expression of the yield potential 
in the improved varieties.

• Organising farmers’ research groups is essential to promoting and diffusing the 
new varieties.

• Linking farmers to markets is critical to provide them with better options for the 
utilisation of the crop harvest.

• Access/availability of credit is essential to promote the use of quality seed and 
inputs. 

Current situation and future scaling up
The key challenges encountered in disseminating the technology were:

• Unavailability of seed, which is essential for the diffusion of new varieties.

• Unavailability and lack of access to inputs, such as fertiliser, or the lack of credit 
for their purchase may reduce the potential gains from adopting the improved 
varieties.

• Lack of or inability of farmers to have access to output markets. 

The recommendations for addressing the challenges were: 

• Assuming that dissemination of the improved barley varieties is based on large-
scale verification and demonstration trials in the target areas, studies need to be 
conducted to identify constraints to adoption (e.g. seed availability, market access, 
input market functioning) and options to overcome these constraints. 

• Farmers’ perception and preference traits, as well as economic returns to adoption 
and its contribution to household income need to be quantified.

The key lessons learned about the best ways to get technologies or innovations used 
by the largest number of people include: 1) using demonstration plots; 2) participatory 
variety selection; and 3) farmer field schools.

Gender considerations
Women play a critical role in agriculture accounting for about 70% to 80% of household 
food production in sub-Saharan Africa. Yet, women usually have more limited 
access to resources and opportunities and their productivity remains low relative to 
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their potential. Attention will be paid to avoid gender-specific barriers to resources, 
opportunities, and benefits. Regional adaptation studies identified no differential bias 
on adoption of new varieties by women or men. 

Contacts for further information
Name and contact of the organisation: International Centre for Agricultural Research 
in the Dry Areas (ICARDA), PO Box 5466, Aleppo, Syria; Email: m.vanginkel@cgiar.
org; Tel: +963 21 221 3433; Fax: +963 21 221 3490

Name and contact of presenter: Geletu Bejiga, ICARDA, Addis Ababa; Email: g.bejiga@
cgiar.org; Tel: +251 11 646 3215

Name and contact of key scientist: Stefania Grando; ICARDA, PO Box 5466 Aleppo, 
Syria; Email: s.grando@cgiar.org; Tel: +963 21 221 3433; Fax: +963 21 221 3490
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1.13

Stem rust- (Ug99) and stripe rusts-
resistant, drought tolerant, high yielding, 
high quality bread and durum wheat lines

Description of the technology or innovation 

The variety Maamouri 3 was released in Ethiopia for dry and irrigated areas. Other 
durum varieties released, such as Malefia and Bakalcha and promising lines were 
identified in the National Yield trials (NPT). These varieties are stem rust resistant 
including to Ug99, leaf and yellow rust, and septoria; and show high yield stability in 
combination with good grain quality.

• These varieties are proposed for durum areas in the region of Debre Zeit and the 
irrigated areas in Ethiopia (Maamouri3) and for the semi-arid areas the cultivars 
Malefia and Bakalcha. 

• The proposed technology includes high-yielding, drought tolerant elite spring 
bread wheat (SBW) lines with combined stem rust (Ug99), stripe rust and septoria 
leaf blotch resistance that are bred for yield stability, responsiveness and input 
use efficiency under the erratic climatic conditions characteristic of semi-arid 
environments.

• The proposed elite SBW lines have already been selected by national programmes 
and included national variety verification trials based on disease pressure 
(specially rust in Ethiopia and Kenya (East Africa) and adaptation to drought and 
heat stresses in semi-arid areas. 

• The selected elite SBW lines are targeted to semi-arid areas in the Rift Valley in 
both Ethiopia and Kenya in addition to mid-altitude (1800–2000 metres above sea 
level) areas in central and Northern Ethiopia, Eritrea as well as to Mt Narok areas 
in Kenya.



Scaling-up approaches used
The users are the resource-poor farmers in East Africa.
The critical and essential factors for successful promotion and adoption of the 
technology/innovation were:

• Seed production and distribution because the availability of seed of the improved 
varieties is crucial for their diffusion.

• Availability and access to input (fertilisers, seed, herbicides and water) is essential 
for the expression of yield potential of the improved varieties. 

• Availability of effective extension system.

• Organisation of farmers’ research groups is essential, to promote and diffuse the 
new varieties.

• Linking farmers to markets is critical to provide farmers with better options for the 
utilisation of the crop harvest.

• Link the farmers to the processing industries in the country, particularly for durum 
pasta in Ethiopia.

• Access/availability of credit is essential to promote the use of quality seed and 
inputs.

Current situation and future scaling up
Challenges encountered in disseminating the technology were:

• Extension services to strengthen farmer advice service.

• Dissemination of information regarding improved varieties.

• Non-adoption of full package including varieties, agronomy and IPM.

The following are recommendations for addressing the challenges:

• Large scale out-scaling of improved varieties by making the seed available. 

• Strengthening the extension system to advice to farmers on proper production 
packages and raise awareness about the importance of improved varieties. 

• Adoption of full package including varieties, agronomy and IPM.

Lessons learned about the best ways to get technologies or innovations used by the 
largest number of people included:

• Effective partnership and linkage between research, extension and farmers.

• Formation of efficient extension system.

• Availability of favourable policies

Gender considerations
• It is important to involve women as end users when testing new varieties on quality 

attributes, especially to ensure that they meet Ethiopian consumer preferences.
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Contact details for further information
Name and contact of the organisation: International Centre for Agricultural Research 
in the Dry Areas (ICARDA), PO Box 5466, Aleppo, Syria; Email: m.vanginkel@cgiar.
org Tel: +963 21 221 3433; Fax: +963 21 221 3490

Name and contact of presenter: Geletu Bejiga, ICARDA, Addis Ababa, Ethiopia; 
Email: g.bejiga@cgiar.org; Tel: +251 11 646 3215

Name and contact of key scientists: M Nachit and O Abdalla, PO Box 5466, Aleppo; 
Email: m.nachit@cgiar.org; o.abdalla@cgiar.org; 

Name and contact of key partners: 1. Ethiopian Institute for Agricultural Research 
(EIAR); 2. Kenya Agricultural Research Institute (KARI), Email: c/o Adefris Chere: 
adechere@yahoo.co.uk 
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1.14
High-yielding, farmer and market  
preferred, drought, cold tolerant and 
disease resistant chickpea, lentil and 
faba beans varieties adapted to variable 
climates

Description of the technology or innovation
• Chickpea, lentil and faba bean varieties with high yield and tolerance to drought, 

water-logging, cold and diseases, to reduce detrimental effects of climate variability 
and change. 

• Cool-season food legumes (faba bean, chickpea, lentil, and grass pea) are the 
major highland crops grown in Ethiopia. These are the major sources of food and 
nutrition security, and provide animal feed, and sustain cereal production through 
improving soil fertility and reduction of diseases and weeds. The productivity 
of these crops is very low due to: low yielding varieties, problematic soil (water-
logging), poor agronomic practices, diseases, and parasitic weeds. In order to 
increase the productivity and production of these legumes through breeding and 
improved management practices, ICARDA has played a central role mainly in 
providing germplasm accessions, segregating populations and elite lines through 
its international nursery platforms. The materials were used for direct varietal 
release by the Ethiopian Institute of Agricultural Research (EIAR). Under climate 
change, the adoption of varieties released from ICARDA international public good 
(IPG) along with management packages could ease the variable effects of climate. 

• The chickpea, lentil and faba bean varieties have been tested by EIAR researchers 
for yield, and various biotic and abiotic stresses and released to farmers for general 
cultivation where terminal drought, cold and waterlogging are critical problems.

• EIAR has promoted three kabuli chickpea varieties namely: Teji, Habru, Ejere; nine 
lentil varieties including, Chalew, Ada’a, Alemaya, Assano, Teshale and Alem Tena; 



and four faba bean varieties: Degaga, Moti, Gebelcho, Obsie, Walki. These varieties 
have been utilised by farmers in different agro-ecological regions of Ethiopia. The 
chickpea winter planting innovation developed by ICARDA was adopted by EIAR 
and has resulted in two- or threefold and biomass increase in chickpea and lentil 
cultivars.

• Some of the Kabuli chickpea and lentil cultivars have good levels of flexibility to be 
produced in different agro-ecologies.

• The improved varieties can be extended to other countries in the region, such as 
the highlands of Eritrea, Kenya, and the great lake region (Uganda, Tanzania, etc.). 

Scaling-up approaches used
The users are the resource-poor farmers growing faba bean, chickpea and lentil on 
marginal land or under residual moisture, or in areas with increased frequency of 
drought events and extreme temperatures.
The critical and essential factors for successful promotion and adoption of the 
technology/innovation include:

• The existence of effective research–extension–farmer linkage systems.

• Seed production and distribution, as the availability of seed of the improved 
varieties is crucial for their diffusion. 

• Availability and access to input (e.g. fertilisers, seed, pesticides and water) is 
essential for the expression of yield potentials of the improved varieties.

• Organising farmers’ research groups is essential to promoting and diffusing the 
new varieties. Farmers were organised as farmers’ research groups and able to 
multiply seeds and distributed to their production areas in Ethiopia.

• Linking farmers to markets is critical to giving them better options for the utilisation 
of the crop harvest.

• Access/availability of credit is essential, to promote the use of quality seed and 
inputs.

• Policy promotion of pro-legumes policy to encourage their incorporation into the 
cereal-based production system to enhance sustainability. 

• Identifying new markets for new products, such as Kabuli chickpea and green 
lentil, which are not part of current diet in Ethiopia.

Current situation and future scaling up
The main challenges encountered in respect to further dissemination of the technology/
innovation, adoption and scaling up / out were:

• Unavailability of quality seed and other production inputs large scale.

• Non-adoption of full package including varieties, agronomy and IPM necessary 
for maximum gain from adoption of the new varieties. 

• Lack of access to output markets.
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• Unavailability of credit for farmers to purchase inputs.

• Lack of extension services to strengthen farmer advice service.

• Dissemination of information regarding improved varieties.

• Realistic prices for kabuli chickpea and large seeded green lentil.

• Policy failures to promote food legumes as part of the cereal-based production 
system, for sustainability.

The following are recommendations for addressing the above challenges: 

• Establish effective research–extension–farmer and market linkages.

• Large-scale out-scaling of improved varieties by making the seed available through 
informal and formal seed productions.

• Providing advice to farmers to make them aware of improved varieties. 

• Media campaigns to promote human and soil health benefits of legumes in the 
system. 

• Adoption of the full package, including varieties, agronomy and IPM.

• Create local / regional markets for new crop varieties that will encourage farmers 
to produce more pulses.

• Food science and technology should be embraced to train women to prepare 
diverse and nutritious dishes with food legumes.

• Rigorous studies to verify acceptability of the new incomes varieties and potential 
impact of adoption in terms of higher productivity and the role of food legumes as 
a critical part of the cereal-based systems, identify constraints to adoption and to 
identify options for overcoming these constraints..

In this research the following lessons were learned about the best ways to get 
technologies or innovations used by the largest number of people:

• Involving stakeholders and policy makers in the technology scaling up/out process.

• Progressive farmers and NGOs involvement in seed production.

• Technologies should increase farmers’ income.

• Farmer research groups and farmers unions can play vital roles in technology 
transfer.

• Policy support to encourage production of food legumes.

• Farmers become contractual seed growers to federal and regional seed enterprises 
and unions that are involved in seed trade.

• This can be carried out simultaneously during the dissemination stage.

Gender considerations
The technologies are gender neutral. All men and women headed households have 
benefited from the technologies in Ethiopia. Some of the widely grown lentil varieties, 
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like Alemaya, are rich in micro-nutrients (iron and zinc) and hence children and 
nursing mothers can benefit from the technologies.

Additional information
The technologies (varieties and associated management practices) can be fast-tracked 
in the highlands of East African countries where cool-season food legumes are 
traditionally grown using a mother-baby trail. Also the Kabuli chickpeas can be tested 
in non-traditional areas since these have good levels of resistance to ascochyta blight. 
Also regional harmonisation of variety testing and registration can be a great asset to 
move seeds if some of the genotypes have wide adaptations.

Contact details for further information
Name and contact of the organisation: International Centre for Agricultural Research 
in the Dry Areas (ICARDA), PO Box 5466, Aleppo, Syria, Email: m.vanginkel@cgiar.
org; Tel: +963 21 221 3433; Fax: +963 21 221 3490

Name and contact of presenter: Geletu Bejiga, ICARDA, Addis Ababa, Ethiopia; 
Email: g.bejiga@cgiar.org; Tel:+251 11 646 3215

Name and contact of key scientist: Md. Imtiaz ICARDA, PO Box 5466, Aleppo, Syria; 
Email: m.imtiaz@cgiar.org; Tel: +963 21 221 3433; Fax: +963 21 221 3490

Name and contact of key partner: Dr Asnake Fikre, PO Box 32, Debre Zeit, Ethiopia
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1.15

Development and promotion of cashew 
through improved germplasm, agronomic 
practices and value addition

Description of the technology or innovation
Cashew (Anacadium occidentale) is a large tree crop that belongs in the same family as 
mangoes. It grows best in sandy soils, in areas of as low as 500 mm of rainfall. 

It has significant potential for providing farmers with steady incomes and food security, 
alleviating poverty while conserving the natural resource base. Growing cashew trees 
thus presents a strategic alternative to smallholder farmers and reduces the risk of 
overdependence on subsistence farming which is heavily dependent on growing of 
traditional crops. An increase in income from cashew stands to contribute to improved 
livelihoods and higher standard of living for cashew growing households.

In Uganda cashew has been adapted and planted by small-scale farmers in the eastern 
and northern regions in the following districts: Iganga, Mayuge, Tororo, Kamuli, 
Pallisa, Budaka, Namutumba, Bugiri, Busia, Mbale, Kumi, Bukedea, Soroti, Lira, 
Amuria, Abim, Oyam, Nakapiripirit, Dokolo, Amolatar, Kaberamaido, Apac, Gulu, 
Kitgum, Nebbi, Moyo,Amuru, Arua, Moroto and Kotido. 

In Uganda, agro-climatic conditions suitable to cashew nut growing are found in 
northern and eastern districts where well drained, deep, sandy and sandy-loamy soils 
predominate, with annual rainfall ranging from 500 mm to 1250 mm and a dry season 
lasting 3 to 5 months. The most common soils where cashew nut is grown are ferrallitic 
soils (Ferralsols), with a yellowish dominant colour, lying on sandy sediments. A 
smaller areas is occupied by ferruginous tropical soils, on crystalline acid rocks, freely 
drained. Other soils, such as Vertisols, are not suitable for cashew growing. 

Cashew trees are mostly grown at the homestead boundaries, scattered around the 
homestead, or in hedgerows at close distances. Generally, in Uganda, there are two 



harvesting seasons: the main one (November to December) and the other one (mid July 
to August). This is, however, related to the rainfall, and consequently the flowering and 
fruiting patterns. Harvest periods may vary from year to year, and from place to place.
In 2004 seven countries, Ethiopia, Kenya, Malawi, Madagascar, Mozambique, Tanzania 
and Uganda, formed the Cashew Development Network for Eastern and Southern 
Africa (RECINESA). This network has a strong focus on poverty alleviation through 
development of the cashew sub-sector. 

The aim of the network is to address major cashew production constraints in the 
region through a number of interventions. These include the evaluation of a range of 
germplasm, releasing a small number of selected clones to be multiplied and sold to 
farmers, and preparation of training and extension materials. 

Scaling-up approaches
Cashew in Uganda is predominantly grown by small-scale subsistence farmers who 
largely dependent on family labour, and who use of simple hand tools such as hoes, 
machetes and ox-ploughs. 

In line with this, the RECINESA project has been designed with emphasis on formation 
of farmer groups so as to increase access to information, knowledge and technology. 
Greater participation of affected farmers has been an explicit and vital feature of the 
project’s approach to defining and implementing its activities.

Farmer groups have been seen as platforms for farmers to gather, share and disseminate 
information for the betterment of their lives and farms. Fortunately, in Uganda the 
NAADS programme, which is a decentralised, farmer owned and private sector service 
extension system has provided a suitable network and hence a medium for accessing 
and mobilising farmers. This is cost effective, ensures sustainability, and increases 
ownership. 

Higher participation of farmer groups can also increase their access to information, 
knowledge and technology.
 
There is need to improve and promote efficient harvesting, processing and packaging 
of cashew nuts through technological innovations and capacity building.

Current situation and future scaling up
The current challenges to cashew development in Uganda are: low production and low 
productivity mainly due to the issue of unselected seed, inadequate tree establishment 
and management, absence of disease and pest control, and improper crop husbandry. 
In addition, disseminating cashew technologies in Uganda is constrained by lack of 
appropriate technology for value addition and access to markets.

Key issues in the promotion of cashew growing in Uganda therefore revolve around 
the need to improve farm level efficiency, establishment of standards, and, above all, 
having a private-sector led approach towards the promotion of the industry. Translating 
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these into action would imply: reaching the producer with seedlings, appropriate 
technology and inputs, ensuring farm level efficiency and linking the producer and 
buyer to a market and credit sources.

Processing and marketing of cashew nuts can be two activities amongst many which 
can provide some incentive to farmers to grow more cashew. Uganda requires 
improvement of processing efficiency for quality raw and roasted nuts, better 
marketing and thus empowerment of rural farmers to earn higher incomes from their 
crop. In order to produce high value cashew nuts, it is necessary to build local capacity 
through improvement of existing skills in crop husbandry, processing and upgrading 
the packaging. 

Gender considerations
Higher participation of women can be explained by their dominant roles and 
responsibilities in the farming and food production activities in the cashew growing 
areas of the country. Women have been provided with a legitimate social space to foster 
a sense of solidarity and collective action in their community. Land ownership / tenure 
issues are however of paramount importance in dissemination of cashew technologies

Application guidelines for the users

Establishment and management

1.  Seed: Seed is traditionally the most common method for planting cashew. Seeds 
should be selected from high yielding trees. Seed nuts which are heavy and sink in 
water should be selected. The seeds can be sown directly in the field or pre-planted 
in pots containing 3 parts of earth mixed with 2 parts of fine sand. The seed should 
be sown upright, the way it is attached to the apple or slightly at an angle of 45o 
with the concave side facing out. 

2.  Vegetative propagation: This is the only way that can reliably reproduce the desired 
characteristics of the mother tree in successive generations. High-yielding trees 
should be selected for vegetative propagation, which can be done through grafting, 
budding, tissue culture or air layering.

3.  Field planting: Pits of 30 cm or 45 cm cube should be dug at a spacing of 8–15 m 
depending on conditions. In Uganda, the commonly used spacing is 13 m × 13 m.

Pest and diseases
Several diseases and insect pests such as aphids reduce productivity.

Diseases include pink disease (Pellicularia salmonicola), anthracanose (Colletotrichum 
gloeosporio) and powdery mildew (Oidium anacardii). Spray with 1% Bordeaux mixture 
or other copper fungicides.
Insect pests include cashew stem borer (Plocaederus ferrugineus). Inject 1% Pyrocone 
solution in the bore holes. Leaf minor (Acrocercops syngramma), tea mosquitoe bug 
(Helopeltis antonii), shoot and inflorescent caterpillar (Chelaria haligramma) and leaf 
thrips (Selenothrips rubrocintus). Spray with 0.025% parathion against the insect pests.
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Contact details for further information
Name and contact of the organisation: National Forestry Resources Research Institute, 
(NaFORRI) PO Box 1752, Kampala, Email: naforridir@infocom.co.ug; Tel: +256- 0712 
161161

Name and contact of presenter: Byabashaija Denis Mujuni, PO Box 1752, Kampala, 
Uganda, Email: dbmujuni@yahoo.com; Tel: +256-0752-945818

Name and contact address of key scientist: JFO Esegu, PO Box 1752, Kampala; Email: 
naforridir@infocom.co.ug;Tel:+256- 712 161161

Name and contact of key partners: Peter Masawe, Lead Scientist, Cashew Research 
Programme, Naliendele Agricultural Research Institute, PO Box 509 Mtwara Tanzania; 
Email: palmasawe@yahoo.com; petermasawe@hotmail.com

Plate 1.3: Fruiting cashew branch.
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Plate 1.4: Nursery.

Plate 1.5: Powdery mildew disease.

Plate 1.6: Caterpillars (left) and aphids (right).
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1.16 

Best-bet staple crops (sorghum and maize) 
production technologies 

Introduction
The national agricultural research systems (NARS) of Ethiopia has been developing 
a number of agricultural technologies with potential to increase yield many folds. In 
arid and semi-arid agricultural systems of Ethiopia, staple crops and grain legumes 
(common bean) are the most important strategic crops for food and income, respectively. 
Descriptions of best-bet production technologies of these crops are presented below. 
The rationale to justify the technologies as best practice is highlighted in terms of the 
importance and relevance in addressing climate-induced problems. In addition, the 
geographical locations and bio-physical environments where the technology has been 
tested, proven and promoted are explained.

Description of the technology or innovation
Sorghum and maize are among several crops grown in the arid and semi-arid 
agricultural areas. Nationally, maize is grown on an estimated area of 1.8 million ha 
with an average national productivity of 2.2 tons per ha, while sorghum is produced 
on area of 1.6 million ha with average productivity of about 1.7 million ha (CSA 2008). 
These crops are well adapted to arid and semi-arid areas due to their inherent capacity 
to withstand the recurrently occurring drought exacerbated by the prevailing climate 
change. However, production and productivity of these crops are being constrained by 
several biotic and abiotic factors including drought, nutrient deficiency, insect pests, 
diseases and parasitic weeds (striga). 

The Ethiopian NARS has been exerting considerable efforts to generate and promote 
appropriate technologies of these crops to areas vulnerable to climate variability and 
change. Accordingly, drought tolerant and striga resistant sorghum varieties and 
drought tolerant maize varieties targeted for semi-arid agro-ecologies of the country 
have been developed and released, and disseminated along with appropriate crop 
management practices. These are currently being utilised by the farming communities. 
Among the many varieties released and are being produced by farmers, include 



Teshale, Meko-1 and ESH-1 for sorghum and Melkassa-2, Melkassa-4 and Melkass-6Q can 
be recommended for further scaling out in arid and semi-arid agro-ecologies. These 
varieties are proven for their superior grain yield potential, tolerance to drought, quick 
maturity and also for being nutritionally enhanced. These have good grain quality, 
baking quality, and marketability. The varieties are also resistant/tolerant to major 
diseases prevalent in the target areas, such as common rust (maize), leaf blight and 
leaf spot (sorghum and maize). Meanwhile, nutritional quality study has also showed 
the improved varieties of both crops can be used for preparation of different value 
added products.

In recognition of their merits, the technologies have been tested, adapted and are being 
utilised by small-scale farmers in the semi-arid areas of Amhara (north and south 
wello), Tigray (south and north Tigray), Oromia (east and west Hararghe, central Rift 
Valley areas) and some parts of Somalia and South nations, nationalities and peoples 
(SNNP) regions of Ethiopia. Experiences from promotional activities revealed that 
these varieties are widely adapted to the semi-arid agro-ecologies of the country and 
hence guarantee further scaling out in similar agro-ecologies of the country and ECA 
region. The proforma of these crops and varieties with respect to acceptability and ease 
of adoption, potential benefit/profitability, sensitivity to climate variables, constraints 
to adoption and their recommendation domain are presented in Tables 1.7 and 1.8.

Application guidelines for the users 
In its effort to address the drought-prone areas of the country the NARS of Ethiopia 
has developed various technological packages proven to be well adapted to arid and 
semi-arid areas. As indicated above, maize, sorghum and common bean varieties 
were generated for the purpose and found to be well adapted to the areas; but were 
not scaled out for wider farming communities due to lack of finances and limited 
institutional capacity. Application guidelines for scaling out the already identified 
best-bet technologies are pointed out below. 

• Identify and describe best-bet technological packages suitable for the target areas

• Create strong institutional linkages among all agricultural development partners 
(government organisations and NGOs) working in the target areas. The partners 
include farmers, farmer cooperatives and unions, Bureau of Agriculture and Rural 
Development, input supply and marketing agencies, research institutes, policy 
makers, traders and processors

• Conduct stakeholders/partners sensitisation workshop and share tasks among all

• Access all necessary inputs such as seeds, fertilisers and others and distribute to 
selected host farmers in the target areas on time

• Plant the scaling out plots and apply all necessary crop, soil and water management 
practices. Train farmers, extension workers of Bureau of Agriculture and Rural 
Development and development agents with the utilisation of these technologies 
and post-harvest handling of their products

• Organise field days and exchange visits to ensure information reaches more 
stakeholders and beneficiaries, and enhances farmer-to-farmer learning or 
technology transfer approaches

77



Table 1.7: Inventory of selected sorghum varieties for scaling out in the arid and 
semi-arid ecologies
Variety Teshale (3443-2-0P)
Description Released in 2002; early flowering (65–76 days) and maturing (100–120 days); semi-

loose and erect panicle; best for injera (leavened bread) making quality peduncle 
is undulating; plant height 170–210 cm , HSW 3.3–3.6 g; seed colour, white.

Acceptability and 
ease of adoption

Require no any additional resources and skills. Accepted and being under 
popularisation.

Potential benefit/ 
profitability

Potential yielder 2.5–5.0 tonnes/ha under moisture stress.

Sensitivity to 
climate variables

Good for late moisture stress compared to local cultivars, early flowering and 
maturity help to escape late season drought

Constraints to 
adoption

Relatively short stature compared to the local landraces, susceptibility to dry spells 
within season, low yielder under good rainfall season lack of adequate seed.

Recommendation 
domain

Moisture stress dry lowland areas (<1600 metres above sea level) of East and 
West Hararghe, North and South Wello areas of Ethiopia.

Variety Meko-1 (M-36121)
Description Released in 1998; early flowering (61–80 days) and maturing (100–120 days); 

Plant height 132–169 cm; semi-loose and erect panicle; best for injera (leavened 
bread) making quality, seed colour, white seeded, HSW 2.9–3.7 g.

Acceptability and 
ease of adoption

Require no any additional resources and skills. Widely accepted.

Potential benefit/
profitability

High yielder, 2.4–4.9 tonnes/ha under moisture stress.

Sensitivity to 
climate variables

Good for late moisture stress compared to local cultivars, drought escape while low 
yielder under good rainfall conditions.

Constraints to 
adoption

Short stature, susceptibility to dry spells in between seasons, lack of adequate 
seed, sensitive to bird attack.

Recommendation 
domain

Moisture stress dry lowland areas (<1600 metres above sea level) of East and 
West Hararghe, North and South Wello areas of Ethiopia.

Variety ESH-1 (P9501A x ICSR)
Description Released in 2009; early flowering (71–78 days) and maturing (110–120 days); 

plant height, 160–180 cm; semi-loose and erect panicle; seed colour, white.
Acceptability and 
ease of adoption

Require no any additional resources and skills. Widely accepted, but farmers 
should acquire the seeds every year.

Potential benefit/
profitability

High yielder, 3.5–5.5 tonnes/ha under moisture stress.

Sensitivity to 
climate variables

Good for late moisture stress compared to local cultivars, drought escape as a 
result of early maturity.

Constraints to 
adoption

Susceptibility to dry spells in between seasons, lack of adequate seed, as it is a 
hybrid variety seeds cannot be recycled, sensitive to bird attack.

Recommendation 
domain

Moisture stress dry lowland areas (<1600 metres above sea level) of East and 
West Hararghe, North and South Wello areas of Ethiopia.
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Table 1.8: Inventory of selected maize varieties for scaling out in arid and semi-
arid ecologies
Variety Melkassa - 2 (ZM-521) -2004
Description Released in 2004; maturity,130 days; days to anthesis, 65 days; plant 

height,170–190 cm, seed colour, white; 1000 seed weight, 360–410 
g; resistant to rust and blight.

Acceptability and ease of 
adoption

Require no any additional resources and skills. Accepted and being 
under popularisation and promotion.

Potential benefit/
profitability

Potential grain yielder, 4500–5500 kg/ha; has good biomass yield.

Sensitivity to climate 
variables

Better yielder under relatively longer season length and less sensitive 
to within season dry spell; but sensitive to late season stress if season 
length is short.

Constraints to adoption Seed unavailability
Recommendation 
domain

Central Rift Valley, kobo and Miesso and similar agro-ecological 
areas.

Variety Melkassa- 4 (ECA-EE-36)
Description Released in 2006; matures within 105 days; plant height, 140–165 cm; 

flowering, 53 days; resistance to rust-less tolerant; cooks faster; seed 
colour, white; seed shape, semi-dent; 1000 seed weight 350–400 g.

Acceptability and 
ease of adoption

Require no any additional resources and skills. Accepted.

Potential benefit/
profitability

Relatively high potential yielder 3500–4500 kg/ha under moisture 
stress.

Sensitivity to climate 
variables

Performs better under late moisture stress or short growing period, 
early maturity. While potentially less yielder under good rainfall 
conditions compared to local cultivars.

Constraints to adoption Seed shortage, low infrastructure, low farmer awareness.
Recommendation 
domain

Released for drought stressed mid-altitude areas of Ethiopia, 
Melkassa, Miesso, Ziway, Wolenchiti.

Variety Melkassa- 6Q (Pool15 C7 QPM)
Description Released in 2008; nutritionally enhanced (QPM); matures within 120 

days; plant height, 170 cm; flowering, 58 days; resistance to rust and 
blight; seed colour, white; seed texture, semi dent; 1000 seed weight, 
300–320 g; straight kernel row arrangement.

Acceptability and 
ease of adoption

Require no any additional resources and skills; acceptable but more 
effort required for promotion and scaling out.

Potential benefit/
profitability

Relatively high potential yielder, 3000–4000 kg/ha under moisture 
stress.

Sensitivity to climate 
variables

Performs better under late season moisture stress or short growing 
period, early maturing.

Constraints to adoption Seed shortage, less farmers’ awareness on the nutritional importance.
Recommendation 
domain

Released for drought stressed mid-altitude areas like Melkassa, 
Miesso, Ziway, Wolenchiti
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• Disseminate information about the technologies through extension materials 
(leaflets, pamphlets and production guidelines) to stakeholders and beneficiaries. 
Use mass media to widely broadcast information about the technologies with 
respect to importance, profitability and adaptation.

• Farmers and other users of the technologies should receive training and technical 
support from researchers and Bureau of Agriculture and Rural Development 
extension workers during and post-scaling out of technologies in a sustainable 
way

Contact details for further information 
Name and contact of the organisation: Ethiopian Institute of Agricultural Research, 
PO Box 2003, Addis Ababa, Ethiopia; Email: iar@telecom.et; Tel: +251 116462633; Fax: 
+251 116461251/6461294; Mobile: +251 911 896428

Name and contact of presenter: Dr Dagne Wegary Gissa; Mekassa Agricultural 
Research Centre, PO Box 436, Nazareth; Email: dagnewegary@yahoo.com; Tel: +251-
221-112186; Fax: +251 221-114623; Mobile: +251-912-237300

Name and contact of the scientists involved in the generation of the technology: 
Setegn Gebeyehu; Mekassa Agricultural Research Centre, PO Box 436, Nazareth; 
Email: setegng@yahoo.co.uk; Tel: +251-221-112186; Fax: +251 221-114623; Mobile: 
+251-911-348487 

Habtamu Admassu, Mekassa Agricultural Research Centre, PO Box 436, Nazareth; 
Email: habtamu.admassu@gmail.com; Tel: +251-221-112186; Fax: +251 221-114623; 
Mobile: +251-911-919898 

Taye Tadesse, Mekassa Agricultural Research Centre, PO Box 436, Nazareth; Email: 
taytad032003@yahoo.com; Tel: +251-221-112186; Fax: +251 221-114623; Mobile: +251-
911-627721
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1.17

Best-bet grain legumes (common bean) 
production technologies 

Introduction
The national agricultural research systems (NARS) of Ethiopia has been developing 
a number of agricultural technologies with potential to increase yield many folds. In 
arid and semi-arid agricultural systems of Ethiopia, staple crops and grain legumes 
(common bean) are the most important strategic crops for food and income, respectively. 
Descriptions of best-bet production technologies of these crops are presented below. 
The rationale to justify the technologies as best practice is highlighted in terms of the 
importance and relevance in addressing climate-induced problems. In addition, the 
geographical locations and biophysical environments where the technology has been 
tested, proven and promoted are explained.

Description of the technology or innovation
The common bean, also known as haricot bean, is grown on an estimated 267,000 ha 
by nearly 2.4 million smallholder farmers in Ethiopia (CSA 2009). The major producing 
regions are Oromiya (mainly East Shewa, East Hararghe, West Hararghe, West Arsi, 
Arsi zones) and SNNPR (Wolaita, Sidama, Gedeo, Alaba, Dauro, Guraghe zones). 
Early maturity, moderate drought tolerance and rotational value have made the crop 
popular in farming systems in drought-prone lowland areas. Farmers increase their 
area of production in years when rains are delayed. Beans are better at escaping (short 
maturity period) drought than sorghum and, in some years, provide the only harvest 
in areas of the Rift Valley affected by drought. Soil erosion is relatively low under a 
bean crop canopy, and the straw is stored as a high quality supplement to cereal fodder 
during the dry season.

In the past three decades, the Ethiopian Institute of Agricultural Research (EIAR) and 
regional research institutes have developed over thirty varieties across the various 
market classes (e.g. white bean, small red, large kidneys, etc.) for wider as well as 
specific adaptation to the different bean growing agro-ecologies of the country (EIAR, 
2007). Detailed descriptions of some of the most selected common bean varieties for 



arid and semi-arid areas of Ethiopia are given in Table 1.9. The varieties are high 
yielding, and proven to be adapted to a range of biotic and abiotic stresses. These 
varieties can be grown well in areas with a rainfall ranging from 350 mm to 700 mm 
over a production period of 70 to 100 days. The varieties are adapted to a wide range 
of soils that are well drained and sandy to sandy loam. Productivity of the improved 
varieties with improved management practices ranges between 20 and 30 quintals/ha 
(2.0 to 3.0 t/ha). 

The varieties possess acceptable qualities for canning and domestic consumption. In 
addition to the small, white-seeded varieties, which have been traditionally produced 
for the export market, huge markets are also opening for small, red-seeded and other 
market-class varieties. White pea bean has become an important export item in the 
country’s pulse exports. In 2008 for instance, Ethiopia exported about 75,000 t valued 
at about US$35.4 million.

Table 1.9: Inventory of selected common bean varieties for scaling out in arid 
and semi-arid ecologies
Variety Awash -1 (Ex-Rico-23 )
Description Released in 1990; growth habit-indeterminate bush; seed 

colour, white; flowering, 45–50 days; maturity, 95–100 
days; grain yield, 2200–2500 kg/ha, seed rate, 90 kg/ha 
(raw planting) and 100–110 kg/ha (broadcasting), relatively 
tolerant to CBB and Halo blight, bean stem maggot

Acceptability and ease of adop-
tion

Require no any additional resources and skills; highly 
accepted and being under production

Potential benefit/profitability High yielder; export type
Sensitivity to climate variables Susceptible to climate variability
Constraints to adoption Seed source
Recommendation domain CRV, areas and other areas with rain fall ranges from 

350–700 mm

Variety Awash Melka (Pan-182)
Description Released in 1999; growth habit, indeterminate bush; seed 

colour, white; flowering date, 45–55 days; maturity date, 95–
100 days; 100 seed weight, 21 g; grain yield, 2200–2500 kg/
ha; relatively resistant to CBB, rust, anthracnose and bean 
stem maggot; the seed coat is not transparent

Acceptability and ease of 
adoption

Require no any additional resources and skills; accepted 
and being under production

Potential benefit/profitability High yielder, for export market
Sensitivity to climate variables Susceptible to climate variability
Constraints to adoption Currently under question due to some emergence problem 

owing to seed coat characteristics
Recommendation domain CRV and similar areas having rainfall more than 350 mm 

annually
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Variety Argane (AR04GY)
Description Released in 2005; growth habit-bush type; flowering date, 

55–60 days; maturity, 90–95 days; seed colour, white; 100 
seed weight, 19 g; grain yield, 1900–2200 kg/ha; relatively 
tolerant to CBB and halo blight; canning type

Acceptability and ease of adop-
tion

Require no any additional resources and skills

Potential benefit / profitability Potential grain yielder compared to local
Sensitivity to climate variables Susceptible to climate variability
Constraints to adoption Lack of seed source
Recommendation domain CRV and similar areas (350–1000 mm RF)
Variety Dinknesh (XAN-310)
Description Released in 2006; growth habit indeterminate bush; days 

to 50% flowering, 51–59 days; maturity, 82–102 days; plant 
height, 48 cm; 100 seed weight, 26 g; seed colour, red; grain 
yield (under research), 2500 kg/ha; seed rate, 90 kg/ha for 
row planting and 100–120 kg/ha for broadcasting; relatively 
tolerant to CBB and anthracnose, rust, hallo blight and ALS; 
food type bean variety

Acceptability and ease of adop-
tion

Require no any additional resources and skills; accepted 
and being under popularisation

Potential benefit/profitability Potentially high grain yielder
Sensitivity to climate variables Susceptible to climate variability
Constraints to adoption New variety
Recommendation domain CRV and similar low land areas (400–1100 mm RF); altitude 

1400–1850 metres above sea level.

Variety Nasir (DICTA-105)
Description Released in 2003; growth habit intermediate bush; days to 

50% flowering, 50–55 days; maturity, 81–100 days; plant 
height, 48 cm; 100 seed weight, 24 g; seed colour, red; 
grain yield (under research), 2200–2500 kg/ha; seed rate- 
90 kg/ha for row planting; 100–120 kg/ha for broadcasting; 
tolerant to CBB and anthracnose, rust, hallo blight and ALS; 
market and food type

Acceptability and ease of 
adoption

Require no any additional resources and skills; accepted 
and popularised

Potential benefit/profitability Potential grain yielder than any variety of its type
Sensitivity to climate variables Susceptible to climate variability
Constraints to adoption Seed source
Recommendation domain CRV and similar low land areas (400–1100 mm

RF), altitude 1400–1850 metres above sea level
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Variety Dimtu (DOR-554)
Description Released in 2003; growth habit- indeterminate bush; days 

to 50% flowering, 50–55 days, maturity, 81–100 days; plant 
height, 48 cm, 100 seed weight, 24 g; seed colour- red; 
grain yield (under research), 2000–2200 kg/ha; relatively 
tolerant to CBB and anthracnose, rust, hallo blight and ALS; 
seed rate, 90 kg/ha for row planting and 100–120 kg/ha for 
broadcasting; a food type maize

Acceptability and ease of 
adoption

Require no any additional resources and skills. Accepted 
and being under popularisation

Potential benefit/profitability Potential grain yielder
Sensitivity to climate variables Susceptible to climate variability
Constraints to adoption New variety
Recommendation domain CRV and similar low land areas (400–1100 mm RF), altitude 

1400–1850metres above sea level
Variety Deme (SUG-131)
Description Released in 2006; growth habit determinate bush; days to 

50% flowering, 45–55 days; maturity, 85–10 days; plant 
height, 45cm; 100 seed weight, 40 g; seed colour, speckled; 
grain yield under research, 2000–2200 kg/ha; relatively 
tolerant to CBB and anthracnose, rust, hallo blight and ALS; 
seed rate, 100 kg/ha for row planting and 100–120 kg/ha for 
broadcasting; food type

Acceptability and ease of 
adoption

Require no any additional resources and skills and accepted 
and being under popularisation especially in south west 
region of Ethiopia

Potential benefit/profitability Potential grain yielder
Sensitivity to climate variables Susceptible to climate variability
Constraints to adoption Specific market for the variety
Recommendation domain CRV and similar low land areas (400–1100 mm RF), altitude 

1400-2000metres above sea level

Scaling-up approaches
This section deals the dissemination activities that were carried out by EIAR together 
with other partners, the critical factors for successful promotion and adoption of the 
technologies by end-users, and draws lessons useful in future scaling out activities. 

EIAR launched extensive scaling out of the above described technologies during 
early 2001. The main area of focus was the promotion of improved crop production 
technological packages that have been developed to improve productivity and income 
of smallholder farmers under rainfed farming conditions of the country, with the 
following major objectives:
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1. Increase productivity, production and income through scaling out of proven 
technologies; and hence, achieve food security and improve livelihood of the 
farming community

2. Increase marketability of agricultural products through use of improved production, 
crop management practices, post-harvest handling and utilisation

3. Increase farmers’ access to improved agricultural technologies

Steps in sequencing of scaling out
EAIR adapted an expansion of experience in scaling out proven technologies in the 
arid and semi-arid areas of the country. The approach focuses on sensitising rural 
communities to increase the numbers of farmers drawn into the adoption pathways 
for the technologies. This approach has been aimed at addressing the climate related 
risks which are the principal constraints to crop production in the areas. The following 
are key steps adopted in scaling out to reach the users of the technologies. 

Getting started with scaling out
Identification of best-bet technologies: In the interest of reaching more people with readily 
available technologies, the institute launched the process by identifying proven 
technologies with potential to improve productivity and address challenges of climate 
variability and change in the risk prone areas.

Partnership building: Partners from Bureau of Agriculture and Rural Development, 
NGOs and seed enterprises were formed and Joint planning and implementation of 
scaling-out activities launched through multi-stakeholders consultations.

Stakeholder workshops: Workshops were organised in order to establish linkage and 
share roles and responsibilities of the participating stakeholders. Stakeholders 
(Bureau of Agriculture and Rural Development extension office, unions, farmers, local 
administrators, traders and NGOs) who could contribute to the scaling out process 
were identified and contacted to organise farmers, supply of inputs, and facilitate day-
to-day follow-ups and market opportunities.

Target group identification: After identifying the target areas, target groups were 
identified in each of the selected areas. 

Sensitisation and awareness creation: Extension materials (production guidelines) for each 
crop and management technologies were prepared and distributed to stakeholders and 
beneficiaries. Dissemination of information about the technologies were conducted 
using mass media. Field days were organised in order for the information reach more 
stakeholders and beneficiaries.

Implementation of scaling out activities
EIAR organised a series of practical trainings for stakeholders and identified 
beneficiaries to orient them about the improved technological packages of crops, 
varieties and accompanying agronomic soil and water, and disease, and pest 
management practices, post-harvest handling / processing and marketing. The trainees 
included SMS, agricultural experts, development agents and farmers.
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The scaling out activities were carried out in the four major regions of the country: 
Oromiya, Amhara, Tigray and SNNP. In 2009/10, a total area of 3598 ha has been 
covered by scaling-out improved crop technologies in three regions namely Tigray, 
Oromiya, Amhara, and SNNP on 12027 households (Figure 1.12). In general, there 
is an increasing trend of scaling-out of improved technologies both in terms of area 
and the number of people (households) drawn in to the programme over years. In 
addition, scaling-out of proven technologies has been reaching new areas (regions) of 
the country with the same agro-ecological niche.

Figure 1.12: Amount of seed distributed and number of farmers reached by the 
scaling out activities implemented by EIAR in 2009/2010.

Post-scaling-out: Sustaining efforts and actions
EAIR finds provision of technical support to be a useful mechanism and process for 
sustaining of scaling-out activities in other institutions. It has provided considerable 
technical support, capacity building and material inputs (seeds of different improved 
crop varieties) to different research institutions, NGOs so that they continue expanding 
scaling out experience. Overall, EAIR has stirred up great interest and was able to 
draw many institutions in the country to scaling out and scaling-up activities of proven 
technologies in new areas.

There were several critical factors for successful promotion and adoption of the 
technologies. Successful scaling out depends on many internal and external factors. 
Internal factors are those that are within the control of EAIR. The efforts of EAIR 
were successful due to the fact that it focused on scaling out of proven best bets that 
met the demands and needs of the farming community. The economic viability and 
user friendliness of the technologies has contributed to the success of the scaling out 
effort which has been demonstrated by visible financial benefits by the adopters of 
the technologies. Secondly, the approach adopted was fully participatory, involving 
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different stakeholders, particularly farmers. Thirdly, the relatively well skilled, better 
experienced and dedicated research staff were involved helping to guide the adaptation 
and scaling out processes. Fourthly, the use of mass media and other communication 
materials has enhanced the scaling out and significantly contributed to the success of 
the scaling out of the best bets.

There are also external or contextual factors that enhanced the scaling-out efforts. 
These are: conducive policy environment and improvements in national agricultural 
extension system, increased awareness of farmers on the importance and profitability of 
improved technologies which changed the attitude and perceptions of farmers towards 
the technologies, the established farmers’ cooperatives and unions, stakeholders’ active 
participation, and the support of donors.

Users of the technologies
Arid and semi-arid parts of the country account for about 75% of the total land mass 
which is dominated by smallholder farmers. In arid and semi-arid areas of the country, 
farmers do not usually produce sufficient food due to inadequate rainfall and occurrence 
of intermittent drought. The food insufficiency in turn exacerbates malnutrition in most 
households, particularly for children and women. The technologies were primarily 
targeted to this group of farmers to improve their dietary conditions and support them 
generate cash income. Unions and cooperatives as well as commercial farmers of the 
target areas were also beneficiaries of the scaling-out effort.

The main outcomes of the scaling-out interventions have been vivid in terms of the 
number of rural population in different parts of the country that were reached with the 
proven technologies, and the enhanced productivity of agricultural commodities and 
farmers income. Although a serious study on the impact of scaling out has not been 
conducted, there is ample evidence showing improvements in the living standard of 
the rural population.

Current situation and future scaling out
The following are the major challenges faced by EAIR while scaling-out proven 
technologies in the arid and semi-arid agro-ecologies: 

• The high risk nature of semi-arid areas and farmers’ reliance on rainfall coupled 
with lack of reliable climate forecast information

• Lack of seed and improved farm implements due to limited technology multipliers 
and distributers, and their limited capacity in availing technologies in required 
quality, quantity and time

• Inadequate researchers’ understanding and skills in communication and scaling 
out

• Lack of market information due to poor extension system

• Limited access of farmers to credit

• Lack of ready markets for excess produce from using improved technologies 
Insufficient funding that limited the production and dissemination of 
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communication products such as leaflets and brochures and consequently limited 
number of farmers reached due to lack of budget exclusively allocated for scaling 
out

• Poor natural resource base

In light of the above challenges faced from past efforts in scaling out, and analysis of the 
outcomes and challenges, several recommendations are forwarded for consideration 
for further scaling out.

Institutions involved in technology generation should play active roles in scaling 
out of their technologies together with active partners. To ensure sustainable scaling 
out, they should mainstream scaling-up approaches. Policy provisions to design and 
implement measures within institutions to ensure that all programmes and projects 
have strategies for uptake and promotion of technologies resulting from research 
activities should be in place. Mainstreaming of scaling-up approaches into NARS 
need to be given attention to ensure that the technologies generated from research are 
promoted and utilised by the user communities. 

Currently, many developmental institutions are undertaking scaling out of technologies 
in an uncoordinated manner. More collaboration among partners, and harmonisation 
of approaches are required for effective scaling out in order to effectively address 
smallholders technological needs. In addition, researchers and extension staff of 
Ministry of Agriculture and Rural Development have very limited understanding and 
skills in communication and scaling out. Hence, there is a need for developing their 
capacity to enhance their understanding and skills through intensive professional 
development programme on knowledge management and the science and practice 
of scaling out. In addition, researchers should train end-users (farmers, farmers 
groups and commercial farmers), intermediate stakeholders, and extension workers to 
facilitate rapid adoption of improved technologies.

Farmers need ready markets to sell excess produce gained as a result of adoption of 
improved agricultural technologies. Therefore, there is a critical need to develop market 
information delivery system to help farmers produce what is demanded in the market 
and enter negotiations with traders. Similarly, there is a strong need to link farmers 
with markets. Investment in rural financing is required to promote adoption and 
utilisation of proven technologies through enhancing farmers’ access to credit. There 
is a need to revisit the current input delivery system through improving the capacity 
of technology multipliers and distributers in availing technologies in required quality, 
quantity and time. Furthermore, the participation of private sector in promotion and 
service delivery to facilitate scaling out of technologies need to be encouraged.

Scaling-out the already proven technology combination that is water harvesting 
with drip irrigation is important to alleviate water shortage and poor performance of 
irrigation system and adopt climatic variability and change in arid and semi-arid areas. 
Scaling out of community based integrated natural resource actions are very much 
required to sustain production and productivity. In the past, these have received very 
little attention. In pursuit of improving the current situation, investment on promoting 
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and scaling out of sustainable natural resource management technologies become very 
critical.

Lessons learned: Towards greater impact
EIAR has learned transferable lessons that can be extended, with confidence, to a 
larger scale or new areas where climatic risks are prevalent assuming that the barriers 
to effective scaling out are addressed. The following are the major lessons learned in 
getting technologies used by largest number of users:

• Creating awareness among various stakeholders about the usefulness of the 
improved technologies significantly contributed to wider and successful adoption. 
Farmers are keen to participate on technology adoption that will fetch them good 
incomes. The technologies with high market demand are more preferred and 
widely adopted by smallholder farmers than those with low market demand.

• Among the technology dissemination or diffusion methods EIAR has employed, 
farmer-to-farmer learning or transfer of technologies was found to be effective 
as farmers trust each other than they trust external actors. Therefore, farmers 
research groups (FRGs) have been implemented as approach to make the learning 
and scaling-out process participatory. This has resulted in enhanced access and 
knowledge of farmers about modern practices.

• There is a strong need for alternative options and availability of technologies at 
local level. This requires creating of opportunity for entrepreneurs-agro-enterprises 
– small, and farm implements and seed producers. 

• The importance of employing monitoring and evaluation (ME) exercises is one 
of the major lessons learned from past scaling-out efforts. Because ME helps in 
assessing and analysing of the constraints and opportunities of scaling out, and 
means to learn and correct mistakes along the way during scaling out.

• The importance of partnership and multi-disciplinary team approach, and 
active participation of stakeholders at all levels of the process from planning to 
implementation of scaling out is another critical factor for successes on scaling out 
of technologies.

• There is a need to translate climate data into meaningful information that can 
build the confidence of stakeholders, and enable the realisation of the potentials 
of technologies promoted in supporting smallholder farmers to adapt to climate 
variability and change.

• The lessons showed that there is very low adoption of improved technologies in 
the agricultural system in general, and a strong need for scaling out of the proven 
technologies under varying climate.

Considerations in the development and dissemination of 
the technology
Women, children and the elderly in the semi-arid areas of Ethiopia are the most vulnerable 
to the impacts of climate variability and change. Hence, most technologies generated 
for semi-arid environments followed gender-sensitive research methodologies. To 
implement this, EIAR researchers have attended a series of trainings and workshops 
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on the application of gender analysis, gender-sensitive and participatory research 
methodologies in agricultural research. Research centres working in semi-arid agro-
ecologies have strong linkages with women groups and have been implementing 
farmer participatory technology generation and dissemination with women and 
women groups. Researchable issues relevant to women farmers were identified, and 
prioritised for funding. Female-headed households are intentionally included in 
farmer participatory technology generation, multiplication, promotion and scaling-
up. All socio-economic studies of farmers’ circumstances and technology adoption 
conducted by EIAR have included gender-disaggregated data.
 
Improved nutrition and increased household income resulted from increased crop 
production and productivity positively affected women in the target region. Women, 
the elderly and children generally suffer from food shortage and poor nutrition than the 
youth and adult men; and therefore they benefited from increased crop productivity 
and enhanced nutritional quality (like quality protein maize, QPM). In communities 
and population components largely dependent upon cereals as a source of protein 
(i.e. lower income segments of the population, female-headed households, children 
and female members of households who receive lower priority for protein dense 
foods such as animal products), introduction and scaling-up of nutritious cereals and 
pulses will have high impact on the nutritional status of their diet. Women also do not 
usually have equal access to scarce household resources. Thus additional household 
produce harvested and/or income generated as a result of planting higher-yielding 
stress-tolerant varieties or through involvement in community-based seed production 
highly contributed to put more resources into the hands of women. 

Therefore, in planning and managing agricultural technology generation, promotion 
and scaling-up, EIAR scientists are committed to achieving gender-inclusive results, 
and using gender-sensitive indicators, including the collection of gender-disaggregated 
data. Efforts are made to increase the sensitivity of stakeholders on gender issues, 
gender analysis skills are built in agriculture, and explicitly women are promoted 
as agents of change. Dissemination and scaling out activities in staple crops will 
contribute to empowering women farmers so that they may achieve greater and more 
secure production of higher quality and quantity food, thereby improve family health 
and nutritional status.

Application guidelines for the users 
In its effort to address the drought-prone areas of the country the NARS of Ethiopia 
has developed various technological packages proven to be well adapted to arid and 
semi-arid areas. As indicated above, maize, sorghum and common bean varieties were 
generated for the purpose and found to be well adapted to the areas; but were not scaled 
out for wider farming communities due to lack of finances and limited institutional 
capacity. Application guidelines for the scaling out of the already identified best-bet 
technologies are pointed out below. 

• Identify and describe best-bet technological packages suitable for the target areas

• Create strong institutional linkages among all agricultural development partners 
(government agencies and NGOs) working in the target areas. The partners 
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include farmers, farmer cooperatives and unions, Bureau of Agriculture and Rural 
Development, input supply and marketing agencies, research institutes, policy 
makers, traders and processors

• Conduct stakeholders/partners sensitisation workshops and share tasks among all

• Access all necessary inputs such as seeds, fertilisers and others; and distribute to 
selected host farmers in the target areas on time.

• Plant the scaling out plots and apply all necessary crop, soil and water management 
practices. Train farmers, extension workers of Bureau of Agriculture and Rural 
Development and development agents with the utilisation of these technologies 
and post-harvest handling of their products

• Organise field days and exchange visits so that information reaches more 
stakeholders and beneficiaries, and enhances farmer-to-farmer learning or 
technology transfer approaches

• Disseminate information about the technologies through extension materials 
(leaflets, pamphlets and production guidelines) to stakeholders and beneficiaries. 
Use mass media to widely broadcast information about the technologies with 
respect to its importance, profitability and adaptation.

• Farmers and other users of the technologies should receive training and technical 
support from researchers and Bureau of Agriculture and Rural Development 
extension workers during and post-scaling out of technologies in a sustainable 
manner.

Contact details for further information 
Name and contact of the organisation: Ethiopian Institute of Agricultural Research, 
PO Box 2003, Addis Ababa, Ethiopia; Email: iar@telecom.et; Tel: +251 116462633; Fax: 
+251 116461251/6461294; Mobile: +251 911 896428

Name and contact of presenter: Dagne Wegary Gissa (PhD); Mekassa Agricultural 
Research Centre, PO Box 436, Nazareth; Email: dagnewegary@yahoo.com; Tel: +251-
221-112186; Fax: +251 221-114623; Mobile: +251-912-237300

Names and contact of the scientists involved in the generation of the technology: 
Setegn Gebeyehu, Mekassa Agricultural Research Centre, PO Box 436, Nazareth, 
Email: setegng@yahoo.co.uk; Tel: +251-221-112186; Fax: +251 221-114623; Mobile: 
+251-911-348487 

Habtamu Admassu, Mekassa Agricultural Research Centre, PO Box 436, Nazareth; 
Email: habtamu.admassu@gmail.com; Tel: +251-221-112186; Fax: +251 221-114623; 
Mobile: +251-911-919898

Taye Tadesse, Mekassa Agricultural Research Centre, PO Box 436, Nazareth; Email: 
taytad032003@yahoo.com; Tel: +251-221-112186; Fax: +251 221-114623; Mobile: +251-
911-627721
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Part 2
Improved livestock technologies
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2.1

Commercialised supply of training and 
certification to improve quality and safety 
of animal products and exploit market 
demand

Introduction
Informal markets, small volumes and largely generic products make product 
differentiation difficult. This stifles innovation towards value addition in response 
to market signals. Certification, for which training is a prerequisite, provides a 
differentiation mechanism in such market settings upon which further marketing 
innovation can be built. Policy makers also require well documented justification for 
departures from prevailing procedures targeted at the informal sector. Rules to protect 
public health in such settings are often unrealistic in that, while they significantly limit 
market access, they are not based on locally derived information, which is usually 
lacking.

Description of the technology or innovation
Commercialised supply of training and certification (T&C) through accredited business 
development service (BDS) providers has been successfully tested as a mechanism 
for addressing food quality and safety concerns and improving market access. Food 
quality and safety concerns raised by consumers and policy makers are important 
barriers to market access for small-scale producers and market agents, especially those 
selling highly perishable livestock products. While these markets dominate the supply 
of milk and meat in the ECA region, they often operate outside the formal economy 
and without official support due to policies addressing quality and safety concerns. 

T&C provides an appropriate level of justification in this context by addressing two key 
problems: the need to bridge the gap between regulated and unregulated markets, and 
the need to overcome food safety concerns raised by consumers and health regulators. 



Addressing these problems through T&C has been shown to address safety concerns 
and bridge the regulatory gap, while creating employment and providing greater 
access to quality nutrition for the poor.

Livestock offers the main opportunity for improving livelihoods in arid and semi-arid 
lands (ASALs) where productivity losses associated with climate change risks are high. 
Overcoming market barriers in these areas is one way for vulnerable communities to 
adapt to climate change. Health risk and market demand information generated by 
ILRI and partners in the region, including ASARECA, and on which this innovation 
depends, has revealed the following:

• Milk- and meat-borne health risks are often overplayed and are largely eliminated 
through cooking. For example, the common consumer practice of boiling milk 
before use is as effective as industrial pasteurisation in reducing such risks.

• Boosting the image of livestock products as healthy has benefits for which local 
consumers are willing to pay price premiums. For example, a recent study among 
consumers of camel milk and meat delicacy known as nyirinyiri in Kenya revealed 
that consumers are willing to pay up to twice as much for attributes of freshness 
and cleanliness.

• T&C allows a balance between strict implementation of regulations, which creates 
strong incentives for markets to avoid them due to the costs of compliance, and 
market access.

Scaling-up approaches 
T&C has been piloted in Kenya (now with over 200 accredited business development 
services (BDS) providers) and has recently been initiated in Tanzania and India. A 
version involving training, packaging and branding of camel meat (nyirinyiri) has also 
been tried among women groups in Garissa, Kenya. Recent impact analysis of the 
T&C pilot by the Kenya Dairy Board (KDB) in Kenya showed significant benefits to the 
economy amounting to US$33 million annually. See Figure 2.1 for a representation of 
the mechanism of commercialised supply of training and certification.

The users of the innovation are certification authorities including regulators, 
standards bureaus, BDS providers, associations representing market chain actors and 
development agencies. The innovation relies on application of BDS to integrate small-
scale informal market actors into the formal value chain through building capacity, 
assuring product quality, labelling and branding. The BDS approach extends the reach 
of the certification authorities while providing employment and income opportunity 
for the BDS providers through the fees paid to them by trained market chain actors. 

The market chain actors, comprising mainly producer-sellers, vendors, transporters 
and processors, benefit through increased knowledge, reduced post-harvest losses, 
official recognition and increased consumer confidence in the products they sell.

The key factor is recognition that most consumers are poor and have few affordable 
alternatives despite what policies say, hence their dependence on informal markets. 
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Figure 2.1: Schematic representation of the mechanism of commercialised 
supply of training and certification.

There is a continuum between informality and formality and movement towards the 
latter is a gradual process that does not simply involve moving from one fixed state 
to another. Successful promotion of the innovation requires engagement by regulators 
and development agents to support an environment that provides informal actors 
with some of the protective benefits that formality can offer. In particular, such support 
helps informal actors overcome the constraint of low investment into business that is 
often related to low education, poor awareness, inadequate information and lack of 
capital. This gives the opportunity for informal actors to move along the continuum 
and evolve their practices towards formality, scale-up and achieve target standards. 

Recognition of the following factors regarding informal actors will enhance promotion 
of this innovation: 1) that they dominate production, processing and delivery and 
employ many people, especially in ASALs where alternative formal markets hardly 
exist; 2) that they are mainly poor and without a voice; 3) that policy has historically 
focused on their displacement by formal capital-intensive production and marketing; 
4) that vested interests often reinforce their displacement; and 5) that available services 
have not been tailored to them.

Second, recognition that livestock-mediated development is considered among the 
best opportunities for livelihoods improvement, given increasing demand for livestock 
products and widely recognised nutrition benefits. For example, growth in the dairy 
industry has been ranked by ASARECA and IFPRI as the most important agricultural 
sub-sector in the ECA region in terms of potential gross domestic product (GDP) gains.
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The T&C scheme related to milk market development in Kenya has now evolved to 
include the participation of the Dairy Traders Association (DTA) launched in September 
2009. Their aims and activities include self-regulation based on the T&C concept. DTA 
membership has grown from 37 when the association was registered some two years 
back, to 3000 members in September 2009. About 4000 people, offering employment 
to over 10,000 people, have since been trained and certified through the association. 
This is remarkable considering that only five years before, trade in raw milk was not 
allowed and traders were often harassed due to concerns by officials regarding milk 
quality and safety.

The changes in Kenya have had important regional knock-on effects within the context 
of the ASARECA Policy Analysis and Advocacy Programme (PAAP) on rationalisation 
and harmonisation of dairy policies in the region, which is supporting a similar 
scheme in Tanzania through the Tanzania Dairy Board that has already recruited and 
accredited 20 BDS providers.

Current situation and future scaling-up
The challenges are: 1) overcoming negative mindsets about the role of informal 
agribusiness in development and instead, view informal enterprises as the basis for 
more widespread economic and social development and as an engine for poverty 
alleviation; 2) the tendency to adopt international food quality assurance standards 
without considering local contexts, acceptable levels of protection and ignoring the role 
of traditional markets that have existed for millennia; and 3) promotion of investment 
by value chain actors in T&C, besides other businesses or upon which expansion or 
further marketing innovations can be built. It has been shown that viability of T&C 
BDS requires bundling with other BDS services.

Recommendations for addressing the challenges are: 1) effective dialogue based on 
robust evidence generated following consultation with key players to establish what 
new information is required; 2) careful selection of candidates for enrolment into the 
BDS scheme, coupled with effective induction on business opportunities and planning; 
and 3) active promotion of BDS services in the initial stage at public expense and 
thereafter, an assessment of who gains in each context and distinction between public 
and private responsibility.

The lessons learnt about the best ways to get the innovation adopted by the largest 
number of people are: 1) combination of practical demonstration with generation and 
dissemination of robust evidence; 2) application of collaborative and participatory 
approaches in both the generation of evidence and engagement of beneficiaries; 3) 
commercialising the supply of the innovation and reducing public responsibility as 
it catches on; 4) documentation and dissemination of the impact to stakeholders and 
the economy at large; and 5) involvement and leadership by a mandated government 
agency is an important component. However, evidence generated by research was the 
basis of the willingness of authorities to consider such alternative approaches in order 
to meet local needs and conditions, despite departing from international norms.
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Gender considerations
Successive surveys of gender participation in dairy production and marketing in 
eastern Africa has repeatedly shown that women control a significant proportion of 
the income derived from dairy production, even though men may own the production 
assets. But direct participation by women in marketing declines relative to that of men 
as marketed output increases and the milk is sold to large bulking points such as dairy 
cooperatives. Women are more likely to receive money from milk sold to individual 
customers and private traders than from dairy cooperatives. Therefore, women 
producers would be expected to benefit from promotion of small-scale milk marketing. 
There is no evidence that any specific gender is unduly disadvantaged through this 
market innovation in as far as involvement as BDS providers is concerned. Groups 
engaged in nyirinyiri production and marketing in Garissa, Kenya all comprised of 
women.

Application guidelines for users 

Training materials on which the T&C is based are available at <http://www.ilri.org/
aggregator/sources/13>, and a manual for practitioners on setting up and implementing 
the T&C BDS scheme is being developed. Further details may be obtained from ILRI, 
PO Box 30709, Nairobi 00100, Kenya or ASARECA, Policy Analysis and Advocacy 
Programme (PAAP), PO Box 765, Entebbe, Uganda.

Contact details for further information
Contact details of the organisation: International Livestock Research Institute (ILRI), 
PO Box 30709 Nairobi 00100 Kenya; Telephone: +254 20 422 3000; Fax: +254 20 422 3001

Contact details of the presenter and generators/promoters of the technology or 
innovation: Amos Omore, Improving Market Opportunities, ILRI, PO Box 30709 
Nairobi 00100 Kenya; Telephone: +254 20 422 3000; Fax: +254 20 422 3001; Mobile: +254 
733-881170; Email: A.Omore@cgiar.org

Additional relevant literature
Kaitibie S, Omore A, Rich K, Salasya B, Hooton N, Mwero D, Kristjanson P. 2008. 

Influence pathways and economic impacts of policy change in the Kenyan dairy sector. 
Research Report 15. ILRI (International Livestock Research Institute), Nairobi, 
Kenya. (Available from http://mahider.ilri.org) 

Omore A. Staal S and Randolph T. 2004. Overcoming barriers to informal milk trade in 
Kenya. In: Proceedings of the EGDI-WIDER (Expert Group on Development Issues/
World Institute for Development Economics Research) Conference on Unlocking 
Human Potential Linking the Informal and Formal Sectors, Helsinki, 17–18 
September 2004. (Available from http://mahider.ilri.org)
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Plate 2.1: From left to right pictures of showing trained small-scale and certified 
milk traders in Kenya.

Plate 2.2: Nyirinyiri products produced by a women’s group in Garissa County, 
Kenya.

The nyirinyiri products in Plate 2.2 were produced my women in Garissa County 
in Kenya, labelled and submitted to the Kenya National Bureau of Standards for 
certification (approval and stamp) before being introduction into high-end markets. 
Consumers indicated they are willing to pay more for improved image.
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2.2

A basket of feed options for dryland 
smallholder farming systems

Introduction
Climate change is predicted to especially affect marginal environments. Dryland 
agriculture is particularly vulnerable and there is a need for adaptation options, 
which enhance resilience of farming enterprises and make better use of already scarce 
resources such as water and the biomass produced from evapotranspiration of that 
water. In some cases arable farming will become more difficult and there may be a shift 
to livestock keeping. Enhancing production of livestock outputs per unit of feed and 
water is an important adaptation option in this respect. 

Description of the technology or innovation
This technology is a portfolio of feed options which are associated with enhancing 
feed availability and use, and are focused on three major livestock feed resources: 1) 
enhancing supply of high quality green forages; 2) enhancing supply and nutritional 
quality of crop residues; and 3) enhancing biomass supply from communal rangelands.

1) Enhancing supply of high quality green forages
Forage grasses, legumes and fodder trees are important components of natural pastures 
and are important for soil stabilisation, providing ground cover and wind breaks to 
prevent soil erosion, and contribute to soil fertility through decomposition of organic 
matter and microbial nitrogen fixation. Forage grasses and natural pastures may also 
be important for carbon sequestration.

Well adapted and productive forages (Table 2.1) can play an important role in drought-
affected areas by having multipurpose value to the farmer, as well as providing a feed 
resource for livestock. Forage legumes fix nitrogen, improve soil fertility and provide 
soil cover, while fodder trees also provide shade and act as windbreaks. Most forage 
legumes and grasses, which are tolerant to long periods of drought are short-lived 
annuals, which can rapidly produce dry matter and complete a life cycle in a limited 
period when the soil moisture is available.



Table 2.1: List of promising species for use as feeds for dryland areas
Fodder trees ILRI acces-

sion numbers
Type of 
plant

Use in 
system

Seed 
availability

Cajanus cajan 10563, 11563, 
11566, 11575

Short-lived 
perennial

Intercropping 
with sorghum/
millet

ICRISAT/ILRI

Gliricidia sepium 14503, 14508 Perennial Fencing/alleys ILRI
Leucaena leucocephala 70 Perennial Fencing/alleys Cultivars4

Sesbania sesban 10865 Short lived 
perennial

Fencing/alleys Cultivars

Herbaceous and dual 
purpose legumes
Alysicarpus glumaceus 10293 Annual Oversowing ILRI
Centrosema brasilianum 6773 Perennial Sole forage ILRI/CIAT
Centrosema pascuorum 9857 Annual Sole forage Cultivars
Centrosema pubescens 219 Perennial Sole forage ILRI/CIAT
Chamaecrista rotundifolia 9288 Perennial Oversowing Cultivars
Clitoria ternatea 9294, 9296 Perennial Intercropping 

with sorghum/
millet

Cultivars

Lablab purpureus 147, 10979, 
11609. 11640

Annual Intercropping 
with sorghum/
millet

Cultivars

Macroptilium atropurpureum 69, 397 Perennial Sole forage Cultivars
Neonotonia wightii 6762 Perennial Sole forage
Stylosanthes hamata 75, 167 Perennial Oversowing Cultivars
Stylosanthes scabra 140, 441 Perennial Oversowing Cultivars
Vigna unguiculata 9333, 9334, 

11114, 12668
Annual Intercropping 

with sorghum/
millet

Cultivars

Zornia latifolia 172 Perennial Oversowing ILRI/CIAT
Zornia sp 11415 Perennial Oversowing ILRI/CIAT

Grasses
Cenchrus ciliaris 6645 Perennial Pasture Cultivars
Chloris gayana 6633, 7384 Perennial Pasture Cultivars
Cynodon dactylon 13821 Perennial Pasture Cultivars
Panicum coloratum 7153 Perennial Pasture Cultivars

Sorghum almum Perennial Bunds and 
fences

Cultivars

__________________
4Indicates potential commercial availability, not necessarily in the East Africa region at present.
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2) Enhancing supply and nutritional quality of crop residues
Crop residues are a major component of the livestock feed resource in many developing 
countries. This basal livestock feed resource can be improved through promotion of 
superior dual-purpose (i.e. food and fodder) varieties of key cereals (maize, wheat, 
rice, sorghum, pearl millet) and legumes (groundnut, cowpea, pigeon pea) by: 

• Exploiting variation in existing cultivars; and by further genetic enhancement 
towards dual-purpose traits using conventional and marker assisted selection 
(MAS) approaches to crop improvement. 

• The utilisation of basal crop residue and crop by-product based diets can be 
improved by feed processing methods such as chopping, mashing, and feed block 
and pellet production.

In India, strategically combining these approaches in beef and dairy value chains has 
shown that daily weight gains of about 1000 g/day and daily milk yields of more than 
15 litres can be achieved on diets consisting of more than 80% of crop residues and 
other agro-by-products. There are significant opportunities for south-south learning 
to promote such approaches in the East Africa region.

3) Enhancing biomass supply from communal rangelands
The technology is about enhanced management of rangeland resources in dryland 
areas where rainfall is extremely variable in order to improve the income of smallholder 
farmers through market-led animal husbandry development. Three types of traditional 
grazing areas are identified: valley bottomlands, upper and lower portions of the 
bottomlands. To improve and diversify the productivity and production of communal 
forage resources, integrated interventions include the introduction of: 

• improved community-based market-oriented forage development approaches

• cut and carry system for animal feeding to enhance natural forage regeneration

• improved forage species such as Napier and Rhodes grasses, and Sesbania sesban 
(upper and lower portion of the bottomlands)

• improved skills and capacity in knowledge management.

Application of such strategies in Northern Ethiopia has resulted in improvements in 
natural forage groundcover of 70–100% compared to 20–30% before such interventions 
in the bottomland grazing areas. Improved forage development helps the rehabilitation 
of the environment, cover and abundance of bee forage plants and in return improves 
the productivity of market-oriented commodities.

With improved market-oriented forage development in sites in Northern Ethiopia, 
fattening (11,802 shoat and 3315 cattle), dairy (1128 crossbreed and 27,063 local dairy 
cows) and beekeeping (21,000 honey bee colonies) emerged as key business-oriented 
commodities benefitting about 60–70% of the households in the district in 2009. Even 
under extremely variable rainfall conditions, it is possible to produce some forage 
which can be transformed into cash, either directly or via animal production. 
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Scaling-up approaches
High quality forages: Smallholder livestock keepers and farmers with available land and 
labour for forage production, who can produce feed for their own livestock enterprise 
or for sale as inputs for dairy and fattening value chains.

Improved crop residues: Improving basal diets through superior dual purpose type 
cultivars has short delivery pathways since ideally only a change of seeds is required 
and the approach does not demand implementation of new technologies per se. Farmers 
are, therefore, the first beneficiaries of such interventions. In addition, all actors in feed 
value chain such as livestock owners, fodder sellers and traders, feed manufacturers 
and specialised livestock enterprises benefit from the proposed innovations. It is also 
important to engage national and commercial seed sector players.

Enhanced rangeland resources: Beneficiaries include farmers and private sector actors, 
landless youth specialised mainly in sheep fattening and beekeeping, female-headed 
households in shoat fattening and in the case of dairy, specialised private service 
providers such as bull service providers.

Following are the critical and essential factors for successful promotion and adoption 
of the technology:

High quality forages 
1.  Targeting to ensure a match of biophysical parameters with the requirements of different 

forage species
 A number of biophysical factors support adoption of high quality forages. Rainfall 

distribution, soil type and its water-holding capacity and level of the water table 
are all important factors. In sandy soils the water is quickly lost from the surface, 
whereas in clay with a high water-holding capacity, water may be available for a 
sufficiently long period to allow good plant growth. 

2.  Appropriate market demand for livestock products resulting in demand for high quality 
forage material as feed

 Forage technologies have had variable adoption in the livestock systems of 
developing countries and it has been shown that the successful integration of 
sown forages depends on the existence of a genuine need (i.e. market demand for 
livestock product) for improved feed by farmers. 

3.  Available and economical source of planting material to support uptake and scaling-up
 Demand for forage seeds varies from year to year, constraining seed supply and 

commercial production. Most planting materials in the region come from research 
institutes and public-private partnerships for forage seed production of a broad 
range of well-adapted forage species needed to support increased forage adoption.

4. Information on options and forage management
 Information on the benefits of forages, options available and good management 

practices has been shown to promote adoption. Strong extension services support 
farmers to make informed choices of forages that best match their environmental 
and socio-economic conditions and address the sometimes knowledge-intensive 
requirements for new forage species. 

104



Improved crop residues
1. Close collaboration of all actors in research, development and in feed and livestock commodity 

value chains
 For enhanced impact in this area, livestock and crop improvement scientists, 

economists, private entrepreneurs (seed and feed related) and development agents 
need to collaborate closely with all actors in feed and livestock value chains. 

2. Systematic evaluation and promotion of crop residue based options
 Steps required: 

• Identification and promotion of cultivars with high grain/pod yield and high 
crop residue quantity and fodder quality.

• Identification of best breeding methods for further genetic enhancement.

• Systematic inventory of feed resources including price: quality relationships.

• Identification of all pertinent actors in given feed/livestock value chains.

• Optimisation of feed/diet design and physical form to get optimum livestock 
performance and feed transport and storage worthiness.

Enhanced rangeland resources 
1. Explicit linkage of the forage development initiatives with market-oriented livestock 

development
 Linkage between short-term community benefits and market-oriented animal 

production was found to be particularly important in the drylands where most of 
the farmers are unlikely to test risky technological options to improve their income.

2. Participatory appraisal of community resources and prioritisation of interventions
 This is required to instil a strong sense of community ownership and facilitate 

the subsequent scaling-out of interventions. Initially, the generation, adoption and 
promotion of the initiatives were demand-driven and participatory based on a 
thorough analysis/diagnosis of the gaps in knowledge and knowledge acquisition. 
Learning of the communities through participation was important—the forage 
development initiatives were demonstrated through field visits, farmer-to-farmer 
exchange and sharing of experience, and space was left for farmers and partners to 
modify the technology or innovation according to their context and understanding. 

Current situation and future scaling-up
The challenges encountered with respect to further disseminate the technology/
innovation, adoption and scaling-up/out were:

High quality forages 
1. Lack of evidence of economic profitability
 Successful adoption of forage legumes occurred where the technologies were 

profitable, often with multiple benefits (e.g. the “push-pull” system, where the 
legume assists in stem borer control as well as providing feed). 

2. Inadequate technical support (such as seed or planting material availability)
 Access to forage seeds is another constraint to scaling-up and out. In East Africa 

much of the seed is still produced in research institutions in small quantities and is 
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not widely available through dissemination networks. There are few commercial 
companies dealing with a limited range of species, and seed sourcing and import 
in some countries of the region is constrained by lack of information and foreign 
currency.

3. The lack of a network of actors to sustain the innovation process
 Participatory farmer-led research involving close interactive partnerships between 

a coalition of committed stakeholders/actors over many years is essential to support 
adoption of forage technologies as is an innovation approach (see also the section 
on enhancing productivity of local chicken).

4. A poor match between the production system niche and skills of farmers 
 Forages are rarely cultivated as sole crops and adoption is increased when farmers 

devise ways to integrate them into their existing production system with minimal 
additional input, labour or land requirement. This requires an understanding of 
how forages combine with each other and with crops, how they compete for water 
and nutrients and how best to manage them to increase systems sustainability and 
productivity.

Improved crop residues 
1. Competition for crop by-products 
 Generally biomass availability in smallholder systems is declining and competition 

is increasing, for example between the needs of livestock keepers for crop residues 
as fodder and demand for the same resource for soil improvement interventions 
such as conservation agriculture. Allocating crop residues to meet both shorter and 
longer term needs of farmers is a challenge. 

2. Economic viability of best-fit feeding interventions 
 Very often feed interventions targeted at ruminant animals (in contrast to 

monogastric animals, particularly poultry) have failed because livestock keepers 
often prefer to prepare their own rations. This will change with increasing market 
orientation, but a better understanding is required of how much farmers are 
willing to invest in feed relative to what they get from selling their products. Costs 
of transportation and processing of residues as well as concentrates are also part of 
this equation.

3. Cash flow problems, lack of credit
 Traditionally feed ingredients (especially crop residues) could often be obtained 

on credit or through bartering and exchange of goods. Commercial feed producers 
are reluctant to extend credit. 

4. Feed quality control is often problematic 
 Lack of an appropriate regulatory framework often decreases the interest of farmers 

in purchasing appropriate supplements for crop residue based diets because of the 
variable quality of the feed options for sale. This makes it uncertain that production 
aims can always be realised and that the money spent was matched by adequate 
feed quality.
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Enhanced rangeland resources 
1. Practical knowledge gaps on how to introduce improved forage management initially
 Lack of experience on participatory market-oriented and knowledge-intensive 

approaches to assess gaps in knowledge and strategies for knowledge acquisition, 
use and sharing among farmers and partners. 

2. Effective partnerships for initiating forage development are often lacking
 Traditionally, investment in market-oriented forage development is not common 

among the community and other partners. As a result, reaching a common 
understanding on the forage intervention approaches was time-consuming.

3. Communities were initially sceptical about the expected results of the improved forage 
interventions

The recommendations for addressing the challenges listed above include:

High quality forages 
1. Lack of evidence of economic profitability
 The first step is understanding how to target the use of best-bet forages, fodder 

trees and food-feed crops in specific niches by exploiting their multiple attributes 
for sustainable agriculture, including provision of livestock feed, soil amelioration, 
and weed and pest control. The next step is action research and participatory forage 
selection with farmers and users to better understand how they value and select 
forages as part of crop-livestock systems. Involving farmers early in the selection 
process is important for uptake of technologies.

2. Inadequate technical support (such as seed or planting material availability and a network)
 Farmer selection of technologies and timely delivery of inputs, including seeds and 

planting material, supported by adequate local livestock support organisations and 
extension is essential to support uptake. Careful attention to socio-economic and 
policy issues in provision of technical support should also be considered. The ILRI 
herbage seed unit is addressing issues of forage seed supply and is an important 
source of seeds and information in the region to encourage national forage seed 
production.

3. The lack of a network of actors to sustain the innovation process
 Forage technologies have conventionally been promoted through traditional 

research–extension–farmer linkages but with limited success. New thinking in 
this area has recognised the need for involvement of a broader coalition of actors 
including input service providers (e.g. seed suppliers), co-operatives, researchers, 
extension agents, civil society groups and local government line departments. 
Establishing knowledge flow and joint action in such coalitions has proved more 
successful in eliciting change in feeding systems and a more prominent role for 
forages. Making forages work for the benefit of farmers in smallholder systems 
appears to require this more actor-oriented approach to be successful.

4. A better match between the production system niche and skills of farmers
 Information on options for systems, farmer participation in selection of species and 

107



information on management practices that take into account farmer constraints help 
farmers to better match forages to niches and ensure successful forage production 
and adoption.

Improved crop residues 
1. Competition for crop by-products 
 Thorough diagnosis for targeting of efforts to enhance crop residue supply and 

use is needed. Competition for crop residue biomass in specific locations and the 
availability of alternative feed sources needs to be understood before embarking 
on interventions.

2. The economic viability of best-fit feeding interventions 
 Innovative partnerships and arrangements are required to ensure functioning 

credit options. Such may be complemented by an appropriate and user-friendly 
tool to facilitate broad economic evaluation of options.

3. Cash flow problems, lack of credit
 Engagement with a broad set of market-linked actors including establishment of 

small-scale business finance models.

4. Feed quality control is often problematic 
 Engagement with regulatory bodies and producers, and incentives for appropriate 

quality and small-scale packaging of feed supplements/concentrates, together with 
targeted information on utilisation.

Enhanced rangeland resources 
1. Practical knowledge gaps on how to introduce improved forage management
 Introduction of participatory, knowledge-based, market-oriented forage 

development integrated with the culture of knowledge use and sharing among the 
community and beyond.

2. Effective partnerships for initiating forage development are often lacking
 Capacity building on effective partnership approaches in forage development to 

respond collectively to emerging market opportunities in animal production and 
forage intervention. 

3. Communities can be initially sceptical about the expected results of the improved forage 
interventions

 The presence of committed and enthusiastic leadership at community and local 
level is important. Flexible leadership with excellent experience in collaborative 
working culture is needed. Development of a close relationship and collaboration 
among the partners, mainly the local decision makers and extension service 
providers, community leaders and the community, is a prerequisite for successful 
community based forage development. 

In terms of lessons learnt about the best ways to get technologies or innovations 
adopted by the largest number of people, the research has shown that addressing the 
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feed needs in arid and semi-arid environments requires a combination of approaches 
spanning technologies (and their delivery), knowledge and information sharing/
access, innovation system approaches to engage a broad coalition of actors, and policy 
dimensions, often engaged simultaneously and in many cases not beginning with the 
technology dimension per se. Furthermore, each case has a prerequisite for a growing 
livestock product market to provide the driving force or “pull” for adoption, utilisation 
and at times delivery of feed interventions.

High quality forages
Studies have shown that forages will be adopted when the following conditions are 
met:
• Market opportunity and strong demand for livestock products, especially milk/

dairy

• Feed shortages and a strong demand for feed

• Lack of alternative market opportunities or low-cost feed resources

• Suitable biophysical environment 

• Adequate land and labour to incorporate forages into existing systems

• Source and delivery of available planting material, and ease of establishment and 
management

Improved crop residues
• Identification and engagement of all actors in pertinent value chains; this spans 

the spectrum from breeding/selection to seed production through transport and 
processing to marketing/delivery.

• Participation of private entrepreneurs is particularly important. 

• Business plans for feed processing options need to be considered very carefully, 
particularly the choice of centralised versus decentralised processing options.

Enhanced rangeland resources
Our experience has identified a series of lessons about enhancing uptake of forage 
development technologies for rangelands:

• Understand the spatial variation in biophysical and socio-economic settings, in 
other words define the geographical areas into domains to scale-out innovations. 

• Identify key market-oriented commodities with their advantages, limitations and 
possible intervention needs along the value chains in each geographical domain.

• Enumerate the knowledge gaps, acquisition and use, and share experiences 
interactively.

• Develop the capacity of actors to improve the uptake and dissemination of 
innovation.
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Gender considerations 

High quality forages 
Feed collection and feeding of dairy animals is typically women’s work, while 
children are involved in herding. Uptake of forage technology supports women and 
children through providing a ready source of feed on farm, reducing time spent on 
feed collection and herding, and sale of cut and carry forages can increase household 
income that can be spent on food and schooling. It also increases time that can be spent 
on their traditional engagement in processing and marketing livestock products such 
as dairy products, and woollen and leather goods.

Improved crop residues 
Often crop-based interventions are led by men while livestock interventions, specifically 
feeding, are the responsibility of women in the household. Selection and promotion of 
dual purpose type cultivars need to take account of these different responsibilities.

Enhanced rangeland resources
With improved forage development, female-headed households (FHHs) have 
improved access and better benefits from the forage plots. They rent out their forage 
plots for 10–20 times more cash than unimproved forage plots. With cut and carry 
system of animal feeding, children, particularly girls, have better chances of attending 
school.

In our sites, FHHs have benefitted more in the improved forage development than 
male-headed households (MHHs). Usually MHHs have more animals than FHHs. 
Thus in open grazing situations FHHs are disadvantaged when it comes to utilisation 
of the feeds. However, after improved forage development, most FHHs sell their forage 
either in cash or in kind in exchange for ploughing of their land and threshing of their 
crops. Decreasing economic dependence of FHHs on men may also decrease the risk 
of HIV/AIDS spread.

Contact details for further information

Name and contact of the organisation: International Livestock Research Institute 
(ILRI), PO Box 5689, Addis Ababa, Ethiopia; Contact person: Shirley Tarawali; Email: 
s.tarawali@cgiar.org; Tel: +251 11 617 2000; Fax: +251 11 617 2001

Name and contact of presenter: Alan Duncan, ILRI, PO Box 5689, Addis Ababa, 
Ethiopia; Email: a.duncan@cgiar.org; Tel: +251 11 617 2000; Fax: +251 11 617 2001

Name and contact of key scientists: 
High quality forages: Jean Hanson, ILRI, PO Box 5689, Addis Ababa, Ethiopia; Email: 
j.hanson@cgiar.org; Telephone: +251 11 617 2000; Fax: +251 11 617 2001

Improved crop residues: Michael Blummel, ILRI, c/o ICRISAT, Patancheru, Andhra 
Pradesh 502 324, India; Email: m.blummel@cgiar.org; Telephone: +91 40 3071 3653
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Enhanced rangeland resources: Gebremedhin Woldewahid and Dirk Hoekstra, 
ILRI/IPMS, PO Box 5689, Addis Ababa, Ethiopia; Email: g.woldewahid@cgiar.org 
d.hoekstra@cgiar.org; Telephone: +251 11 617 2000; Fax: +251 11 617 2001
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2.3

Index-based livestock insurance: Helping 
pastoralists manage the risk of drought-
related livestock losses

Description of the technology or innovation
Like any insurance product, index-based insurance aims to compensate clients in the 
event of a loss. Unlike traditional insurance, which makes payouts based on case-by-
case assessments of individual clients’ loss realisations, index-based insurance pays 
policy holders based on an external indicator that triggers payment to all insured 
clients within a geographically-defined space. For index insurance to work, there must 
be a suitable indicator variable (the index) that is highly correlated with the insured 
event. Using a data source that is promptly, reliably and inexpensively available (and 
that cannot be manipulated by either the insurer or the insured), an index insurance 
contract makes the agreed indemnity payment to insured beneficiaries whenever the 
data source indicates that the index reaches the “strike point”, or insurance activation 
level. 

Index-based insurance products represent a promising and exciting innovation for 
managing the climate-related risks that rural agricultural households face. In this 
particular case we apply this product to help pastoralist households regularly hit by 
droughts that erode their productive asset base and threaten their livelihoods, to help 
manage the vulnerabilities posed by drought-related livestock losses. Index-based 
insurance is particularly suited to cover such risks as they are largely shared risks, 
impacting a large number of the affected populations at any one time, and can be 
related to measures such as rainfall and average forage conditions that can easily 
be indexed. By providing compensation against livestock losses due to well defined 
drought occurrences, insurance can help stabilise asset accumulation and enhance 
economic growth, credit provision for investment in productive assets and livelihoods, 
and stem the downward spiral of pastoralists into poverty.

After more than two years of research and product development, a consortium 
of technical partners (including ILRI and Cornell University) collaborated with 



commercial partners in Kenya (Equity Bank and UAP Insurance Agency) and globally 
(Swiss Re) to launch a pilot Index-Based Livestock Insurance (IBLI) product for 
individual pastoralists in arid and semi-arid Marsabit District of northern Kenya (www.
ilri.org/ibli/). The highly innovative IBLI Marsabit product has attracted considerable 
commercial and policymaker attention and was very well received by the target 
clientele, selling more than 2000 policies to individual herders in the first six-week 
marketing campaign. Although there is still room for improvement and we are still 
studying the direct welfare benefits of the product, its great potential merits further 
attention and up-scaling. In addition, while the product has thus far been developed 
for commercial sustainability, there is powerful logic for re-tooling it as a productive 
safety net whereby governments and donors provide subsidised insurance contracts 
to well targeted recipients.

Scaling-up approaches
Pastoralists and agropastoralists or anyone with livestock holdings in the coverage 
area is a potential user. IBLI-type products are most suited to pastoral production 
systems in arid and semi-arid lands where there is a strong relationship between 
climactic factors and livestock productivity. Currently the product is being mediated 
by the market and we are evaluating its long-term commercial sustainability. At the 
same time we are investigating options for smart subsidies provided by governments 
or donor institutions either to lower commercial premiums or to target more at-risk 
vulnerable populations with free or cheaper livestock insurance offered as part of a 
productive social safety net programme.

Since the product is a new innovation offering insurance to a largely illiterate 
population with no prior experience with insurance, a critical factor is education and 
extension. Target clients must be confident in their understanding of the product in 
order to adopt it. There also has to be clarity on exactly what the insurance covers in 
order to maintain confidence. 

Increased capacity in the insurance provision and regulatory agencies is critical. For the 
product to be successfully scaled-up, there is a need for a critical mass of technicians 
and policy persons who understand the key aspects of the insurance product, are able 
to design or make revisions to the design of products, and understand the key features 
in the policy and regulatory environment that must be attended to in order for the 
product to be successful and sustainable. 

Given the remoteness of ASALs, it will also be important to think carefully about the 
optimal transactions platform. For the pilot, agents were using vehicles to traverse the 
districts and conduct sales manually. Trying to tap into existing developments in ICT 
and telephony would make the process that much more efficient.

Current situation and future scaling-up
One of the principle challenges is data availability. The design of a good index is 
predicated on the availability of a minimum set of data that allows for the modelling 
of a precise relationship between the risk to be covered by the insurance and the index 
variable.
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Another key challenge is the development of industry capacity to ensure careful but 
paced scale-up. Currently the process of product development and implementation 
is quite slow as the expertise is vested in a few minds. This will need to change if the 
product is to be mainstreamed.

Recommendations on addressing the challenges
For the challenge on data availability, we shall impress on the relevant bodies the need 
for improved collection and storage of the necessary data. Currently, however, we are 
working on developing statistical techniques to use various disparate data sets and the 
trends and relationships therein to extrapolate complete data sets upon which indices 
can be reliably built.

We also recommend the development of a manual on the research, development, 
implementation process and key lessons or issues to consider in scaling-up, as well as 
various educational modules targeted at the various key stakeholders in the industry.

Key lessons learnt
• Prior to the implementation of the pilot there was a comprehensive research effort 

that targeted both the potential clientele as well as key community-based and 
industry stakeholders. It was critical as it gave a measure of confidence that this 
was indeed a product that was considered to add value as it was in demand and 
allowed us to tweak key features of the contract, where possible, to the client’s 
specification.

• We also learned from the launch that the product was better received where 
there was a concerted effort by extension agents and where these extension 
agents were recruited in direct consultation with community members. Ensuring 
that influential and locally respected persons where trained and furnished with 
sufficient information on the product was also key. 

• The delivery channel is critical. We were not able to meet demand because roving 
agents were unable to cover all necessary bases. Having stationary agents in key 
areas, preferably using an electronic platform, would be beneficial. This is under 
design.

Gender considerations
One key gender concern was that as most pastoralist herds in Marsabit are owned 
by men, women may not benefit as much. However, we were surprised to find that 
48% of the contracts were bought by women. Through our impact assessment efforts 
(we conducted a baseline of over 900 households across Marsabit that we shall be 
revisiting annually for the next four years) we shall be able to investigate the gender-
based differentials in adoption and impact. In addition we have a separate specific 
module to help us understand what drove a relatively high and unexpected demand 
by women.
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Additional documentation
We have a comprehensive website complete with product summaries, academic 
papers, media reports, a regularly updated index status as well as description of index, 
contact information and more. Please visit at <www.ilri.org/ibli/>.
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2.4 

The infection and treatment method 
of vaccination against East Coast fever 
(Theileria parva infection) 

Description of the technology or innovation
The infection and treatment method (ITM) is a method of vaccination, which involves 
the simultaneous inoculations of live Theileria parva parasites and the antibiotic 
oxytetracycline. T. parva is transmitted by ticks and the parasite material in the vaccine 
comprises a ground homogenate of infective ticks. The oxytetracycline serves to limit 
the infection induced by administration of the parasite, while allowing the parasite to 
induce a strongly protective immune response.

East Coast fever (ECF) is found predominantly in 11 countries in central, eastern and 
southern Africa. It results in the death of about 1 million cattle annually, with a further 
28 million of the 47 million cattle in the region being at risk of contracting the disease. 
The economic losses are estimated to be US$300 million per year. This does not include 
losses attributed to the inability to introduce more productive exotic cattle, in which the 
effects of the disease are more severe. The most practical alternative control method for 
ECF is the use of acaricides to reduce the incidence of parasite transmission. However, 
this approach suffers from the requirement for infrastructure, the cost of the acaricides, 
the need to apply the acaricides at least weekly, the development of resistance to the 
acaricides by the ticks and the environmental harm caused by acaricide run-off. It has 
been estimated that uptake of the ITM vaccine would result in a saving of 260 million 
litres of water and would prevent 260,000 litres of acaricide from being released into the 
environment. Sick animals can also be treated with antitheilerial drugs, but these are 
expensive and require an early diagnosis to be effective. In comparison, ITM provides 
what is believed to be life-long immunity after a single inoculation.

The technology has been used in a commercial setting predominantly in the pastoral 
areas of northern Tanzania and in the agropastoral areas of Eastern Zambia, where 
more than 500,000 and 400,000 cattle respectively, have been vaccinated. The greatly 



increased survival rate following vaccination has resulted in income generation due 
to greater offtake of cattle for sale. The vaccine has recently been registered in Kenya, 
Tanzania and Malawi, and is in the final stages of registration in Uganda. A consortium 
comprising AU-IBAR, Global Alliance for Livestock Veterinary Medicines (GALVmed), 
International Livestock Research Institute (ILRI), PanAfrican Veterinary Vaccine Centre 
(PANVAC) and District Veterinary Services (DVS) representatives is coordinating the 
establishment of commercial distribution networks and a manufacturing facility.

Scaling-up approaches
The ultimate beneficiaries of the technology are pastoralists, agropastoralists 
and smallholder dairy cattle keepers in the 11 affected countries. The vaccine has 
predominantly been taken up by Maasai pastoralists in northern Tanzania and southern 
Kenya, and agropastoralists in eastern Zambia. The vaccine has been used to a more 
limited extent to allow the introduction of crossbred animals in Uganda.

The technology is delivered by trained veterinarians and animal health workers.

The critical factors are:

• a reliable supply of the vaccine from manufacturers to encourage distributors and 
deliverers of the vaccine to invest in infrastructure, services and marketing material

• an efficient distribution system to ensure that the vaccine is kept in liquid nitrogen 
until administration by trained practitioners

• awareness of the product amongst the livestock owners and animal health service 
organisations to stimulate uptake of the vaccine. This awareness should be 
facilitated by quantified assessment of the benefits of vaccination

• establishment of user groups and delivery networks linked to the manufacturer 
through distributors, to administer the vaccine and monitor the vaccinated animals 
to ensure safe and effective delivery of the vaccine

• inclusion of the vaccine in an overall livestock sector development and improvement 
program in target regions to maximise the gains from vaccination.

Current situation and future scaling-up
Challenges
• establishment of commercial distribution and manufacturing facilities

• product improvements to remove the need for the liquid nitrogen cold chain and 
package sizes suited to different production systems

• increasing the awareness of the technology

• linking vaccine use to overall livestock sector development to enhance increased 
offtake as risk and mortality are reduced.

Recommendations
• the establishment of commercial distribution and manufacturing facilities is being 

facilitated by GALVmed, a public-private partnership
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• development funding is required and is being sought to develop and validate 
product and process improvements by the manufacturer

• commercial distributors and animal health institutions (e.g. Departments of 
Veterinary Services) need to develop sensitisation and awareness campaigns 
featuring livestock owners currently employing vaccination

• linking vaccine delivery to livestock sector development activities in pastoral areas 
to facilitate access to markets, such that the income from increased sale of animals 
can be realised and used to finance additional improvements such as building of 
dams and improved cattle types.

The lessons learnt about the best ways to get technologies or innovations adopted 
by the largest number of people included: the successful implementation of the 
technology required, and will continue to require, the sustained commitment and 
integration of activities by various entities including the manufacturer, the distributors, 
the governmental regulatory and animal health authorities, and public sector donors. 
This was underpinned by confidence that the commercialisation of the hitherto 
experimental vaccine was possible and that there was willingness to modify and adapt 
the technology to the particular circumstances of its use.

Key to the increased uptake of the vaccine in northern Tanzania was the presence 
of veterinarians with experience in the use of the vaccine, and communication of its 
benefits by livestock owners whose cattle had been vaccinated to those who were 
uncertain about its use.

Gender considerations
In the dissemination of the technology, studies have shown that poor households, 
including those headed by women, often cannot afford the technology. As part of its 
global access strategy, GALVmed will explore and test mechanisms for getting the 
vaccine to these households via commercial distributors.

Additional documentation
<http://www.ilri.org/ilrinews/index.php/archives/1982>; <http://www.galvmed.org> 
and <http://www.sheepsclothing.info/nrk/RIUinfo/PF/AHP14.htm>. 

Contact details for further information
Name and contact of the organisation: International Livestock Research Institute 
(ILRI), PO Box 30709, Nairobi 00100, Kenya; Email: www.ilri.org; Telephone: 254 20 
422 3000 Fax: 254 20 422 3001

Name and contact of presenter: Dr Amos Omore, ILRI, PO Box 30709, Nairobi 00100, 
Kenya; Email: a.omore@cgiar.org; Telephone: +254 20 422 3000; Fax: +254 20 422 3001

Name and contact address of key scientists: Drs P Toye and H Kiara, PO Box 30709, 
Nairobi, 00100, Kenya; Email: p.toye@cgiar.org; h.kiara@cgiar.org; Telephone: +254 20 
422 3000; Fax: +254 20 422 3001
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Name and contact address of key partners:

• African Union-InterAfrica Bureau for Animal Resources (AU-IBAR)

• PANVAC, Ethiopia

• GALVmed (Global Alliance for Veterinary Medicines), Edinburgh, UK

• Departments of Veterinary Services in Kenya, Uganda, Tanzania and Malawi

• VetAgro, Arusha, Tanzania

• Centre for Ticks and Tick-borne Diseases, Lilongwe, Malawi

• Food and Agricultural Organization of the United Nations, Rome, Italy
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2.5

Feed-legume based crop–livestock 
production

Introduction
Millions of poor livestock keepers in rainfed mixed crop-livestock systems in non-
tropical dry areas face various constraints in responding to the rising demand for meat 
and milk. The key constraint is feed scarcity, which is associated with low and erratic 
rainfall, seasonal droughts, over-grazed and dwindling rangelands, low soil fertility 
as well as lack of appropriate agricultural practices and partnerships for technology 
development and dissemination, poor market access, pro-poor policies and effective 
institutions. 

The technology package is based on the work of ICARDA work in the non-tropical, 
low-rainfall (200–350 mm) dry areas of Central and West Asia and North Africa and 
on the ILRI experience in the East African highlands. These showed that integration 
of feed/food legumes such as vetches (Vicia spp.) and chicklings (Lathyrus spp.) into 
small-scale rainfed mixed crop-livestock farming systems, coupled with appropriate 
practices, policies and institutions, could increase and sustain crop and livestock 
outputs per unit land area. On-farm studies show that growing barley in rotation with 
vetch could increase digestible dry matter and grain yields (25–40%), and soil nitrogen 
and phosphorus levels (10–20%), compared to continuous barley cropping. Also, 
feeding vetch hay or grain as supplement to low-nitrogen cereal straw could increase 
lamb growth rate (20–35%) and milk output (15–25%). Thus, promotion and adoption 
of the technology could reduce the widespread food insecurity, poverty and natural 
resource degradation in sub-Saharan Africa.

Description of the technology or innovation
The package consists of technical, institutional and policy options to integrate nitrogen-
fixing, water efficient, annual cool-season feed legumes into small-scale, mixed rainfed 
cereal-livestock and fruit tree-livestock systems in the highlands of Ethiopia, Kenya, 
Uganda and Tanzania. The package involves building effective partnerships and 
institutions for technology dissemination and knowledge sharing, best-bet feed/food 



legume based cropping systems to increase crop and livestock outputs, value addition, 
linking farmers to markets and promoting enabling policies. The legumes can be 
grazed, cut for hay in spring or harvested at maturity for grain and straw. The grain 
can be used as a source protein and energy in ruminant and non-ruminant rations, or 
for human consumption. The hay can be used as protein supplement to low-quality 
cereal straw basal diets. The straw can serve as supplement or replacement for low-
quality cereal straw basal diets depending on their nutritive value, or as mulch for soil 
conservation. 

The technology has been promoted in the non-tropical dry areas of West Asia and North 
Africa where average annual rainfall is between 250–350 mm. It could be promoted in 
the non-tropical semi-arid areas in East and Central Africa with similar annual rainfall 
range, for instance the medium-altitude highland zone of Ethiopia.

Scaling-up approaches
The users of the technology include small-scale crop-livestock farmers, national 
agricultural research and development agencies, non-governmental organisations, 
women’s interest groups, livestock keepers, policy makers, private seed companies 
and feed and livestock traders.

The dissemination approaches used were farmer field days, farmer field schools, 
exchange visits, women’s field days, participatory evaluation for hay, grain and straw 
production, and on-farm testing of forage and grain as supplements in ruminant 
rations.

The critical and essential factors for wider adoption consist of effective multi-
stakeholder partnerships (farming communities, research and development agencies, 
public-private sector linkages); community involvement (planning, implementation 
and evaluation stages); input availability (seeds, fertiliser, feed, labour, land); market 
access (input and output markets); effective institutions (farmers’ and women’s interest 
groups, extension system); enabling policies (pricing, access to loan and credit); viable 
seed systems (formal and informal systems, especially for feed legumes); and women’s 
participation (value addition and micro-processing). 

Current situation and future scaling-up
The challenges were: establishing and maintaining effective partnerships (public and 
private sector); lack of enabling policies and effective institutions (extension systems, 
farmer groups, women’s group); ensuring availability of inputs at reasonable prices 
(seed, fertiliser, simple processing machines); large-scale on-farm demonstration of 
inappropriate feed/food legume and livestock management practices); and ensuring 
participation of women.

The strategies for addressing the challenges consist of use of participatory approaches 
to establish multi-stakeholder partnerships from planning through implementation 
and monitoring; promoting public-private sector partnerships; strengthening capacity 
of existing institutions and facilitating establishment of effective institutions (extension 
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systems, farmer/women’s groups); demonstrating best management practices – feed 
production, value addition, fattening and ration formulation; involving policy (price, 
subsidies, loans and credit).

The lessons about best ways to promote technology adoption comprise establishing 
multi-disciplinary, inter-disciplinary and multi-institutional teams needed for large-
scale on-farm demonstration of integrated crop-livestock technologies; involving 
communities in planning, implementation and evaluation stages; integrating 
technical, policy and institutional options; linking farmers to markets (inputs and 
outputs) and value-added products; and encouraging private sector investment in 
seed multiplication, ration formulation and micro-finance.

Gender considerations
• Promoting the participation of women through the establishment of women’s 

interest groups, processing and marketing associations.

• Establishment of community-based micro-finance schemes to support and 
stimulate small-scale, women-managed processing enterprises.

Application guidelines for users
1. Growing common vetch (Vicia sativa L) to improve quality feed supply and soil productivity: 

Common vetch is an annual feed legume grown in pure stands or in combination 
with cereals such as barley, oats and triticale for grazing, hay-making and grain 
in West Asia and North Africa. Vetch can be intercropped, under-sown or rotated 
with cereals to improve cereal grain yields, soil productivity and residue quality to 
increase livestock feed output. 

2. Land preparation for establishment: A well-cultivated, uniform and firm seed bed is 
required for good results.

3. Sowing methods: Normally drilled whether sown pure or in combination with 
cereals such as oats, barley and triticale. Sown at 2–4 cm with good soil cover.

4. Soils and rainfall: Common vetch grows well on well-drained, moderately fertile, 
and neutral to alkaline (pH 6.0 to 8) loamy sands and clay loams. Common vetch 
is adapted to low to medium rainfall regions with 250–500 mm annual rainfall.

5. Sowing time and rate: Autumn or spring depending on farming system and severity of 
winter conditions, but mainly in autumn. In medium to high rainfall zones (greater 
than 350 mm per year), seeding rate of 50–80 kg/ha is recommended depending 
upon germination percentage. In drier areas, 80–120 kg/ha is recommended. Higher 
sowing rates will increase forage yield. Sowing rate of 50–80 kg/ha is recommended 
when in combination with a cereal such as barley, oats and triticale.

6. Rhizobial relationships: Rhizobial inoculation of seed is advisable if grown on land 
where species has not been grown before. Poor nodulation will result in low 
nitrogen fixation, low yields and small rotational benefits.

7. Fertiliser requirements: The main nutrient requirement is for phosphate, at an 
application rate dependent on the soil P status. About 20–45 kg/ha of phosphorus 
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may be applied for better establishment. A starter dose of nitrogen (10–15 kg/ha) at 
seeding may be useful if the soil has a low nitrogen status.

8. Forage grazing and hay-making: Common vetch can be directly grazed by sheep and 
cattle in late winter and early spring, providing nutritious forage. The forage can 
also be harvested for hay at 50% flowering and podding stages. The hay could be 
used as protein supplements for sheep and goats fed low-quality cereal straw and 
native pasture basal diets. Due to lack of simple equipment for hay-making and 
difficulty in drying the forage, most farmers prefer harvesting at maturity for grain 
and straw.

9. Harvesting for grain and straw: Common vetch can be harvested for grain and straw 
at maturity. Maturity is evident when pods lose their green colour and become 
brittle. Do not delay harvesting as pod shattering may occur during adverse 
weather and the crop will collapse to the ground, making harvesting difficult. 

10. Use of grain as supplements: Common vetch grain can be used as a cheaper source of 
protein in rations for ruminants such as sheep, goats and cattle and non-ruminants 
such as poultry and pigs.

Contact details for further information
Contact details of the organisation: ICARDA, PO Box 5466, Aleppo, Syria

Contact details of the presenter and generators/promoters of the technology or 
innovation: Dr Asamoah Larbi; ICARDA, Forage-Livestock Systems Unit, PO Box 
5466, Aleppo, Syria; Email: A.Larbi@cgiar.org; Telephone: +963-21 221 3433; Fax: +963-
21 221 3490

Contact details of the presenter and generators/promoters of the technology 
or innovation: Mr Abate Tadela, c/o Dr Alan Duncan, PO Box 5589, Addis Ababa, 
Ethiopia; Email: A.Duncan@cgiar.org; Telephone: +251-116172223; Fax: +251-11641252
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2.6

Scaling-up of proven livestock technology/
innovation to arid and semi-arid areas 
of Ethiopia to improve livelihoods and 
enhance adaptation to climate change

Introduction
In arid and semi-arid agro-ecologies of Ethiopia, livelihoods are chiefly based on 
livestock that play numerous economic, social and risk management roles. Climate 
change and variability is expected to aggravate the vulnerability of livestock systems 
and encourages factors that affect livestock production. For pastoral communities, it 
leads to unceasing poverty with long-term effects on livelihoods through increasing 
temperatures and changing rainfall patterns resulting in decreased productivity of 
forage and rangeland resources as well as increased spread of vector-borne diseases 
and parasites. To work against these consequences, one of the strategic options is 
to scale-up proven technologies that augment the adaptive capacity of pastoral and 
agropastoral communities. In the context of livestock production, among the most 
proven feed technological options is enhancement of urea-molasses multi-nutrient 
block (MNB), which will be considered here.

Description of the technology or innovation
Livestock production in developing countries is largely dependent on fibrous feeds, 
mainly on crop residue and low-quality pasture which are deficient in nitrogen, readily 
fermentable energy, minerals and vitamins. Protein supplements such as oil cakes are 
expensive in developing countries, if available at all. This has led to the use of non-
protein nitrogen sources such as urea, to compensate for the nitrogen deficiency in 
fibrous feeds. Coupling the use of urea with a source of readily fermentable energy 
such as molasses, helps the growth of micro-organisms in the rumen, which digests the 
fibrous feeds. This increases the digestion and consumption of fibrous feeds allowing 
the animal to maintain, and often increase, productivity. 



These advantages, together with the benefits of enhanced productivity in terms of 
increased milk and meat production and higher reproductive efficiency in ruminant 
animal species, have led to the adoption of block technology in many countries of the 
region. Many international organisations have played important roles in disseminating 
these technologies. 

The production and use of MNB meaningfully contributed towards the protection of 
the livestock asset, post-drought recovery and enhancing pastoral and agropastoral 
communities’ resilience to feed-related shocks. In regions like Afar and Somali, where 
recurring droughts and years of mismanagement have substantially reduced the 
availability of pasture, the fairly low-cost MNB constitutes useful complementary 
survival or production feed.

The MNBs are being used in many woredas of Afar, Somali and Oromia regions 
of Ethiopia. This has been possible with the help of different non-governmental 
organisations. Through task forces established at woreda and kebele levels, most 
vulnerable members of the community were given the first priority of receiving the 
MNBs. 

This technology is also well utilised in other countries of the region (Kenya, Uganda 
and Tanzania).

Scaling-up approaches 
Users of the technologies are pastoral and agropastoral communities living in arid and 
semi-arid areas as well as smallholder farmers of Ethiopia and other countries in the 
region.

Approaches used for technology dissemination was possible through the formation 
of MNB producer cooperatives. Presently, three MNB producer cooperatives are 
producing MNBs in Afar. They are located in Assayita, Awash and Chifra towns. The 
cooperatives, whose members are pastoralists and ex-pastoralists, were established 
with the support of FAO. So far the MNBs produced have been distributed to drought-
affected pastoral households in the nine woredas of Afar and three woredas of the 
southern Tigray zone. 

Critical and essential factors for successful promotion and wider adoption of the 
technology or innovation:

• Sustainable supply of alternative MNB technologies based on locally available 
resources is among the critical issues for successful promotion and adoption of the 
technology

• Access to credit service and adequate development budget is very critical

• Knowledge enhancement and awareness creation among pastoralists is very 
important for successful promotion and this requires sustained training.
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Current situation and future scaling-up
Challenges:

• Costliness of inputs like supplemental feeds and other inputs used for urea-
molasses block making when these interventions are used 

• Limited number of technology multiplication centres

• Poor access to market and marketing systems

Recommendation for addressing the challenges:

• The use of locally available resources for multi-nutrient block preparation

• Formation of many MNB producer cooperatives

• Improved market accessibility 

• Training and awareness creation among the community on the production, 
utilisation and contribution of the technology

• Access to credit

Lessons learnt about the best ways to get technologies or innovations used:

• Ensuring the suitability of technologies to particular pastoral livelihood systems is 
a key parameter for success

• Orienting technological interventions to market ensures sustainability of the 
interventions

• Multi-stakeholder approach is very important to get technologies moving

• Improving pastoralist capacity to innovate is key for technologies to impact their 
livelihood (disruption of the pastoral social and cultural institutions should be 
prohibited)

• Availability of technological inputs enhances the continuity of the intervention.

Gender considerations
Technologies like MNB development interventions were focusing on the involvement 
of women, and evidence indicates that there was better sustainability. MNB producer 
cooperatives formed in Afar regions of Ethiopia are dominated by women and they 
are found to be effective and sustainable in the production and dissemination of the 
technology. This is an indication for gender consideration.

Application guidelines for users
(a) How to make multi-nutrient blocks

Multi-nutrient blocks can be manufactured on the farm. Manufacture is easy and 
simple and different processes exist which may be used according to local conditions. 
The manufacturing can be divided into four stages:
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1.  Preparing the ingredient 
• Mixing

• Moulding

• Drying

 The quantity of the different ingredients depends on the size of the block to be 
manufactured and the formula to be used.

 Good mixing is crucial for good block making. Urea must be mixed thoroughly by 
breaking up lumps to avoid pockets of high concentration that could harm animals.

2.  Procedures for making block as outlined by EARO (2004)
• Add urea to molasses and mix it for about 20 minutes

• Add salt with cement into 0.6 l of water (equivalent to 40% of its weight) and 
mix

• Combine the ingredients under items 1 and 2

• Add wheat bran and mix

• Add noug cake and mix

• Add mineral source and mix

• Ready to shape

 Once the ingredients are thoroughly mixed, place the mixture into moulds. Any 
local container such as tin cans or small buckets can be used as a mould. Using a 
plastic sheet to line the moulds will make block removal from the mould easier. 

3.  Safety measures in the use of MNB
 When blocks are first introduced to adult cattle on straw-based diets, about 50% 

of the animals adapt immediately while others take up to 14 days before they 
consume an appreciable quantity. Those that adapt quickly often consume large 
amounts of the block, although intake appears to be fairly regular over 24 hours. 
Concern will then be expressed about the possibility of over-consumption of the 
block and therefore danger of ammonia toxicity. Cattle must be adapted to graded 
levels of urea increment in the block and in the case of sudden introduction of urea, 
restriction must be made to the daily intake of MNB. However, ammonia toxicity 
will not be a problem apparently because of the slow rate of intake. Bear in mind 
that MNB is best introduced to animals that are not hungry (for example, in the 
evening after a day of grazing or after the roughage portion of the diet is eaten). 

4.  Recommendations for block effectiveness
• The blocks must only be used to solve practical problems encountered by 

farmers, for example the lack of a nitrogen source particularly when animals 
are fed on fibrous crop residues or poor quality pastures. 
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• The quality of the block must be consistent. If the block is too soft, there may 
be risks of toxicity resulting from the high intake of urea. However, if it is too 
hard, the intake will be too low to have any effect on the animals.

• Farmers must obtain financial benefits from their investment in the technology, 
which would depend upon the cost of the various ingredients as well as the 
price of the products (milk, meat, work and so on).

Contact details of the presenter and generators/promoters 
of the technology or innovation

Name and contact of the organisation: Ethiopian Institute of Agricultural Research 
(EIAR), PO Box 2003, Addis Ababa, Ethiopia. Tel: 251-11-6460380; Fax: 251-11-
6461251   

Name and contact of presenter: Driba Geleti, PO Box 2003, Addis Ababa, Ethiopia; 
Email: dgeleti2005@yahoo.com; Mobile: +251 911 339817

Name and contact of key scientists: Aemiro Kehaliew, PO Box 2003, Addis Ababa, 
Ethiopia; Email: aemirok@yahoo.com; Mobile: +251-911 05 06 84; Fax: + 251-112 37 03 
77

Driba Geleti, PO Box 2003, Addis Ababa, Ethiopia; Email: dgeleti2005@yahoo.com; 
Mobile: 0911339817

Plate 2.3: Making the MNB.
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Plate 2.4: Samples of completed MNBs.
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2.7

Enhancing  productivity of  local chicken 
under rural chicken production system 
(free range) through disease control, 
supplementation with non-conventional 
feeds, housing and breeding

Description of the technology or innovation
Local chicken production is a fundamental component of small-scale farm holdings in 
the arid and semi-arid lands of Kenya. They are a source of valuable high-protein food 
(eggs and meat) and generation of income for rural people. Farmers consider them to 
be the only animal species able to withstand drought conditions well, as evidenced 
by the comparative low mortality. Poultry is perceived as appropriate livestock by 
rural farmers, especially in arid and semi-arid lands (ASALs), when viewed in terms 
of its ability to scavenge for most or all of its nutritional requirements. The estimated 
population is around 30 million in Kenya, 75% of this being indigenous chicken. This 
resource is found in every household, therefore there is no reason why it can’t be used 
to improve the livelihoods of farmers in the arid and semi-arid lands of Eastern Kenya.

Key constraints to local chicken production in the ASALs are predation (by both 
aerial and terrestrial predators), diseases, pests, housing and nutrition. Under the free 
range production system, which is widely practiced by a majority of households, the 
Kenya Agricultural Research Institute (KARI) has tested and promoted a technological 
package in ASALs of southern Kenya (Makueni, Machakos and Kitui Counties). The 
package entails simple farm-level technologies aimed at reducing chicken mortality. It 
includes disease and pests control, housing and supplementation with locally available 
feed ingredients. The houses provide shelter for brooding hens, eggs and chicks. They 
are constructed using local materials like wood, reeds, thatch grass, clay or bricks. 
Types of houses recommended include basket housing for the chicks, and slatted and 



deep litter houses for the hens. A chicken run, which is a fenced area, is used to confine 
and protect chickens against predators during the daytime. The messages that go with 
these technologies are: 1) use ash and acaricides to disinfect and kill parasites from 
the walls and cracks regularly; 2) clear all grass and bushes three metres around the 
house to keep rats and snakes away; and 3) vaccinate chicks against Newcastle Disease 
(NCD) at least one month after hatching and every six months for other age groups. 
Supplementation, especially in the dry season, can be in the form of ants/termites, 
cassava and the leaves of cowpeas, pigeon peas and leucaena.

Scaling-up approaches
Women are the main poultry producers. Men enter the value chain as traders, usually 
serving as apt middlemen, because poultry trading involves a lot of movement between 
homesteads in search of chicken. There are three levels of traders: i) those directly 
in contact with farmers (first-level traders); 2) those buying directly from first-level 
traders and based at the markets in small towns; and 3) bigger traders located in larger 
towns or cities like Nairobi. The first and second-level traders can be cut off depending 
on where the farmers are geographically located and their proximity to the road, the 
quantity and quality of birds, market information and the farmers’ level of education.

Critical factors

• Awareness of the technologies—this can be accomplished through field days 
and mass media (radio broadcasting in local languages). Experience has shown 
that farmers realise the importance of addressing some of the things they took 
for granted, such as vaccination, constructing smooth walls on chicken houses to 
reduce the pest load and supplementary feeding, which can make a difference in 
the quality and quantity of birds and translates to better income.

• Changing farmers’ mindset from rearing chicken only as a source of subsistence to 
a more business-oriented enterprise.

• Training of indigenous chicken service providers (ICSP) on basic flock management, 
production, basic sales record-keeping and collective marketing. They in turn offer 
their services at a fee.

• Marketing groups – mobilisation and formation are necessary to enhance collective 
marketing.

• Credit services to facilitate the purchase of chicks and drugs.

• Linking farmers to organisations that can provide day-old chicks in large numbers.

• Training farmers in synchronised/continuous incubation and hatching.

Current situation and future scaling-up

Challenges
• Feed deficit for supplementation during the dry season

• Unorganised marketing
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• Conventional drugs, like the vaccine for the NCD, are only available in large doses 
for 100 birds, hence posing a constraint to majority of farmers who have small flock 
sizes

• Conventional drugs expensive

• Poor access to financial institutions

Recommendations

• Use of group approach; this is working out very well under an ongoing project in 
KARI—the Kenya Arid and Semi-Arid Lands (KASAL) Project

• Use the ICSP as well as other partners to reach many farmers with vaccines and 
information

• Use of incubators to increase production, especially having a uniform age of birds 
for ease of disease control, particularly NCD, and marketing

• Accessibility and awareness of product availability from agrovets

• Targeting agrovets to avail information about their products to the farmers

• Promoting of dryland crops (sorghum and green grams, grains and cassava tuber 
and leaves), use of blood and bone meal and termites as alternative feed.

Lessons learnt

• Use of group approach—the groups need to be cohesive, an issue that can be 
addressed by ensuring that issues raised by group members are the same as those 
raised by officials i.e. both share similar areas of priority (shared vision).

• Use of the value chain approach so that the farmers and research/extension team 
acquire prior knowledge on salient areas crucial for the success of the technology, 
for example ideas on market availability/location would exclude over-reliance on 
middlemen who offer low prices.

• All stakeholders along the indigenous chicken product value chain should be made 
aware of their roles.

Gender considerations
Encouragement on the use of small, manually-operated grinding machines for feed 
grains that women and children can easily operate.

Contact details for further information
Name and contact of the organisation: Kenya Agricultural Research institute (KARI), 
PO Box 57811-00200 Nairobi, Kenya; Email: director@kari.org; Tel: +254 20 4183301-20; 
Fax: +254 20 4183344; Mobile: +254 722 206 988, 722 206 986, 733 333 223, 733 333 224

Name and contact of presenter: Dr. Harun Maina Warui, PO Box 340 90100 Machakos, 
Kenya; Email: harunwarui@gmail.com; Telephone: +254 20 2338162; Fax: +254 20 
2311449; Mobile: +254 716 508850
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Name and contact of key scientists: Mr S Malo Nzioka, PO Box 340-90100, Machakos, 
Kenya; Email : malonzioka@yahoo.com; Telephone: +254 20 2311437; Fax: +254 20 
2311449; Mobile: +254 733 268856

Name and contact of key partners: Ms Janet Kithome, Women and Children Alternative 
Lives, PO Box 73, 90138 Makindu, Kenya; Email: wacalkenya@yahoo.com; Telephone: 
+254 20 2389828; Fax: N/A; Mobile: +254 721 498365, +254 733 877705

Plate 2.5: Farmers making rations using a hand grinder.

Plate 2.6: Indigenous (local) chicken.
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Plate 2.7: An improved traditional daytime chick house.

Plate 2.8: Chicken in an improved traditional house.
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Plate 2.9: Improved chicken house with raised floor and a feed trough.

Plate 2.10: Improved chicken house.
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Plate 2.11: Farmers being trained in constructing a feeder.

Plate 2.12: Well-managed indigenous chicken.

Plate 2.13: Indigenous chicken growers being fed on a home-made ration in 
Makueni, Kenya.
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Annex 2.1
 Local/indigenous chicken the answer

The poultry population in Kenya is estimated at 29 million, 75% of which are indigenous 
chicken. Every rural household has chicken and the biggest question is, why farmers 
do not use this resource to improve their livelihood and hence reduce or eradicate 
poverty.

Rearing indigenous chicken as a business 
Account for any time spent.
Consider the market and target to increase productivity by doing the following:

A farmer feeding chicks in cages, a form of daytime chick housing.

1. Feeding
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With adequate feeds and good management chicken grow faster and attain market 
weight (1.5 kg and above) in about 4 months. Remember to give them a lot of fresh 
water daily.

2. Disease control

• Prevention is better than cure. Make sure your chicken live in an hygienic 
environment.

• The most important disease is Newcastle disease, a viral infection with no cure. A 
vaccination schedule is available. 

• Dust the house against ectoparasites.

• Deworm against endoparasites.

• Consult your nearest livestock/veterinery office.

3. Housing

Simple rules for good housing 

• The house should be easy to enter and easy to clean, minimum height 6 feet.

• The windows should be opposite each other, parallel to the wind direction. 

• The house should be rainproof and cool inside 

• Place the perches and nests inside the house

• Build the house near the homestead for security purposes

A well-kept house contributes to healthy chicken

4. Breeding

What is breeding?
• It is the process of mating to produce offspring with certain required characteristics.

• Select beginning stock cocks and hens and then hatching eggs. 



5. Collective marketing

When a group of farmers come together to sell their chicken, this is called “collective 
marketing”. To collectively market chicken, members of the group need should:
1. Agree to sell together.

2. Collect information about the market such as price, quantity and quality demanded.

3. Find a buyer and negotiate prices and other terms including a contract.

For more information contact the nearest livestock office or: 

S Malo Nzioka
Kenya Agricultural Research Institute, Katumani Centre
PO Box 340-90100
Machakos, Kenya
Phone +(0)20 2311437
Email: karikatumani@yahoo.com
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2.8

Enhancing post-harvest storage and 
quality improvement of crop residues as 
livestock feed in arid and semi-arid areas

Introduction
Ruminant livestock is the mainstay of a majority of smallholder rural farmers in 
the ASALs. Therefore, any factor affecting livestock production has far-reaching 
consequences on the livelihoods of communities living in the ASALs. Although 
livestock mainly rely on natural forages, crop residues such as cereal straws (maize, 
sorghums and millets) constitute a major feed resource after crop harvests. However, 
crop residues are inefficiently utilised partly due to their inherently low nutritional 
value and poor post-harvest management practices adopted by farmers. Livestock are 
subjected to severe nutritional stresses that not only affect milk production and live-
weight growth but also lead to loss of animals, especially during dry seasons, with 
serious implications on livelihoods. Conservation and improving the quality of crop 
residues are therefore good buffers to help farmers reduce vulnerability and sustain 
nutritional, environmental and financial security during times of change including 
severe climate variability such as prolonged droughts and floods. 

Description of the technology or innovation
Technologies aimed at improving storage and quality of crop residues for use as 
livestock feed have been tested and promoted in Mbeere, Tharaka, Nanyuki and Kitui 
counties of Kenya, which are characterised by arid and semi-arid conditions. These 
areas of eastern Kenya are mainly inhabited by resource-poor farmers. The region 
has intrinsically low soil fertility and poorly distributed bimodal rainfall patterns. 
Droughts are a common phenomenon. Crop production, which mainly comprises 
sorghums, millets and maize, is at subsistence level. Livestock is the main source of 
cash income. Average farm sizes are variable, averaging 0.5 to 40 ha. 



The technologies entail: 

1. Use of appropriate post-harvest storage practices for crop residues (e.g. maize 
stover) by use of wooden tripods while in the field, or storage inside sheltered 
sheds. These practices help to reduce nutrient loss due to rainfall, wind and termite 
attack. 

2. Use of the appropriate gender-friendly baling box to ease in transportation and 
storage of the rather bulky crop residues. The baling box is a collapsible type 
named “jisaidie” (self-help) . It deviates from the traditional baling box that results 
in much drudgery and is therefore unsuited to women and children. The box can 
be easily managed and used by one person.

3. Improving the quality of the crop residues for feeding the livestock by treating 
with urea.

Scaling-up approaches
The technologies developed are applied by ASAL communities keeping local breeds of 
cattle and shoats in the designated areas where technologies were promoted. However, 
there is increased emergence of improved livestock rearing systems involving exotic 
cattle and goat breeds. There is therefore a greater need for improved feeds due to the 
higher genetic potential of the breeds.

Critical factors

1. Adequate agricultural reforms/support: Strengthen and expand knowledge-
intensive extension system to enhance scale of reach by extension personnel to 
communities but also be able to articulate broader issues of climate change and 
variability.

2. Policy support:

• Support aimed at improving access to credit providing institutions, markets 
with good prices, and improvement on relevant infrastructure. 

• Subsidising costs of inputs needed for storage structures and treatment, 
accessing affordable credit at local level and ensuring that markets for livestock/
products and infrastructure function well so that ratio of prices of inputs to 
outputs at farm level is sufficiently low and will attract greater adoption of 
technologies.

• Government should enhance the capacity of the ASALs to cope with effects 
of adverse climatic changes (droughts, floods) by providing buffers such as 
strategic feed reserves of crop residues and paying greater attention to resource 
conservation including community mobilisation in the policy papers.

• Government should enhance literacy levels of local communities in ASALs, 
including adult education, to improve local capacity for technical knowledge.

3. Farmer capacity: existence of a literate community is essential to enable members 
to articulate technical aspects of the technology such as the need for post-harvest 
storage, urea treatment and supplementation and strengthening capacity for 
knowledge sharing at the grassroots. 
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4. Research/extension focus:

• Engaging farmer participatory research–development proces from identification 
of constraints and development of interventions to implementation and (re)
evaluation are critical elements to consider.

• A paradigm shift is required from a focus on production aspects alone to 
multifunctional approaches that enhance farmers’ capacity for resource 
management to cope with emerging challenges of climate change.

• Understanding the vulnerabilities and constraints faced by livestock farmers will 
help address their needs better, including development of appropriate interventions 
for promotion of technologies.

• Facilitate establishment of strong stakeholder forums; these are very useful in 
catalysing dissemination due to the comparative advantage in terms of shared 
resources which make these more efficient and ease transfer of technologies.

Current situation and future scaling-up
Challenges
• Inadequate understanding by potential beneficiaries of the full range of benefits of 

the technologies, consequently technologies do not generate much interest among 
the target groups. Benefits should range from socio-economic, environmental 
conservation, ecological resilience/sustainability to overall livelihoods change.

• Inadequate capacity to promote technologies in terms of poor technical capacity 
among farmers and extension staff and shortage of extension staff, coupled with 
inaccessibility to farmer-friendly extension materials.

• Cultural beliefs that underrate feed value of crop residues, subjecting these to 
alternative uses. Cereal straws are extensively used as mulches, trash lines along 
contours for soil and water conservation, and sources of household energy (cooking 
fuel). 

• Unavailability of water resources adversely limits the component of urea treatment 
of crop residues.

• Lack of capital, especially cash income for purchase of inputs such as urea for 
treating crop residues or investing in appropriate storage facilities.

• Crop residues are generally poorly utilised where land tenure rights are not defined 
(customary grazing arrangements), since most feed is obtained from outside farms.

Recommendations
• Provide adequate information during promotion of technologies on benefits 

accruing to the entire production system ranging from socio-economic, 
environmental conservation, ecological sustainability/resilience to overall 
livelihoods transformation.

• Build local institutional capacity through technical empowerment of farmers, 
regular extension staff and other partners as sustainable technical support 
especially in processing (urea treatment).

• Forge proactive linkages among farmers, researchers and extension personnel. 
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• Establish informal farmer linkage groups at grassroots level, such as farmer 
extension groups (FEG). 

• Appropriate farmer-suited extension materials should be developed and 
disseminated widely. 

• Promote the technologies through an integrated resource management approach 
/practice to enhance sustainable productivity increases and provide capacity to 
beneficiaries for climate change adaptation and variability.

• Create/promote consortia of strategic partnerships and facilitation as platforms for 
widespread dissemination of technologies.

• Adopt a multifunctional approach to reduce the need for crop residues for 
alternative uses through the integration of multipurpose agroforestry trees in the 
ASAL agroecosystems, especially leguminous species. These will not only provide 
complimentary fodder, but their use as contour hedgerows will replace trash lines 
thus releasing more material for livestock feeding. Agroforestry systems sequester 
carbon and provide a unique opportunity to reconcile the objectives of adaptation 
to and mitigation against climate change and variability.

• Farmers’ capacity for use of local adaptable tree species for fodder (such as Acacia 
tortilis and A. albida) should be strengthened.

• Government should provide a conducive policy environment that includes 
subsidising cost of inputs and facilitating access to rural credit through micro-
financing that will enable investments in areas such as construction of storage 
facilities and make urea treatment of crop residues more affordable.

• Water harvesting initiatives should be promoted to access water for livestock 
feeding and complimentary use in urea treatment of crop residues.

Lessons learnt 
• Involvement in collaborative activities by many stakeholders providing different 

technologies helps to attract wider groups of beneficiaries as has happened during 
collaborative agricultural field days. 

• Facilitating the establishment of farmer-centred extension approaches (farmer 
networks) helps to increase critical mass of interaction among potential beneficiaries, 
including those outside the initial technology testing areas.

• Engaging in other non-traditional methods such as use of print and audio media 
has far-reaching impacts on the promotion of technologies.

• Forging strategic partnerships with other stakeholders, especially non governmental 
organisations (NGOs) and facilitation provides a good platform for catalysing 
widespread dissemination of technologies.

• Scaling-up of technologies is influenced by the perceived benefits accruing and 
observable by other farmers, and it therefore becomes necessary to showcase 
technologies through various forums such as farm visits, field days, demonstrations 
and agricultural shows.
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Gender considerations
• Encouraging the inclusion of women and youth in training and other activities 

aimed at evaluation and promotion of technologies.

• Targeting end users in research, taking on board aspects that may hinder adoption 
given the extra roles and responsibilities of women. Special consideration was given 
to aspects related to: a) water access, given that the component on urea treatment 
requires water; b) practicality in baling of the crop residues to ease transportation 
and storage; and c) access to complimentary feed resources such as fodder trees 
that can be grown within farms thereby making forage readily harvestable.

Application guidelines for users
1. The maize stover is chopped, weighed to 100 kg and spread on a polythene sheet 

or tarpaulin. 

2. Water measuring 4 to 5 litres in a watering can or garden sprayer is then mixed 
with 400 to 500 g urea and sprayed on the crop residues. 

3. The treated materials are compacted inside a polythene or plastic bag, which is 
tied and kept for one to two weeks after the treatment, after which it is ready to be 
used as feed.

The following photographs illustrate different aspects of the technology.

Plate 2.14: Poor storage practices common on most farms leads to weathering 
and loss of nutrients.
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Plate 2.15: Simple post-harvest storage facilities for crop residues protects 
materials from harsh weather conditions.

Plate 2.16: Post-harvest drying/storage technique for maize stover using wooden 
tripod.

146



Plate 2.17: Traditional baling box that is labour intensive.

Plate 2.18: The gender-friendly baling box for crop residues is much easier to 
use than the traditional type, as shown in Plate 4.
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Plate 2.19: Urea treatment of maize stover improves nutritive value.

Contact details for further information
Name and contact of the organisation: Kenya Agricultural Research Institute (KARI); 
PO Box 57811-00200, Nairobi; Email: director@kari.org; Telephone: +254 20 4183301-
20; Fax: +254 20 4183344; Mobile: +254 722 206988, 722 206986, 733 333223, 733 333224

Name and contact of presenter: Harun Maina Warui; PO Box 340 90100 Machakos, 
Kenya; Email: harunwarui@gmail.com; Telephone: +254 20 2338162; Fax: +254 20 
2311449; Mobile: +254 716 508850

Name and contact of key scientists: Erastus M. Kiruiro; PO Box 27 Embu, Kenya; 
Email: emkiruiro@yahoo.com; Telephone: +254 68 31116/31873; Fax: +254 68 30064; 
Mobile: +254 722 303 881

Name and contact of key partners: Meru Dryland Farming Project c/o Resource 
Projects Kenya, PO Box 2001-6200, Meru, Kenya; Email: knjenga@plansonline.net; 
Telephone: +254 164 31183; Fax: +254 164 30884
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2.9

Community-based breeding programmes 
for small ruminants

Introduction
Climatic variability and the associated risk of crop failures has increased, causing 
significant rural populations to depend on food aid. One way to improve farmers’ 
resilience is to diversify income by fully utilising the productive potential of adapted 
small ruminant genetic resources. According to FAO (2008), Ethiopia is estimated to 
have 26 million sheep and 21 million goats distributed within, and hence adapted to, a 
diverse range of agroecological zones of the country. More than 99% of these are owned 
by smallholders and are used as a source of income and protein (meat and milk), as well 
as non-food products like manure, skins and coarse wool. Sheep and goats are sources 
of risk mitigation during crop failures, property security, and monetary saving and 
investment in addition to many other socio-economic and cultural functions, means of 
saving and social security for the rural poor (Tibbo 2006).

Lack of genetic improvement programmes, increasing feed scarcities and poor flock 
health, coupled with weak infrastructure and inadequate animal health delivery 
systems in marginal areas, are major constraints to achieving economic sufficiency. 
Studies show that indigenous sheep breeds have significant between- and within-breed 
variation for growth and survival that can be exploited and improved through selective 
breeding, allowing productivity per animal to be improved. Within-breed selection 
programmes based on proven approaches from developed countries, and importation 
of exotic breeds for breed replacement or crossbreeding, have generally failed. There is 
an urgent need to design a suitable breed and productivity improvement programme 
that suits the needs and wishes of smallholders for developing countries.

Description of the technology or innovation
Scientists introduced a new approach involving local communities and institutions 
in the design and implementation of breed improvement programmes. The studies 
revealed that farmers inadvertently sell their best fast-growing (breeding) animals, 
resulting in negative selection within the local breeds partly because of small flock size 
and cash poverty, which hamper their ability to strategically plan replacement stock. 



An ongoing community-based breeding programme in eight communities with 10,000 
registered Afar, Bonga, Horro and Menz sheep breeds on-farm is reversing this trend 
and increase the productivity of local breeds, initially by retaining selected best young 
rams and rotating them among group members (livestock keepers), sharing the costs 
of keeping these rams within the group. The project involves local communities and 
stakeholders in designing a holistic research-for-development programme considering 
the science of genetics, animal health, feed resources, socio-economics and marketing, 
and institutional arrangements, and is generating an information providers’ guide 
(IPG) to be replicable in other developing countries.

The proposed technique could be scaled-up in Ethiopia and other similar settings in 
developing countries.

Scaling-up approaches
The users of the innovation include livestock keepers (smallholder farmers and 
pastoralists), public and private enterprises through partnerships in mutton and live 
animal trading (including exports), leather factories, microfinance institutions, local 
and export abattoirs, national agricultural research systems, development institutions, 
agricultural universities, non-governmental organisations and policy makers.

The approaches used to disseminate and reach the users of the technology or innovation 
included training of national researchers at MSc and PhD level, on-the-job training for 
researchers (group and individual trainings), and conducting research trials using the 
proposed techniques.

Critical factors for successful promotion and wider 
adoption
• Motivation and interest of research partners

•  Enabling policies

•  Commitment of the Government of Ethiopia in support of the project with direct 
benefit to smallholders

•  Participation of young scientists

•  Continuous feedback to fine-tuning the protocol and ease of use of the technology

•  High participation of farmers, and interest of research and development partners

•  Involvement of key stakeholders right from the start

•  Use of participatory tools and the appropriation by farmers of their own breeding 
plan, disease control schemes and improved feed resource base

•  Motivating, organising and training of farmers including awarding of best 
performers

•  Commitment of scientists to make an intelligent balance of genetic principles 
and consideration of practical aspects, as well as flexibility to accommodate other 
emerging interventions during the project lifetime, such as feeds and health issues
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•  Recognition of and respect for indigenous knowledge as well as experience of 
farmers in solving their own practical problems in the process.

Current situation and future scaling-up
Challenges encountered with respect to further dissemination, adoption and scaling-
up/out are as follows: 1) top-down ‘cooperatives’ are viewed with suspicion and are 
not easily accepted at the start; 2) sustainability of the project is uncertain as the genetic 
progress takes time and is not easy to demonstrate in the short term (at least four to 
five years for sheep and goats), since it takes a long time for livestock breeding to 
produce results while the funding period usually lasts on average three years. For 
small ruminants, a minimum of five years is required to show clear genetic progress; 
3) farmers tend to sell their fast-growing male animals because of cash poverty which 
results in negative selection as mediocre animals are left to pass on their genetic 
material; organising farmers into breeders’ group is not always straightforward as 
there is a need to innovatively analyse institutional set-ups and social networks and 
look for opportunities that unite them as a community. Planning for such a programme 
should be done together with the community from the start; 4) community-based 
programmes may not be suitable for all situations—programmes should be tailored to 
each situation to make them sustainable over time; and 5) lack of effective institutions 
could be a challenge as was the case with one of the four project areas.

Following are recommendations for addressing the challenges:

1. There is a need to train and build trust between livestock keepers and government, 
and discuss the approaches and benefits right from the start. Livestock keepers 
should be made aware right from the start about the programme, with particular 
regard to the problems of small flock size, the absolute necessity of unity to 
maximise the benefits from the science of animal breeding. Proper training, 
motivation and full engagement in the programme should be instituted through 
trusted communication channels (traditional leaders, respected elders) in a truly 
participatory manner.

2. Donors should be made aware of the time frame required to realise impact in a 
long-term investment. The team innovatively created a revolving fund through 
purchasing and giving back the best selected rams from the project members. The 
breeding rams are collectively owned and when sold will be replaced by the newly 
selected rams from flocks of participating members. Other interventions such as 
improvement of feed resource base and feeding as well as health of the animals 
will have a clear impact in the short term. A combination of such interventions 
with the breeding programme would have greater impact and acceptance by the 
end users. We requested, for example, a no-cost extension of one additional year 
which allowed us to see the first lamb crop of the selected rams. Awarding best 
performing farmers could create interest and competition among farmers which 
leads to the desired programme goals.

3. Organising farmers to share the cost of keeping the best rams and encouraging the 
culling of mediocre ones through value added activities such as fattening, targeting 
specific markets, would help farmers to attract better prices in collective marketing 
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while the retained good breeding animals would result in genetic progress in the 
communal flock.

4. Undertaking baseline studies to understand the system, preferences, production 
objectives and available institutions is critical to customise and design the 
improvement programmes based on priorities. Community-based improvement 
programmes in an agropastoral setting should be customised according to the 
local situation. Migration in search of water and feed was a major constraint to 
keeping the community together during dry season. In the system, however, 
agropastoralists do re-unite after the dry season is over—food for thought in order 
to address this system carefully. In the pastoral system, a different approach may 
be required which needs to be explored.

5. Close follow-up from the coordination office is important to make sure that the 
programme is running as planned and to ensure its continuity until it can stand 
on its own. Strengthening the capacity of existing institutions and facilitating the 
establishment of effective institutions would be beneficial.

Following are the lessons learnt about the best ways to get technologies or innovations 
used by the largest number of people:

•  integrate technical, policy and institutional options;

•  enhance participation by livestock keepers in the design/planning and innovation;

•  encourage, motivate, train, and award best livestock keepers;

•  community-based improvement programmes work where communities share 
resources such as grazing land, watering points and breeding animals;

•  breeding projects require initial funding and technical help, but should be planned 
to become self-driven;

•  farmers are innovative in finding ways to combine production and adaptation 
traits to their breeding stock;

•  match interventions to production system and understand systems;

•  start with a manageable programmes and move towards a more optimal situation 
as capacity builds.

Gender considerations
• Small ruminants are the species of the poor as large ruminants are not affordable 

by female-headed households.

• Involving women and men in the definition of breeding objectives allows capturing 
of important traits that would otherwise be missed.

• Increased family income due to improved animal productivity and better market 
access results in improved welfare and nutrition of children and women.

• Selection criteria for membership to include owners with small flock size.

• Promote participation of young women scientists in the programme.
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Guidelines for setting up community-based small ruminant 
breeding programmes in developing countries
Community-based small ruminant breeding is one of the best options for dealing with 
genetic improvement in small ruminants kept by smallholders in limited input systems. 
The approach provides an opportunity to sustainably improve productivity, maintain 
genetic diversity in situ, secure income and improve the livelihoods of smallholders in 
developing countries.

This guide is believed to serve as starting material for stakeholders who wish to 
pursue genetic improvement of sheep and goats in the context of community, where 
resources (grazing land, watering points, breeding animals) are shared. It provides 
guiding principles, the constituent elements and implementation of community-based 
breeding programmes.

Guiding principles

Genetic improvement in small ruminants requires effective and efficient animal 
(performance) recording and breeding strategies and should start by defining breeding 
objectives. The guiding principles and means to achieve the desired breeding objectives 
are available and depend on the complexity and capacity to use the path (see Figure 
2.2).

Figure 2.2: Guiding principles and pathway for community-based breeding 
strategy.

A breeding programme consists of the following elements: 1) production objective, 
which may vary according to target population and production system; 2) breed 
choice could lead to pure-breeding, cross-breeding or synthetic breeding; 3) breeding 
plan depends on breeding objective, selection criteria and mating system; and 4) 
the breeding structure to follow could be nucleus, open-nucleus or decentralised/
community based.
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For a community-based breeding programme, breeding objectives need to be defined 
through a participatory and holistic approach (production systems based). Planning 
of a breeding programme requires the active involvement of the community and 
should be based on their needs and capacity (ownership). Breeding structures could 
be built on already existing practices and community institutions. Adapting recording 
systems and plans to the capacity of the community is crucial for success and to ensure 
sustainability. Where feasible, integration of breeding programmes with existing 
community development programmes may be necessary.

Implementation
Before implementing a programme, choice of breed(s) is important. This requires 
knowledge of the breeds available for improvement through characterisation 
following the standards developed by FAO (1986). Likewise, knowledge of productive 
and reproductive performances of the breeds is important to decide which breed to 
consider and which traits to improve and pathway to follow. The process to design a 
community-based breeding programme may involve the process is given in Figure 2.3.

Figure 2.3: Process of designing a community based breeding strategy.

Selection of community
External aspects (which can be looked into while considering areas to work)

1. Market access
 Distance to market, transportation of products, quality of roads. This is also critical 

as the market, under our definition, is the driving force of this project.

2. Guard against possible impacts by other projects
  Irrigation, for instance, might result in more cropping and less livestock activities. 

A cross-breeding programme could jeopardise a breeding plan as farmers will see 
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impacts in the short term that trigger their interest and cause them to abandon or 
disregard the plan.

3. Synergies with other projects
 It is important to recognise that other concurrent stakeholders could be involved 

and let them also take part in the plan, for instance a development programme 
that could actually provide the enabling environment for realisation of the project 
ideas,

4. Government support
 Although this one applies to the whole sector and not to a specific community, 

consider also what are the local developments occurring in relation to policies, 
credits and following government priorities, for instance the development of 
abattoirs and feed-producing plants. 

5. NGO support 
 
Community aspects (now focusing on communities within selected area)

1. Sheep as priority
 How much of the income is from sheep? Set a minimum percentage for selection. 

It would be nice if a substantial portion of income was contributed by small 
ruminants.

2. The community have sheep (400 ewes or more)
 Consider the flock size distribution within community farms; preferable nearly 

equal distribution (avoid disparities: e.g. one farmer with 400 animals, several 
farmers with 10).

3. Communal/common grazing
 Communal grazing indicates that some collective activities already exist. Look into 

it to see the institutional set-up that could be maximised. 

4. Existing community champion
 This is very important in social and traditional structures in the region. He/she 

should be identified as the inside community-based facilitator to work closely with 
the project’s community-based facilitator. It is critical to identify this person as 
early as possible. This is why prior discussion with extension people, researchers 
who previously worked in the area and NGOs on the ground are consulted. It is 
likely that these people will know who is who.

5. Willingness/interest to participate in the project
 This is fundamental and would be centred on the discussion with the community 

collective activities such as milk collection, processing and marketing. For this 
there is a need to conduct a participatory workshop to establish a discussion with 
the community (an opportunity also to see how the potential champion performs).

Suggested steps to follow
1. Consult with extension people, researchers working in the area, former livestock 

specialist with knowledge of the area, NGOs and development projects. It would 
be useful to create an inventory of stakeholders. Let these people suggest the target 
communities to visit. This will cover part A.
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2. If possible, along with some of the people that already developed trust (provided 
they agree with our goals), visit the communities and organise a participatory 
workshop. This will serve to gather information on part B.

3. Document the whole process. 
 Case studies: Experiences from ram exchange in X, Y, Z communities 

Definition of breeding goals
Understand current and envisaged breeding objectives in relation to economic value 
of products and consumer preferences. To describe the production system, follow 
standards developed by FAO. To evaluate access to markets, identify constraints and 
opportunities, structures of local, regional, national and international markets. Use 
a set of tools to define breeding goals in a participatory way including choice cards, 
questionnaire survey and so forth.

To make an assessment of alternative breeding plans you may need to conduct 
simulation studies to measure genetic and economic gain under different scenarios. 
ZPLAN is used for this reason—consult BOKU partners (see contact address).

Developing adequate breeding structures 

This requires understanding of current and envisaged community breeding practices 
and social network analysis which allows understanding of the existing institutional 
arrangements.

Field implementation issues
• Organisational issues: structure of implementing team (researchers, extension, 

farmers)
• Consultation with community to select between alternative breeding plans
• Animal identification
• Recruitment of enumerator
• Definition of traits to be recorded

• Development of database

• Performance recording (comment on which traits to record)

• Evaluation of animals

• Selection of candidate rams (e.g. animal shows)

• Use of selected rams: ram exchange scheme

• Culling of unselected rams (value addition, for instance castrating, fattening and 
pooled marketing targeting specific market)

• Complementary services (supplementary feeding, forage development, 
conservation and utilisation of crop residues, urea treatment of straw, veterinary 
programmes) 

• Capacity building: farmers, extension personnel, researchers
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Monitoring and evaluation
For monitoring:

• regular feedback from beneficiaries is necessary
• timely corrective measures should be taken as appropriate 
• evaluate technical and operational activities of the project

To evaluate success of a breeding programme:

• assessment of breeding progress (genetic change at individual and systems level)
• economic gains from breeding programme 

Institutional and policy issues
Formal and informal institutions within and outside the community from case studies 
are indispensable to tackle the institutional problems. It is important to establish legal 
organisations, including options for forming cooperatives with the additional aim of 
facilitating market linkages (identification of appropriate markets for animals, access 
to inputs supplies) and facilitating access to credit, land and other resources (such 
as watering points). To maximise the likelihood of success it is important to foresee 
synergies with other development activities (government plans, NGOs). Policy issues 
supporting or affecting project implementation and impact should be dealt with 
carefully.

In conclusion, the strengths of the community-based breeding programmes are as 
follows:

• Designed according to the needs of farmers 
• Sustainability: involvement of farmers right from the beginning (ownership of the 

programme)
• Building on existing institutions and practices (communal grazing, ram sharing 

and so forth)
• Costs: less investment needed, cost shared among beneficiaries
• No external interference, except technical guidance and monitoring the progress

The challenges are:

• Benefits from breeding can only be seen in the long run, and may take four to five 
years

• Convincing beneficiaries could be difficult without other short-term accompanying 
interventions (animal health services, improving feed resource base)

• Commitment is required from government for technical support over a longer 
period of time

• Overcoming cultural taboos, such as payment for ram/buck service

• Livestock sector may not be a top priority for the government 
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• Other initiatives propose other approaches (e.g. cross-breeding) 

• Low literacy level of beneficiaries may limit its adoption

Contacts details for further information
Name and address of the key scientist: Dr Markos Tibbo Small Ruminant Scientist; 
Diversification and Sustainable Intensification of Production Systems Program; 
International Center for Agricultural Research in the Dry Areas (ICARDA); PO Box 
5466, Aleppo, Syria: Telephone: +963 21 269 12509; Mobile: +963 96 774 2192; Fax: +963 
21 221 3490; Email: m.tibbo@cgiar.org

Name and contacts of key partners:
Prof Johann (Hans) Sölkner, BOKU - University of Natural Resources and Applied Life 
Sciences Vienna, Department of Sustainable Agricultural Systems, Section Livestock 
Sciences, Gregor Mendel Str. 33, A-1180 Vienna, Austria; Telephone: +43 1 47 654 3271; 
Fax: +43 1 47 654 3254; Email: johann.soelkner@boku.ac.at

Dr Aynalem Haile, International Livestock Research Institute (ILRI); PO Box 5689, 
Addis Ababa, Ethiopia; Telephone: +251 11 6172333; Fax: +251 11 6461252; Email: 
a.haile@cgiar.org

Additional documentation
FAO [Food and Agriculture Organization of the United Nations]. 1986. State of the art 

in management of animal genetic resources. Section B. Methods for characterisation 
pp 347–358. FAO Rome.

Getachew T, Haile A, Tibbo M, Sharma AK, Sölkner J, Wurzinger M. 2010. Herd 
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objectives of livestock keepers. Livestock Research for Rural Development. Volume 22, 
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2.10

Mixed farming systems in livestock 
production to adapt and mitigate climate 
change

Introduction
This innovation aims to solve the problem of feed shortage during drought periods 
whereby tree twigs are cut and used as fodder for livestock.

The benefits of mixed farming systems can be summarised as follows:

• Within the context of climate change impact, trees are excellent carbon sinks (green 
gas) and this innovation increases plant population as carbon sink.

• Maximises marginal land use productivity (crops and livestock per unit area) as it 
can be practiced where the land cannot otherwise be used.

• Multipurpose trees are known to be very effective in improving soil structure and 
fertility. This increases the productivity of the land, hence improving food security 
in the semi-arid areas.

• Improved feed availability to livestock, particularly in the arid and semi-arid areas 
where cattle depend on protein-rich materials obtained from shrubs and trees (up 
to 33% in case of Sahel).

• Increased soil fertility and productivity by increasing access to sub-surface water 
and nutrients and through nitrogen fixation and leaf/fruits/root debris.

• Addresses the problem of soil erosion and fuel wood shortage.

• The twigs of trees are used as firewood, thus reducing the incidence of tree felling 
which results in drought and desertification.

Description of the technology or innovation
This is an agroforestry practice involving planting and maintaining multipurpose trees 
for animal feed during the dry periods or droughts in crop fields or in reserved areas 



to serve as feed banks. This can be done in the form of alley cropping or silvipasture. 

• Alley cropping
 Growing of multi-purpose trees in rows or other configurations while growing 

crops/fodder between the tree rows. Trees are planted in rows ranging from 2 to 
over 20 m apart with crops cultivated within the rows. Cash crops grown include 
beans, maize, cassava, pigeon peas, millet and sorghum. 

• Silvipasture
 Growing pasture or grazing livestock on the same piece of land as trees – establishing 

trees in existing pastures or establishing pastures within or under existing tree 
stands. 

 Arranged in unlimited combinations of pasture and tree components, enabling 
farmers to use all types of land that is not easily farmed by adopting more structured 
or mechanical methods. Crop trees such as coconut, palm, cashew, medicinal and 
others are intercropped with pasture.

• Fodder bank 
 Grown as borders around farmland or homesteads, fodder banks are usually 

situated on the unproductive portions of the land. Living fence trees, hedges or 
wind breaks are other forms of fodder banks where the trees that are planted have 
fodder value. Trees are frequently pruned to provide fodder, manure and firewood.

• Plantations
 Growing trees on a piece of land in monoculture for the purpose of establishing 

portions of forest, in this case fodder trees.

Like alley cropping, silviculture provides feed for livestock, and improves soil fertility 
and soil moisture. The innovation is important for its three major effects: increase 
of plant population as carbon sink; maximisation of marginal land use productivity 
(crops and livestock per unit area); improvement of feed availability for livestock.

These justify its application in the arid and semi-arid zones as it is useful in areas 
that experience a shortfall of forage and fodder in the dry season. It is an appropriate 
measure to mitigate climate change because it is cost effective, it assists in improving 
soil fertility which is critical in food and cash crop production in these areas, and trees 
have a deeper and better developed root system and therefore have better access to 
sub-surface water and nutrients. Silviculture also addresses the problem of soil erosion 
and fuelwood supply and provides insurance against climatic extremes.

Literature shows that the technology is well practised all over ECA. In Tanzania it is 
practiced in Central Zone (Dodoma, Singida and Tabora) where the farmers practise 
agropastoralist farming.

Scaling-up approaches
The technology is used by both agropastoralists and crop producers including small-
scale and large farmers in arid and semi-arid areas as a coping mechanism for livestock 
feed during the dry season. Large-scale farms under crops use silvipasture as a means 
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of weed control, for instance lablab in coconut and palm farms. There is a potential to 
claim carbon credits under the clean development mechanism set up by UNFCCC.

Two major approaches are being used: farmer field schools and farmer demonstrations 
at agricultural resource centres. In the farmer field schools, farmers are brought together 
and trained in practical tree planting and maintenance methods on a common plot 
under expert supervision. While taking care of this plot communally, each farmer also 
practices it individually at his/her family-owned land. In the demonstration approach, 
farmers are taken to a resource centre for two weeks and are taught both theory and 
practice of the intended innovations, and are thereafter provided with seeds to practice 
in their own fields. Follow-up is done by an extension officer/agent.

Critical/essential factors in dissemination:
• motivate farmers to adopt multipurpose trees as plantation, wind breaks, soil 

nitrogen fixation, fruits, shade or ornamental 

• farmers should adopt the innovation more readily when they view its multi-use 
possibilities

• include the possibility of increasing income by selling conserved feeds such as leaf 
meals, hay, fodder and grain production

• evaluate various tree species for use: Leucaena spp, Glaricidia, Moringa and local 
species

• develop various agronomical packages with consideration of farmers’ knowledge 
and interest.

Current situation and future scaling-up
Challenges in dissemination and adoption: competition between crop and livestock 
farmers for land and other resources resulting in conflicts; limited knowledge among 
farmers about tree and pasture planting, management and effective utilisation 
of pasture; unavailability of seedlings; water stress; plant diseases; appropriate 
agronomical packages for a particular community; unfavourable weather for tree 
planting or pasture establishment; bushfires and uncontrolled tree-felling.

Recommendations for addressing the challenges:
• conduct research on the most appropriate agronomical and utilisation packages, 

species combination, water utilisation and disease control

• build capacity of farmers in planting and caring for multipurpose trees 

• create awareness on the multipurpose uses of the trees and on the possibility of 
income generation from the activity

• create awareness on the various forms of silvipasture and its advantages

• upscale for leaf meal production and use in the total mixed rations

• integrate environmental education in all forms of education
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Lessons learnt about the best ways to get technologies or innovations into use:
•  integrate the technology with their already existing local knowledge

•  use a multi-sectoral approach to introduce the technology;

•  develop/establish viable markets for their products.

Gender considerations
The technology is gender friendly as it relieves women from the burden of searching 
for firewood, provides a comfortable working environment and reduces the need for 
weeding where pastures are used as a cover crop to control weeds and shrubs.

Application guidelines for users
Pastures and multipurpose trees should be planted according to recommendations 
in the literature. Spacing and type of species depend very much on the land type and 
intended goals. It is important therefore to consult experts for specification of species 
and available alternatives.

Contact details for further information
Name and contact of the organisation: Ministry of Livestock Development and 
Fisheries, PO Box 1952 Dar es Salaam Tanzania; Email: drd@ud.co.tz; utafitimifugo@
uahoo.com; Telephone: +225 22 2863358; Fax: +225 22 2863967 

Name and address of presenter: Dr Hurbert Naftal Lyimo, PO Box 1952, Dar es Salaam 
Tanzania; Email: hlnlyimo@yahoo.com; Telephone: +225 784 482404; Mobile: +225 784 
482404

Name and contact of key scientist: Dr Rashid Msangi; Pasture and Forage Research 
Station, PO Box 3, Kongwa, Dodoma, Tanzania; Email: msangirbr@yahoo.com; 
Telephone: +225 787 884838; Mobile: +225 787 884838

Name and contact of key partners: 
National Livestock Research Centre, PO Box 32 Mpwapwa, Tanzania 
Babati Farmers Resource Centre, PO Box 32, Babati, Arusha, Tanzania
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2.11

Use of biodigester as an environmentally 
friendly source of energy and climate 
change mitigation measure 

Description of the technology
Biogas digesters take organic material such as animal dung into an air-tight tank, 
where bacteria break down the material and release biogas – a mixture of mainly 
methane with some carbon dioxide. The biogas can be burned as fuel for cooking or 
other purposes such as to run a lamp, which consumes about 0.23 m3 of gas per hour 
to provide light equivalent to a 40 W light bulb. Most biogas plant users do not have a 
lamp due to the additional gas demand it creates, and the solid residue can be used as 
organic compost.

In the case of cow dung, the cow dung is thoroughly mixed with water in the ratio of 1:1 
and put in a sealed container (various containers depending on type). The containers 
are filled, leaving 10 cm at the top. The containers are fitted with slurry inlet and gas 
outlet pipes (Figures 2.4 to 2.9). The slurry is left to ferment, producing the methane. 
The methane is allowed to collect in the dead end of the container or in the gas reservoir 
if provided. After seven days the tap to stoves or any other device connected to the 
unit can now be turned on when required for use. The slurry is poured out after a 30-
day period and the container filled again. In some cases a slurry output is fitted at the 
bottom of the tank. 

Bio-digesters are of various types. The common plants consist of an underground brick-
built vessel with a ground-level inlet for new cow manure mixed with an equal amount 
of water (slurry) and outlets for gas and residue. Building a bio-digester begins with 
the excavation hole measuring 4 m in diameter, about 2 m deep at the bottom of which 
a concrete floor is cast. An outer wall is built up using bricks, with each circular row 
of bricks gradually leaning inwards to form a dome. A gas pipe made of galvanised 
steel is held in place in the centre by brick and mortar, and takes the gas to the biogas 
stove in the kitchen through a high density polyethylene (HDPE) pipe. The cow slurry 
is collected in an inlet tank at ground level and flows under gravity into the digester 



vessel. As the slurry flows in, an equal volume of digested residue is displaced into a 
ground-level reservoir at the outlet. All materials used are available locally, except for 
the gas burners and HDPE piping which come from elsewhere in shops situated in 
nearby towns (Figure 2.4). The digesters use mesophilic bacteria, which operate best at 
temperatures between 28°C and 36°C. It is important that the bacteria have sufficient 
time to break down the slurry, and the size of digester is chosen so that the slurry is 
held for an average retention time of 40 days. 

Plants can be constructed in different sizes to serve different market sectors including 
domestic (individual households) and institutions (schools, hostels, hospitals, hotels). 
Most domestic plants have a volume of 1, 2 and 3 m3, corresponding to manure from 
50 to 100 kg per day and 2–6 cows, and produce about 1 m3 of biogas per day, with a 
maximum input of 5 kg solids and 20 l water per day (Figures 2.4 to 2.9). The typical 
plant consists of the digester vessel and gas collection chamber floating over a pre-cast 
digester tank. In a simple form, the digester is usually prefabricated from ferro-cement 
and sunk into the ground. The gas holder is constructed from fibreglass reinforced 
plastic (FRP), weighed down with concrete to increase the gas pressure. It is advised 
to use waterproof cement in the construction of the digester tank (Figure 2.5).

A simple model of the portable digesters that stand on the surface, to allow construction 
where excavation is impossible or undesirable—for example, in the extreme clay soils 
that may cause the dome to crack easily—can be seen in Figures 2.6, 2.7 and 2.8. Cow 
dung is simply mixed with water from the slurry in a bucket and poured into the plant 
inlet, and no additional water is needed. On-site construction takes only about four 
hours (instead of four days) and semi-skilled or unskilled masons can easily install the 
units.

In all cases biogas gradually collects in the gas holder/chamber as the waste decomposes, 
and a pipe is used to take it to a special biogas stove in the kitchen. A valve is used to 
open and shut the flow, and a regulator varies the flame. The effluent from the plants 
is virtually odourless and has a high content of nitrogen, phosphorous and potassium, 
so it can be used as a garden fertiliser. 

Types of biogas unit in use

Figure 2.4: Example of a common type of biodigester.
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Figure 2.5: Example of a typical domestic plant.

Figure 2.6: Portable steel iron type.

Figure 2.7: Portable steel iron type with pressure device.
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Figure 2.8: Portable plastic drum/barrel type.

Figure 2.9: Simple but non-portable digester.

The problem the technology or innovation is aimed to 
address
• alternative source of fossil energy to rescue deforestation

• take-up of methane (green gas) to reduce green gas effects

• reduce carbon dioxide from the atmosphere (carbon sink)

• facilitate use of manure in crop fields to improve soil fertility and structure for 
increased production

Justification 
The technology/innovation is considered appropriate for promotion as best practice to 
respond to effects of climate change and variability in arid and semi-arid areas for five 
major reasons:
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• user and environment friendly

• cost-effective alternative source of fossil energy

• reduces methane going into atmosphere

• reduces deforestation hence maintaining or even increasing forests (carbon sink)

• facilitates use of manure in crop fields for improved crop production and hence 
livelihood.

Where tested in semi-arid or arid areas, the technology/
innovation has been adopted and utilised by beneficiaries
There are more than 1010 units currently in use in various areas of Tanzania covering the 
semi-arid areas of Southern, Central, Northern and Western Zones which cover a large 
number of districts. Most of the regions are semi-arid, occupied by agropastoralists, 
and there is very limited forest cover for firewood. Simple small-scale bio-digester 
units are used in these areas and the common farmer can easily install and maintain 
them, even with very limited water supply.

Scaling-up approaches
Small-scale farmers and non-farmers who obtain cow dung from the farmers in the 
arid zone, schools and other institutes as alternative source of firewood.

The use of biogas was first introduced in the humid areas where there is a tremendous 
need to save the forests and labour for firewood. This technology was then diffused to 
the arid zones through awareness creation by politicians and technocrats highlighting 
the advantages of using the gas. Farmer visits and study tours as well as on-station 
demonstrations were used as a learning approach for the farmers.

The critical and essential factors for successful promotion and adoption of the 
technology/innovation comprised: raising awareness about the importance of the 
technology on the environment as a cheaper, user-friendly source of energy; making 
available the necessary components for fully functioning units such as cookers, bulbs 
and the necessary connections; advocacy to the various users; and increasing end-
users’ capacity to construct and maintain the units for sustainability.

Current situation and future scaling-up
Challenges encountered with respect to further dissemination of the technology/
innovation, adoption and scaling-up/out were: 1) availability of accessories to ensure 
complete units (connections, stoves, appropriate gas tubes; 2) farmers’ ability to 
construct and maintain their units without outside intervention; 3) water availability 
in arid areas; and 4) adding value to the slurry for safe use as manure.

Recommendations for addressing the challenges consist of involving private 
manufacturers in the design of the units and quality of required materials; training 
farmers in the construction and maintenance of units, and producing manuals for each 
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type; adopting water harvesting methods and borehole technologies; and conducting 
research on value addition to the manure.

Lessons learnt about the best ways to ensure widespread adoption of the technologies 
consisted of introducing the technology along with other innovations such as simple 
stoves, dairy animals, use of manure as a source of nutrients for field crops, simple 
water borehole construction and an economical approach to maintaining the water.

Gender considerations
• One of the most important benefits that biogas brings to villagers is saving of time. 

About three hours per day used to gather wood and to cook (work done mostly by 
women) can be released for income generation and other purposes. It takes about 
75% less time to cook with biogas than with wood, so parents have time to engage 
in income-generation activities.

• Women can earn money by selling half their compost, and still have enough for 
their own land. Having their own source of income has enabled women to acquire 
small loans.

• Cooking with biogas instead of wood brings significant health benefits, especially 
for women. The reduction in smoke and soot reduces the incidence of respiratory 
complaints, eye problems and headaches. 

• The cookware is easier to clean and the house does not become so dirty. 

The technology is therefore gender friendly as it releases women from the burden of 
searching for firewood, provides a simple and efficient source of manure and decreases 
the family expenditure on energy, which in most local families falls to women. 

Application guidelines for users
• Biogas units are used to convert animal waste into a mixture of methane and 

carbon dioxide that can be used for lighting and cooking, and the digested residues 
applied as organic fertilisers in crop fields; this reduces the total amount of green 
gas going into the atmosphere.

• There is a possibility of claiming carbon credits under the Clean Development 
Mechanism set up by UNFCCC.

Contact details for further information
Name and contact of the organisation: Ministry of Livestock Development and 
Fisheries, PO Box 1952 Dar es Salaam, Tanzania; Email: drd@ud.co.tz; utafitimifugo@
uahoo.com; Telephone: +225 22 2863358; Fax: +225 22 2863967; Mobile: 784 482404

Name and contact of presenter: Dr Lyimo Hurbert Naftal, PO Box 1952; Dar es Salaam, 
Tanzania; Email: hlnlyimo@yahoo.com; Telephone: +225 784 482404; Mobile: +225 784 
482404
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Name and contact of key scientist: Prof P Lekule, PO Box 30000 Sokoine University of 
Agriculture, Morogoro, Tanzania; Email: lekule@yahoo.com; 

Name and contact of key partners: (a) Heifer International Tanzania, PO Box 1648, 
Arusha, Tanzania; Email: www.ango-tz.org; (b) Baptist Church, Private Bag, Singida, 
Tanzania; (c) CARMATEC Tanzania , PO Box 6122, Arusha, Tanzania; Telephone: +255 
27 2553214

Additional information
• Biogas units are used to convert animal waste into a mixture of methane and 

carbon dioxide that can be used for lighting and cooking, and the digested residues 
applied as organic fertilisers in crop fields; this reduces the total amount of green 
gas going into the atmosphere.

• There is a possibility of claiming carbon credits under the Clean Development 
Mechanism set up by UNFCCC.

• Biogas facilitates easy disposal of animal manure, leading to the village environment 
becoming cleaner.

• Biogas brings significant educational benefits for children, as there is more time for 
them to study. 

• The demand for organic farming increases the chance of more income from using 
the organic fertiliser from biogas.

• Without biogas, a rural family uses an average of 3.5 tonnes/year of firewood on 
a traditional stove. Firewood is becoming scarce because of pressure for land, 
and a biogas digester replaces the use of wood. A study for a clean development 
mechanism (CDM) project estimated that in general, an average biogas digester 
saves 4 tonnes/year of CO2 from the replacement of unsustainable firewood.

• Biogas programmes have created work and provided training to local people 
including masons and maintenance technicians who might otherwise migrate to 
the cities in search of employment.

The economy of biogas, training and support 
A typical plant measuring 3 m3 costs about £190. The amount varies between districts. 
To encourage the farmer, the project can pay up to 60% of the total cost with the 
remaining 40% being paid in kind by the farmer through the provision of sand, gravel 
and bricks for the construction, participating in the construction and providing food 
for the construction workers and their supervisors.

When a customer orders a biogas plant, a technician coordinates the work, arranges 
for materials to be delivered, organises training of the owners and checks the quality 
of the construction. The supervisor for that area will help the new user to become 
familiar with the plant operation and gives each user a maintenance manual.

The use of trained, local installation staff is essential to ensure the long-term reliability 
of digesters. The project may engage supervisors and masons from the local area 
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to do the installation. New recruits are often unemployed youth from families with 
biogas plants, so they come with practical experience of plant operation. They initially 
help the trained masons in their work until they have sufficient experience to work 
independently. Both men and women are trained as maintenance technicians. Use of 
local construction workers builds local knowledge of the operation and maintenance 
of biogas plants.
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2.12

Scaling-up of fisheries and aquaculture 
technologies/innovations to adapt to 
climate change and improve livelihoods in 
arid and semi-arid areas of Ethiopia

Introduction
Population growth, coupled with extreme climatic events or climate change, is 
expected to exacerbate food insecurity and the occurrence and intensity of future 
disease outbreaks in Ethiopia. The country has about 80 million people with a growth 
rate of about 2.5% and diverse agroecology in an area of about 1.1 million square 
kilometres. It is known that climate variability and extreme weather events, such 
as high temperatures and erratic rainfall events, are critical factors for crop failure, 
shortage of livestock feeds and consequently malnutrition, which leads to loss of many 
lives, especially in the lowlands. The arid and semi-arid areas of Ethiopia are food 
insecure and often require external sources of food supply. 

The Ethiopian government anticipated the impact of climate change and has been 
developing adaptation and coping strategies by launching integrated water resource 
development programmes. The recently constructed reservoirs for irrigation and 
hydropower generation such as Tendaho in Afar region, Gilgel Gibe in Oromia region, 
Tekeze in Amhara and Tigray region and Tana Beles in Amhara region are examples 
of these strategies. The programme provides an excellent opportunity to boost the 
country’s fish production through integrated aquaculture-agriculture farming, which 
could be a means of livelihood diversification and contribute to Ethiopia’s food security 
programme.

Description of the technology or innovation
The role of fisheries and aquaculture in reducing poverty and alleviating food 
insecurity at household level is enormous. The socio-economic importance of fisheries 



in lowering malnutrition by supplying high quality animal protein and generating 
income for rural communities is significant. However, capture fisheries worldwide 
have declined sharply in recent decades due to overfishing, aquatic pollution, 
mismanagement of fresh water, and habitat and shoreline degradation exacerbated by 
climate change impacts. It is apparent that the potential for aquaculture throughout 
Ethiopia is enormous. It has the potential to improve adaptive capacity and enhance 
resilience to climate change in vulnerable communities, compensating for variability 
and decline in capture fisheries. Therefore, aquaculture needs to expand sustainably to 
fill supply shortfalls as demand for fish for human consumption continues to rise. The 
country also has suitable culture fish species such as Nile tilapia (Oreochromis niloticus), 
African catfish (Clarias gariepinus) and common carp (Cyprinus carpio) which are widely 
farmed. In addition the riverine fishery resources, particularly in arid and semi-arid 
areas, are untapped, which can also complement the declining lake fishery. 

However, sustaining fisheries in the face of these challenges, and ensuring that they 
contribute to development as effectively as possible, will be more difficult as climate 
change persists. Similarly, realising the potential of aquaculture will require careful 
attention to climate change impacts and the constraints and opportunities they bring. 
Therefore, understanding the linkages between climate change, livelihoods and food 
security is critical for designing adaptation and coping strategies for diversification of 
sources of food and income through scaling-up of proven fisheries and aquaculture 
technologies.

Thus, the fisheries and aquaculture technology proposed for scaling-up is integrated 
aquaculture-agriculture farming systems. The following specific proven technologies 
are proposed for integration:

1. Tilapia monosex pond culture
 Tilapia is an important component of subsistence fisheries in many parts of the 

world. However, tilapia farming was constrained by its undesirable characteristics 
such as early sexual maturity and unwanted reproduction, which leads to 
production of small or stunted fish at harvest. Development of techniques to 
manage unwanted reproduction has spurred significant improvements that led to 
success in tilapia farming. Male tilapia grow faster and are more uniform in size 
than females. For this reason, the farming of monosex populations of tilapia which 
is achieved either by manual sexing, direct hormonal sex reversal, hybridisation or 
genetic manipulation has been reported as a solution to the problem of early sexual 
maturation and unwanted reproduction. It was found that male monosex culture 
increases production by 50% compared to mixed-sex culture in Sebeta ponds. The 
technology is also tested in ponds managed by farmers in Amhara Region, North 
Shoa Zone, Ataye District, Yemlo Kebele. Yemlo area is characterised as semi-arid 
with an altitude of 1500 m above sea level and average annual temperature of 
26°C. Accordingly, the technology is proven and promising for further scaling-up 
in similar agro-ecologies. 

2. Tilapia cage culture technology
 Cage culture technology is one of the aquaculture technologies which was 

developed in the Far East and spread widely around the world. The aim of cage fish 
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farming is to boost fish production per unit area. It has been practiced in different 
water bodies such as lakes, reservoirs, farm ponds, cooling water channels and 
river pools. Ethiopia has a high diversity of such water bodies to scale-up this 
technology in its arid and semi-arid areas. Cage farming has started to take root 
in East Africa, mainly in Kenya, Uganda and Ethiopia, which have increased 
production per unit area more than tenfold compared to their production using 
pond culture. Since the candidate species (tilapia) is also a warm water species, the 
technology could be scaled-up in arid and semi-arid areas with better production 
performance and a shorter production cycle. 

3. Culture-based fishery
 This is a form of extensive aquaculture conducted in small water bodies (reservoirs) 

and relies entirely on the natural productivity of the water body for growth, and 
artificial stocking for recruitment. This form of aquaculture has several advantages:

• it is less resource intensive

• it utilises existing water resources (as a secondary user)

• it is technically far less complicated than conventional aquaculture such as 
pond culture and cage culture and is therefore relatively easy to transfer to 
farming communities

• it is a communal activity with the potential to generate synergies within and 
between communities

• it is a sustainable strategy that will contribute to enhancing fish food supplies 
to rural communities, provide an additional avenue of income generation and 
generally contribute to poverty alleviation in rural communities.

 The contribution of culture-based fishery in Ethiopia has been very significant. The 
fish biomass produced through dissemination of culture-based fishery technology 
in the Koka, Fincha and Amerti reservoirs, as well as Melka Wakena in Oromia 
Region, Lakes Lugo (Hayk) and Ardibo in Amhara Region and Lake Hashengae 
in Tigray Region are among the chief success stories of the National Fishery & 
Aquaculture Research Centre (NFARC) in Ethiopia.

 The aforementioned results from the stocking programme therefore encourage 
the development and scaling-up of culture-based fisheries at a large scale in the 
recently constructed dams and reservoirs in the arid and semi-arid areas of the 
country. Some of the success stories about culture-based fisheries achieved by the 
centre are shown in Table 2.2.

4. Fingerponds technology: Seasonal integrated aquaculture
 Fingerponds constitute an innovative, semi-intensive technology aimed at 

enhancing wetland products based on the natural functions of wetlands and 
flood plains. Fingerponds are regarded as enhancement of the traditional fishery 
whereby local knowledge on the flood pool fishery is developed to meet the 
increased demand for fish proteins from the villages adjacent to natural wetlands. 
They are earthen ponds excavated in the fringe wetlands during the dry season. 
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The excavated soil is spread around the ponds to create raised-bed gardens for 
vegetable production.

Table 2.2: Fish production potential and estimated current level of production in 
fish-stocked reservoirs and lakes in Ethiopia (MoARD 2003)
Water body Area (km2) Annual production 

potential (tonnes)
Current production 

(tonnes)
Fincha and Amerti 350 2000 350
Koka 250 1500 1200
Melka Wakena 82 434 40
Alwero 74 394 79
Lugo (Hayk) 23 300 290
Ardibo 21 220 210

 The fish are trapped in the ponds during flood recession and manure and 
vegetable waste from the adjacent village are used to improve pond productivity. 
The advantage of this system is that it enhances diversity of produce as well as 
synergy between different components of the farming system. Pond water could 
be used to irrigate the gardens while the sludge from the pond bottom is removed 
during the dry season and spread over the raised beds as fertiliser. The flood pool 
fishery experience used for several decades in Gambella region following the main 
rainy season could be taken as a best-bet innovation in Ethiopia. Moreover, the 
fingerponds concept was also proved in East Africa, Ugandan freshwater wetlands 
in 2006 under the “integrated pond aquaculture in Lake Victoria wetlands” project 
where crop and fish production systems were well integrated. It is therefore 
possible to scale-up this technology in arid and semi-arid areas where the River 
Awash and Wabi Shebele crosses the Afar and Somalia region which are usually 
flooded during the rainy season and can make use of the flood water as a source 
of high quality protein to cope with climate change associated food shortages and 
malnutrition.

5. Fish feed and nutrition
 As in other forms of animal husbandry, feeds and nutrition are crucial elements in 

fish culture. Feed cost is considered to be the highest recurrent cost in aquaculture, 
often ranging from 40–60%. Hence, reduction in feed costs either through 
diet development or improved management is crucial to the development of 
aquaculture. Agro-industrial and agricultural by-products could be used as sources 
of cheap feed to grow fish. This has been mainly used in semi-intensive systems 
and showed remarkable results. Moreover, these residues are cheap and can be 
obtained by local farmers and low-income groups. Hence, formulated fish feed 
(called Sebeta diet 1 and 2) from locally available agricultural and agro-industrial 
by-products that enhance the growth of fish under controlled and semi-controlled 
culture systems has been developed at NFARC. It can therefore be scaled-up as a 
package with the aforementioned aquaculture technologies. 
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6. Best-bet indigenous practices/innovations
 Traditional riverine fishery practices already developed by the Agnuak and Nuwer 

people in Gambella region could extend to other lowland areas of the country such 
as Afar and Somalia without further research. Their fishing gear, post-harvest and 
floodplain management practices could be identified as best-bet innovations in the 
region. These practices helped them cope with the ever-present food shortages and 
have served as an adaptation strategy to climate variability for several decades.

Scaling-up approaches
• Sensitization and training of farmers, fishers around east and North shoat area 

and in Gambella region and the communities around reservoirs Koka, Fincha and 
Amerti, and Melka Wakena in Oromia region, Lakes Lugo (Hayk) and Ardibo in 
Amhara region and Lake Hashengae in Tigray region

• Attracting private sector to invest in aquaculture where potential exists. 

The critical and essential factors for successful promotion and adoption of the 
technology/innovation consisted of:

• Policy environment

- Ratification of National Aquaculture Development Strategy (NADS): 
aquaculture, particularly rural integrated fish farming, is identified as one of 
the strategic areas of intervention to address the problem of food insecurity and 
poverty in the rural areas and is considered as an important economic activity 
supporting diversification, integration and improvement in rural livelihoods. 
These opportunities are well recognised by the government and hence, for 
sustainable development of the market-responsive aquaculture industry, the 
National Aquaculture Development Strategy was ratified by MoARD. 

- Water harvesting

- Strong commitment from the government on water resource development 
programmes (for instance hydropower and irrigation schemes)

• Access to inputs and resources

- Seed (fry/fingerlings) supply free of charge

- Supply of improved fishing gear

- Supply of materials for cage construction

Current situation and future scaling-up
Adoption-related challenges

• Lack of awareness and knowledge 
•  Dependency syndrome
•  Culture of the society (most Ethiopians are meat/beef eaters)
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Scaling-up challenges

• Lack of input supply (seed, feed, fishing gear, hormones and chemicals)

•  Lack of processing, preservation and distribution facilities 

•  Lack of proper market channel

•  Lack of incentives such as credit 

•  Limited financial support

Key recommendations for addressing the challenges:

•  Awareness creation through different knowledge transfer mechanisms such as 
training, posters, leaflets, brochures, mass media, demonstration and field days

•  Arrangement of incentive mechanisms for investors who supply inputs

•  Provision of processing, preservation and distribution facilities 

•  Provision of credit and subsidies 

•  Networking

•  Establishment and strengthening of cooperatives

Lessons learnt in scaling-up the technologies: 
• Selecting and working with model farmers. Transfer of knowledge and technologies/

innovations is much easier through fellow farmers.

•  Reward system for outstanding farmers

•  Experience sharing 

•  Continuous training for development agents, experts and researchers 

Gender considerations
•  Equal participation of males and females in knowledge transfer trainings and 

events

•  Equal access to technologies

•  Unlike capture fishery, aquaculture provides employment or income-generating 
opportunities for women.
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Natural resources management technologies
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3.1

Connecting underutilised high value 
tree products to markets for enhancing 
livelihoods and adaptation to climate 
change in arid and semi-arid areas of 
Ethiopia

Introduction
The complex socio-economic and ecological conditions of the arid and semi-arid 
areas in Eastern and Central Africa (ECA) make it extra hard to address food security 
and improve livelihoods of people in the sub-region. Interventions that can provide 
diversified outcomes and simultaneously address aspects of both productivity and 
environmental integrity seem to be more promising (Lemenih and Teketay 2004; Worku 
et al. 20014). In Ethiopia, for example, the government is collaborating with various 
partners to promote livelihood diversification strategies, which integrate economic 
utilisation and environmental protection as a way to reduce the vulnerability of rural 
communities to and for coping with climate change and variability (Ethiopian NAPA 
2007). An example of such strategies is community based management of woodland 
resources for production and marketing of various underutilised high value non-
timber forest products (NTFPs). The products are in form of commercial oleo-gum 
resins, edible forest products (leafs, fruits and seeds), medicinal plants, bamboo and 
bee keeping products (Lemenih and Kassa 2011; Worku et al. 2011). These are products 
that can be produced in economic quantities in pastoral and agropastoral communities. 
Ethiopia has the largest oleo-gum resins bearing resources and is among the major 
gum-resins exporters in the ECA region (Lemenih et al. 2003; Worku et al. 2011). The 
gum-resin bearing resources are from diverse species and can be found in abundance 
throughout the arid and semi-arid parts of the country. Commercially important gum-
resin bearing species include 12 Acacia, 5 Boswellia, 17 Commiphora and 1 Sterculia 
species which produce gum arabic/gum talha, frankincense, myrrh and myrrh types 



and gum karaya. In total five types of oleo-gum resins are produced in the country 
(Worku et al. 2012).

However, the potential economic benefit has not been tapped sufficiently because of 
limited awareness, limited access to proper tapping techniques and poor market access. 
There are success stories of community based gum-resin production, processing and 
marketing in some parts of the country. In Somali Region organised women groups 
have processed oppopanax (myrrh type from Commiphora gudotti) into essential oil and 
bottled it. 

Description of the technology
The technology comprises NTFPs and their processing techniques. Apart from 
oleo-gum-resins and the tapping and processing techniques, moringa products and 
processing techniques are also NTFPs.

Oleo-gum resins
For oleo-gum resins, the technology comprises distillation equipment for value added 
processing (see Plates 3.4 to 3.6); and an improved labour saving tapping technique 
for frankincense production with enhanced recovery of the wounded tree. These 
techniques for tapping and processing ensure increased production per unit of labour 
and sustainable harvesting with less damage to the tree. 

Moringa 
The Moringa tree is probably the most underutilised tropical crop. The tree is native to 
India but has been planted around the world. Nutritional analysis shows that Moringa 
leaves are extremely nutritious. They contain larger amounts of several important 
nutrients than the common foods often associated with these nutrients. These include 
vitamin C, vitamin A, calcium and potassium. Moringa is fast growing tree that grows 
to 4 m (15 feet) in a year, reaching an eventual height of 6–15 m (20–50 feet). The tree 
grows easily from seeds or cuttings.

Commercialising Moringa has involved establishing its value chain, organising farmers, 
unemployed women and youth and training them in processing and marketing.

Assessment of scaling up approaches
The technologies can serve many landless rural youth, female-headed households, 
and farming households especially in the pastoral and agropastoral communities 
which normally depend heavily on these natural resources. Their children and 
women make their day-to-day livelihood from producing and selling these products. 
However, integrating these products into appropriate market niches would also serve 
communities outside the pastoral areas including urban landless people. Market 
intermediaries and export companies are also users of some the technologies. The 
national economies in ECA and the international community would benefit from 
increased trade of these natural products. Above all, as NTFPs integrate economic 
utilisation with environmental protection, it will benefit all humankind. 
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A critical factor for successful scaling up is to first understand the immense role 
and underutilised potential of NTFPs as a means for improving rural livelihoods, 
household income and self-employment. The various NTFPs are produced in remote 
rural areas and mostly used in urban areas. The process involves the pastoral and 
farming communities, unemployed urban youths (both women and men), public and 
private companies. This must first be understood. The following are the critical success 
factors:

• Linking production to markets, ensuring market for produces by creating demand 
among the urban communities and export companies.

• Organising the producers into cooperatives so that groups can attain economies of 
scale essential for commercialising the enterprise, mobilise resources and build-up 
bargaining power.

• Involving local and regional government and private institutions in the whole 
process of commercialisation of Moringa and oleo-resins.

• Using public media.

• Applying the value chain concept and value addition which involves processing 
and packaging.

• Mainstreaming these commodities within other development agendas.

• Conducting exhibition, training and participation of researchers and urban citizens 
in these events.

In the Ethiopian example, where pastoralist and agropastoralist producers were 
organised in cooperatives, trained and linked with existing markets, the producers 
generated a significant amount of income from production and sale of NTFPs. The 
households concerned were able to send their children to school, improve nutrition 
and enhance their social standing when compared to the producers who were not 
properly organised and trained. The organised and trained groups had improved 
bargaining capacity, access and connectivity to market. With these arrangements and 
with enhanced accountability, the trade volume increased, and continuous supply 
of products and sustainable management of the natural resources were assured. 
Scaling up should therefore, focus on involving the local pastoral and agropastoral 
communities and build their capacity to enable them add value to gum and resins and 
encourage supply of continuous and tradable volume. This can be done by building 
new cooperatives and strengthening existing ones and by linking the producers and 
processors to appropriate markets niches.

Current situation and future scaling up
Currently, Moringa is a marketed commodity in Ethiopia. Targeted at women, they earn 
Ethiopian birr 100/kg of leaf powder; this translates to up to birr 300–500 per week. 
The Ethiopian case study had three major components: 1) scaling up the established 
model value chain for commercialisation of Moringa production; 2) value addition and 
linking gum-resin producers to the appropriate market niches within the country; 
and 3) ensuring utilisation of the new tapping technology. These three components 
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together contribute to improving income generation, self-employment and sustainable 
management of the forest resources in arid and semi-arid areas.

Current technologies could be scaled up in arid and semi-arid areas of Ethiopia and 
other Association for Strengthening Agricultural Research in Eastern and Central Africa 
(ASARECA) countries with similar resource base and livelihood systems, mainly those 
in the Horn of Africa. Various studies, country and regional and sub-regional reports 
mention that gum-resin bearing species including Moringa are indigenous to almost all 
ASARECA countries (Anderson and Weiping 1992; Wickens et al. 1996; Chikamai and 
Odera 2002; Wekesa et al. 2010; Worku et al. 2011). Ethiopia, Kenya, Sudan and Tanzania 
are among the major gum-resin exporters. Generally, Eastern Africa is referred to as a 
gum belt where many trees that produce gum grow and countries in the region share a 
similar climate (FAO 2010). Thus, the technologies discussed can apply to all countries 
in the sub-region, and in Central Africa.

There are many actual and anticipated challenges in scaling out these technologies. 
They include: 1) attitude of the actors; 2) low level of awareness; 3) some policy issues 
(e.g. local policy, directives that do not promote benefits to and participation of local 
people); 4) limited capacity for seedling production; 5) scarcity of trained manpower 
at lower level; 6) illegal market due to weak links between peripheral markets and 
central markets; and 7) taboos surrounding participation in NTFP production and use.

These constraints can be addressed by: 1) enhancing awareness creation campaigns 
through training, workshops and stakeholder consultation meetings; 2) promoting 
private sector participation in seedling production, establishment and marketing of 
products; 3) building capacity of local level professionals; 4) rewarding champions 
at different levels; 5) setting up functional communication networks for information 
exchange; 6) arranging incentive schemes for Moringa growers (e.g. tax free land); 
7) finding potential partnerships with local and international organisations; 8) 
establishing gum-resin producing and marketing cooperatives and linking them with 
markets; 9) improving policies to ensure local communities participation and benefits; 
10) increasing research for development; and 11) mainstreaming the NTFP sub-sector 
into the main development agenda.

Lessons about the best ways to encourage many people to use technologies or 
innovations include: 1) working through cooperatives and establishing new ones 
as and when necessary for successful promotion of technologies, knowledge and 
practices; 2) identifying and promoting local institutions such as local administrations, 
women’s affairs departments, community based organisations (CBOs), private 
commercial firms (hotels, supermarkets and cafeterias), is a fundamental element for 
success in promoting technologies; 3) joint planning of all project activities to ensure 
commitment, transparency by participant stakeholders and target beneficiaries; 4) 
participatory monitoring and field supervision with members of local institutions are 
key to ensure proper implementation of planned activities and ensure achievement 
of desired changes; 5) establishing favourable friendly relationships with local 
administrators, elders and opinion leaders are key for successful implementation of 
technology promotion activities; 6) showing by doing, mainly from the research/expert 
and policy makers side; and 7) lobbying the private sector to engage and participate.
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Gender considerations
Women and youth are the most disadvantaged groups in Ethiopian society, especially in 
the arid and semi-arid areas of the country. This project involved unemployed women 
and house wives, youth and marginalised pastoral and agropastoral communities 
from production via processing to marketing of Moringa products and gum-resins. 
These targeted segments of the population are benefiting economically from their 
engagement in the project activities. Women and youth are organised into processing 
and marketing groups and have started to earn substantial income.

Application guidelines for users
The application and use of this innovation demands understanding of the overall 
nature of the commodities to be scaled up, key factors that affect absorption by end 
users, and how best the technology can be communicated to users. Thus, the following 
major steps should be followed: 1) participatory selection of appropriate technology 
recipients; 2) understand their attitudes, intentions and interests; 3) identify key barriers 
in space and time that might challenge technology transfer; 4) consider societal values 
(language, ethics, culture etc.); and 5) be transparent and participatory in all aspects 
and do not introduce overambitious messages.

Once these things have been ensured: 1) start building more trust and establish 
good relationships with all (do not further marginalise the already marginalised) 
stakeholders; 2) start stakeholder consultations at a smaller scale and expand slowly; 
3) any decision and agreement should be reached through participatory planning; 
4) provide samples and conduct training and capacity building; 5) try to understand 
participants’ view and interests and be keen to note their recommendations; 6) use 
local elders, respected people and local experts within the community who can be role 
models and lobby for and communicate the benefits of the technologies widely; 7) start 
exhibition and show up, plan for debate, discussions and brain storming and show 
things by doing; and 7) use various success stories and lesson learnt from other places.

Once all these steps are achieved, establish model cooperatives which include all 
interested stakeholders and loosely monitor and address issues and bridge gaps. 
Other things to do include allowing a few individuals to visit and learn from success 
stories from other places, ensuring there is integrity and trust among the stakeholders 
in model cooperatives and that proper documentation is done. 

Contact details for further information
Name and address of the organisation: Forestry Research Center, Ethiopian Institute 
of Agricultural Research, PO Box 30708, Addis Ababa; Telephone: 251-116460451

Name and address of presenter: Adefires Worku, Forestry Research Center, Ethiopian 
Institute of Agricultural Research, PO Box 30708, Addis Ababa; Email: adefires@yahoo.
com; Telephone: 251-116460451; Mobile: 251-911-120221
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Names and address of scientists involved in generating the technology: Adefires 
Worku, Kaleb Kelemu and Wubalem Tadesse; PO Box 30708, Addis Ababa, Ethiopia; 
Email: adefires@yahoo.com, kaleb_kelemu@yahoo.com, wubalemtw@yahoo.com

Additional information
Ethiopia has woodland resources that host diverse gum-resins estimated at between 2.5 
to 3 million ha (EFAP 1994; Kindeya 2003; Mulugeta and Demel 2004). The estimated 
annual gum-resin production potential of these woodlands resources is nearly 300,000 
tons (Table 3.1).

Table 3.1: Frankincense, myrrh/opopanax and gum arabic production potential 
in Ethiopia by administrative region 
Regional 
state

Type of 
oleo-gum resin

Estimated 
total area (ha)

Estimated potential 
production (tons)

Total 
(tons)

Afar (i) Olibanum, (ii) myrrh, 
popanax, 
(iii) gum acacia

65,000 (i) 250, (ii) 500, (iii) 600 1,350

Amhara (i) Olibanum, (ii) myrrh/
opopanax, 
(iii) gum acacia 

604,382 (i) 200,000, (ii) 1,192, 
(iii)1,800

202,992

Benishangul (i) Olibanum, (ii) myrrh/
opopanax, 
(iii) gum acacia

100,000 (i) 500, (ii) nd*, (iii) 700 1,200

SRS** (i) Olibanum, (ii) myrrh/
opopanax, 
(iii) gum acacia

150,000 (i) 2,500, (ii) 6,500, 
(iii) 1,700

10,700

Gambella (i) Olibanum, (ii) myrrh/
opopanax, 
(iii) gum acacia

420,000 (i) nd, (ii) nd, (iii) 1,100 1,100

Oromia (i) Olibanum, (ii) myrrh/
opopanax, 
(iii) gum acacia

430,000 (i) 6,000, (ii) 1,500, 
(iii) 10,000

17,500

Tigray (i) Olibanum, (ii) myrrh/
opopanax, 
(iii) gum acacia

940,000 (i) 57,700, (ii) 770, 
(iii) 2,100

57,700

SNNP*** (i) Olibanum, (ii) myrrh/
opopanax, (iii) gum acacia

70,000 (i) nd, (ii) nd, (iii) nd nd

Total 2,779,382 292,542 292,542
* nd: no data, ** Somali Regional State, *** Southern Nation, Nationalities and People.
Sources: EFAP (1993); Girmy (2000 cited in Wubalem et al. 2002).

Diversity of species that bear gum-resins
Ethiopia is not only known for its high potential of gum-resin production, but also 
because of the diversity of gum-resin bearing species (Adefires 2006; Gindaba et al. 
2007; Adefires and Dagnew 2008) (Table 3.2).
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Table 3.2: List of the major gum-resin bearing species of Ethiopia by genus
Boswellia Acacia Commiphora Streculia
B. papyrifera A. senegal var. senegal & var. 

kerensis
C. myrrha S. setigera

B. microphylla A. seyal Del. var. seyal and fistula C. africana S. stenocarpa
B. neglecta A. polyacantha C. habessinica
B. ogadensis A. sieberiana C. truncata
B. rivae A. drepanolobium C. boranensis
B. pirrotae A. horrida C. guidottii

A. mellifera C. erythraea
A. etbaica C. cyclophylla
A. oerfota C. corrugata
A. paoli C. hildebrandtii
A. stuhlmannii C. odia Sprague
A. dealbata C. schimperi

C. kua
C. serrulata
C. monoica
C. rostrata
C. confuse
C. terebinthina

Sources: Mulugeta et al. (2003); Adefires (2006); Mulugeta and Teshome (2006); Gin daba et al. (2007); Wubalem 
et al. (2007).

Contribution to livelihood and national economy
The socio-economic contribution of the gum-resin is not only significant in the 
livelihood of the woodland poor, but also for the well-to-do groups in Ethiopia. For 
example, based on the study conducted in Liben Zone, Somali Region, Mulugeta et al. 
(2003) found that collection and marketing of gum-resin contribute 32% of the annual 
household income of the local communities. In nearby Afdger Zone, Somali Region, 
Adefires Worku and Dagnew Yebeyen (2008) reported the contribution of myrrh as 
between US$175.00 and US$610 per household per year. In Borana Zone, Oromia, 
the contribution of gum-resins to household economy was US$310.5 and US$279 in 
Arero and Yabel districts. More importantly, these products were available when other 
livelihood options are either unavailable or scarce, implying their critical role as a 
safety net. Gum-resins are among the major forest exports in the country. 

For example, between 1996 and 2003, Ethiopia exported 16,019 tons of natural gum-
resins worth US$20,473,058. In 2008 alone, over birr 60 million was generated from 
gum-resins exports (http://www.ethioexport.org), implying the increasing trend of 
both revenue and export. Girmay (2000), however, reported that in the last decade an 
average of 2,928 tons of gums-resins were traded both on domestic and international 
markets each year with average annual revenue of birr 30.3 million.
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Moringa and its products
The Moringa tree has probably been the most underutilised tropical crop. The tree 
is native to India but has been planted around the world and is naturalised in many 
locales. In Ethiopia Moringa has been known only in Konso community as staple food 
and remained unknown and unutilised in the rest parts of the country. But during 
the last two years Moringa commercialisation activities have been conducted by the 
Forestry Research Center of the Ethiopian Institute of Agricultural Research (EAIR) in 
selected model woredas. Furthermore, awareness has been created in a few urban areas 
and markets have been created for unemployed women in the project intervention 
woredas. Remarkable results have been achieved and such successes can be scaled-up 
based on the experience gained from the Institute’s previous interventions.

Nutritional analysis shows that Moringa leaves are extremely nutritious (Table 3.3). 
They contain larger amounts of several important nutrients than do the common foods 
often associated with these nutrients. These include vitamin C, which fights a host of 
illnesses including colds and flu; vitamin A, which acts as a shield against eye disease, 
skin disease, heart ailments, diarrhoea, and many other diseases; calcium, which builds 
strong bones and teeth and helps prevent osteoporosis; potassium, which is essential 
for the functioning of the brain and nerves; and proteins, the basic building blocks of 
all our body cells. Moringa is an extremely fast growing tree. It can reach up to 4 m 
(15 feet) in a year, reaching an eventual height of between 6 and 15 m (20 and 50 feet). 
Moringa can be grown easily from seeds or from cuttings.

Analysis of Moringa pods, fresh (raw) leaves and dried leaf powder have shown 
them to contain proteins, carbohydrates, vitamins and various micro-nutrients. These 
nutrients obtained per 100 g of edible portion of moringa are shown in Table 3.3. 

Table 3.3: Nutritional content of Moringa pods, fresh and dried leaves 
Nutritional elements (per 100 g of 
edible portion)

Pods Leaves Leaf 
powder

Moisture (%) 86.9 75 7.5
Calories 26 92 205
Protein (g) 2.5 6.7 27.1
Fat (g) 0.1 1.7 2.3
Carbohydrate (g) 3.7 13.4 38.2
Fibre (g) 4.8 0.9 19.2
Minerals (g) 2 2.3 -
Calcium (mg) 30 440 2003
Magnesium (mg) 24 24 368
Phosphorus (mg) 110 70 204
Potassium (mg) 259 259 1324
Copper (mg) 3.1 1.1 0.57
Iron (mg) 5.3 7 28.2
Sulphur (mg) 137 137 870
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Table 3.3 continued.
Nutritional elements (per 100 g of 
edible portion)

Pods Leaves Leaf 
powder

Oxalic acid (mg) 10 101 16%
Vitamin A, β carotene (mg) 0.11 6.8 16.3
Vitamin B, choline (mg) 423 423 -
Vitamin B1, thiamin (mg) 0.03 0.21 2.64
Vitamin B2, riboflavin (mg) 0.07 0.05 20.5
Vitamin B3, nicotinic acid (mg) 0.2 0.8 8.2
Vitamin C, ascorbic acid (mg) 129 220 17.3
Vitamin E, tocopherol acetate (mg) - - 113
Arginine (g/16 g N) 3.6 6.0 1.33%
Histidine (g/16 g N) 1.1 2.1 0.61%
Lysine (g/16 g N) 1.5 4.3 1.32%
Tryptophan (g/16 g N) 0.8 1.9 0.43%
Phenylanaline (g/16 g N) 4.3 6.4 1.39%
Methionine (g/16 g N) 1.4 2.0 0.35%
Threonine (g/16 g N) 3.9 4.9 1.19%
Leucine (g/16 g N) 6.5 9.3 1.95%
Isoleucine (g/16 g N) 4.4 6.3 0.83%
Valine (g/16 g N) 5.4 7.1 1.06%

Additional documentation
1. The following pictures were taken from successful small-scale intervention areas of 
Moringa. 

Plate 3.1: Moringa processing and marketing women groups established at 
Kewet Woreda (photo by Kaleb K.)
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Plate 3.2: Moringa exhibition conducted at Shewa Robit town to create demand 
for Moringa products (photo by Kaleb K).

Plate 3.3: Women groups received training in Moringa recipe preparations (photo 
by Kaleb K).
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2. The following are pictures taken from gum-resin project intervention areas.

Plate 3.4: The high value trees of Boswellia papyrifera, B. senegal and Commiphora 
myrrha, sources for Tigray and Borana type frankincense and myrrh (photo by 
Adefires W).

Plate 3.5: The role of gum-resins in creating employment (photo by Adefires W).
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Plate 3.6: Commiphora guidottii and its oppopanax, potential tree for cottage 
industry value addition (photo by Adefires W).
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3.2

Evergreen agriculture for improving 
livelihoods and for climate change 
mitigation and adaptation in semi-arid 
areas 

Introduction
Depletion of tree resources in semi-arid areas has resulted in declining agricultural 
productivity, and reduced availability of firewood and fodder, resulting in chronic 
poverty and increased vulnerability of communities to climate change. One of the 
lessons from Ethiopia is that the agriculture sector is basically efficient, but unable 
to support the farming communities, mainly due to severe degradation of the 
resources base. Such a complex social and environmental problem can be addressed 
by promoting evergreen agriculture; a farming approach conceptualised and practised 
in many African countries including Ethiopia, Malawi, Niger and Zambia. Evergreen 
agriculture (often a mix of conventional agroforestry and conservation agriculture 
practices) improves environmental stability by reducing soil erosion and increasing 
soil organic matter, thereby enhancing sustainable crop production. It optimises 
overall resource use and minimises risk in agricultural production. Agroforestry and 
conservation agriculture systems neatly complement each other in the provision of 
soil cover, animal feed, nutrients, fuel, and protection against wind and water erosion. 
The goal of evergreen agriculture is to optimise tree cover throughout the year, reduce 
soil disturbance in farmlands, enhance moisture retention, and increase food and 
feed availability. The aim is to improve land productivity and reduce vulnerability of 
farming communities to the negative effects of climate change and climate variability. 

Description of the technology or innovation
The technology consists of important principles and practices of conventional 
agroforestry and conservation agriculture for increasing organic resources (woody 
biomass, soil organic carbon etc.) and providing permanent soil cover in agricultural 



lands in semi-arid areas. Evergreen agriculture can be integrated with assisted 
rehabilitation in degraded non-farm areas to effectively tackle land degradation at 
landscape level. This type of agriculture could involve techniques such as farmer 
managed natural regeneration (FMNR) and tree planting in the form of hedgerows for 
increasing tree cover in farmlands. The primary effect of the technology is increasing 
organic resources in rural lands and providing permanent soil cover, which tackles 
the persistent problem of land degradation while diversifying livelihood options. 
Additionally, the technology as a package also increases carbon storage in farming 
systems, thereby contributing to climate change mitigation. 

The potential of FMNR has been demonstrated in Niger at a national scale where over 6 
million ha of land have been treated: tree density of Faidherbia albida increased from 20 
to 120 trees per hectare in 20 years. In Ethiopia small-scale FMNR activities in F. albida 
based farming systems exist in central Rift Valley. Successful alley cropping system 
based on giant Cajanus cajan has been practised over the last several decades in semi-
arid climates in northern Ethiopia (Kobo and Sirinka in Wollo) and Arba-Minch area in 
various soil types. This agroforestry practice produces food, fodder and firewood and, 
at the same time, enhances sustainable agricultural production. 

Conservation agriculture with trees (CAWT) is a new approach for sustainable 
agriculture that has increased grain yields up to fourfold in Malawi and Zambia. In 
Ethiopia alley cropping in semi-arid areas has been proven to increase grain yields by 
30% to 100%. However, the main socio-economic constraint against the promotion of 
alley cropping in semi-arid areas is free grazing. To tackle this problem, the concept of 
area closure in hillsides can be applied to farmlands to promote alley cropping or other 
forms of agroforestry in a participatory way. For example, farmers in Shire-Beleho Tabia 
have voluntarily shifted from free grazing to stall grazing using improved breeds. 

Technological details
1.  FMNR in farmlands: the goal of the FMNR technique is to attain a maximum 

of 120 trees per hectare in a crop farming agricultural setting. The experiences in 
various parts of the country showed that, historically, farmers maintained many 
tree on their farmlands. Population increase and increased demand for fuelwood 
resulted in trees being cut down, considerably reducing their number. Thus, this 
particular innovation is attempting to increase the number of trees which will 
serve as sources of wood for sale and fodder, besides enhancing the microclimate 
and soil fertility for crop production. Apart from higher tree density, the system 
requires locally adapted nitrogen-fixing species such as Fiderbia albida, Acacia 
nilotica, A. senegal, A. senegal, A. tortilis, Zizyphus, Balanites and other useful wild 
food and gum and resin bearing multipurpose trees and shrubs. Mass production 
and distribution of seedlings from productive selected varieties of A. senegal, A. 
seyal, Z. spina-christii, Z. Mucronata, Moringa stenopetala and M. olifera will be carried 
out. This approach works in various edaphic, climatic and socio-economic contexts. 
Farmers in Ethiopia are working towards returning to the centuries old integrated 
tree farming systems. To achieve this, farmers must use appropriate inputs and be 
capacitated to use the inputs.
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2.  Conservation agriculture with trees (CAWT): This practice has specific designs 
and compositional aspects, and critical management prescriptions. It can be 
combined with agroforestry practices based on natural regeneration or artificial 
regeneration (for example, alley cropping, boundary planting, windbreaks etc.). In 
alley cropping, the trees/shrubs such as C. cajan will be established along contour 
lines, and in drier areas sufficiently large alleys of 10–15 m will be left for cropping. 
Trees will be spaced at 0.25 m within a row. The trees will be established with 
seedlings or by sowing during the first year together with crops. Once the trees 
are grown, they will be pruned back at 0.75 m at the beginning of the next rainy 
season, and the green manure can be applied to the alleys or used as animal fodder. 
Large quantities of firewood will also be produced, tackling the problem of use 
of crop residues for fuel. The principles of conventional conservation agriculture 
are followed in farm management to maximise the organic inputs in the farming 
system that will enhance soil water-holding capacity and fertility for increased 
crop production. 

3.  Assisted rehabilitation: The justification for this project is that in Ethiopia large 
areas of land are already degraded and are highly vulnerable to desertification 
if not rehabilitated. Thus, the country must plan and implement projects to 
rehabilitate degraded sites both at ecosystem level and small scale. Although 
several variants exist, research done in Debre Zeyt area showed that assisted 
rehabilitation of degraded lands can be implemented by constructing contour 
bunds 20–30 cm high across the slope a few months ahead of the tree planting 
season. This structure is combined with 1-m long cross ties perpendicular to the 
contour bunds and square shaped infiltration pits of minimum dimensions 40 cm 
wide × 40 cm length × 20 cm depth to facilitate seedling establishment and survival 
by increasing infiltration and thereby rehabilitating the site. In this project, species 
such as Dodonaea angustifolia, Olea africana, A. abyssinica and A. seyal would then 
be planted in the space between the cross ties and the filtration pit. Additionally, 
high value tree species for income generation such as highly productive varieties 
of A. senegal, A. seyal, Zizyphus spina-christii and Z. mucronata will be integrated into 
the rehabilitation sites so that both livelihood and environmental integrity can be 
addressed simultaneously. The spacing between contour bunds could vary from 
3 m to 5 m and all earthwork structures would be stabilised by compacting and 
planting grasses. Trees are planted at a spacing of 1.5 m after the first runoff has 
been collected from the place. Upon establishment, a silvopastoral system will be 
created that could provide both woody and non-woody components within the 
corridor between rows of trees, thus maintaining the fertility of the system.

Scaling up approaches
The various components of the current innovation shall be used by different actors. 
The benefits of sustainable farming which emanate from tree based farming serve both 
rural and urban communities. Specifically, the innovation can serve, among others: 
farming households (both men and women); the ever increasing landless rural youth; 
female-headed households; pastoralists; and urban dwellers.
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Several factors are critical for successful scaling up the innovation. First, build an 
understanding of the immense role of integrating trees on farm lands and the need 
to rehabilitate degraded land. Second, build on the understanding through targeted 
stakeholders’ consultations. Third, identify sites for scaling up and ensure participatory 
planning. Fourth, identify target groups and organise them into cooperatives and 
other groups for training. Fifth, avail the necessary inputs and start implementation 
after training. Throughout the process, several major steps must be conducted: follow 
up activities, redressing errors, monitoring, documentation and reporting.

For successful dissemination and adoption, the following are needed: functional and 
strong village institutions; strong linkages with non-governmental organisations 
(NGOs) and CBOs; active participation of local communities in managing their natural 
resources; strong commitment of political leadership, researchers, and partners; 
introducing bylaws to control grazing animals and reduce the damage they cause to 
young trees.

Current situation and future scaling up
Promoting evergreen agriculture is difficult, as it involves changing the mindset of 
agricultural extension workers, experts and the farming communities. This requires 
discussion, debate and training. The major challenges to scaling up are: mindset of the 
actors; free grazing in semi-arid areas; relatively high cost of developing, managing 
and promoting tree-based farming and rehabilitation technologies; and lack of an 
information exchange network for best bet practices on agroforestry for permanent 
dialogue among actors. 

These challenges can be addressed in several ways. Within communities, this can be 
done by mobilising and organising the local beneficiaries; utilising locally available 
student clubs, and other volunteers; creating mass awareness; providing training on 
the benefits of evergreen agriculture and rehabilitation of degraded lands; facilitating 
community initiated bylaws for controlling grazing, eventually implementing model 
work on stall or controlled grazing in intervention areas which can be used as policy 
inputs for guiding future livestock production strategies in semi-arid areas; and 
rewarding champions at different levels. These constraints can also be addressed 
using resources outside the communities by establishing functional communication 
networks for information exchange; arranging incentive schemes by involving NGOs 
and CBOs; looking for potential partnerships with local and international organisations; 
establishing an agroforestry consortium; and engaging the existing agriculture and 
rural development advisory council at federal, regional and zonal levels.

Several lessons have emerged from Ethiopia about the best ways to encourage end users 
to use technologies or innovations. These include: 1) working through cooperatives 
and establishing new ones as necessary for successful promotion of technologies, 
knowledge, and practices; 2) building the capacity of local people, partners and experts 
by conducting trainings, workshops and meetings for overall technology promotion; 
3) preparing documentary films on success stories and using mass media to accelerate 
technological diffusions; 4) organising and working with consortia of NGOs and 
government agencies interested in NRM to reach a wider range of people in a larger 
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area to facilitate information exchange and strengthen linkages; 5) gaining commitment 
and trust of local communities and arranging reward schemes for champions; 6) using 
local organisations as an entry point to ensure success of the overall technology transfer 
initiatives; 7) arranging visits to other areas where the target groups will hear from ‘the 
house’s mouth’ (i.e. farmers and pastoralists); and 8) establishing favourable friendly 
relationship with local administrators, elders, opinion leaders to facilitate successful 
implementation of technology promotion activities. Above all, is joint planning of all 
project activities to ensure commitment, transparency by participant stakeholders and 
target beneficiaries.

Gender considerations
Promoting the current innovative approach will improve land productivity more 
sustainably and thereby directly improve food security while maintaining functioning 
ecosystems in general. Specifically, evergreen agriculture significantly supports and 
improves the livelihood of the most vulnerable people in communities, women and 
youths. For example: 1) it improves availability of firewood in the vicinity of residences, 
decreasing the burden of women and children (who often are responsible for collecting 
firewood) and allowing children to attend school, and giving women time for other 
business; 2) it significantly reduces vulnerability of young women who are in danger 
of being sexually abused in the distant places where they gather fuelwood and water; 
3) it diversifies income sources and provides opportunities for self-employment for 
women and youth; and 4) it enhances participation and empowerment of rural women 
in the decision-making process in NRM.

Application guidelines for the users
Having a detailed guideline of the application is important. However, when promoting 
these technologies, we strongly recommend the following steps with correction and 
adjustments to fit local needs and situations:

• Participatory selection of appropriate technology recipients.

• Understand their attitudes, intentions and interests.

• Identify key barriers in space and time that might challenge technology transfer.

• Consider societal values (language, ethics, culture etc.).

• Be transparent and participatory in all aspects.

• Do not raise unrealistic expectations.

Once these have been ensured proceed as follows:

• Start building more trust and establish good relationship with the whole community 
(do not marginalise the already marginalised).

• Start stakeholder consultations at a small scale and expand slowly. Any decision 
and agreement should be reached through participatory planning.

• Provide samples and conduct training and capacity building.

• Understand participants’ views and interests and consider their recommendations.
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• Use local elders, respected people and local experts who can be role models for 
lobbying and communicating the benefits of the technologies.

• Start exhibitions.

• Plan for debate, discussions and brain storming sessions.

• Show things practically (by doing).

• Use various success stories and lessons from other places.

• Prepare the necessary inputs, assisted by local and higher administrations.

Once all these steps have been carried out:

• Establish model cooperatives which involve all interested parties.

• Complete legal issues and clarify them with the community.

• Listen to the community and loosely monitor and correct issues, and bridge gaps.

• Visit sites with success stories with a few individuals.

• Maintain integrity and trust.

• Maintain documentation.

Contact details for further information
Name and address of the organisation: Forestry Research Center, Ethiopian Institute 
of Agricultural Research, PO Box 30708, Addis Ababa; Telephone: +251-116460451

Name and address of the presenter: Adefires Worku, Forestry Research Center, 
Ethiopian Institute of Agricultural Research, PO Box 30708, Addis Ababa; Email: 
adefires@yahoo.com; Telephone: +251-116460451; Mobile: +251-911-120221

Name and address of key scientists involved in the generation of the technologies, 
knowledge and information: Yitebitu Mogest, Wondesen G/tsadik, Adefires Worku, 
Wubalem Tadesse; PO Box 30708, Addis Ababa, Ethiopia; Email: yitebitumoges@
yahoo.com, adefires@yahoo.com, wubalemtw@yahoo.com

Examples of conservation agriculture with trees
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Assisted rehabilitation in Kuriftu lake catchment

                       a                                                                       b

c                                                                d

Technical components of assisted rehabilitation techniques and their impacts in 
three years: (a) Alignment of bunds, infiltration pits and cross ties constructed 
in the field; (b) Acacia abyssinica planted with an infiltration pit; (c) Dodonaea 
angustifolia planted with an infiltration pit; and (d) A rehabilitated hillside after 
four years.
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3.3

Digital vegetation charting technique for 
monitoring rangeland condition at local 
scale

Introduction
In sub-Saharan Africa, rangelands cover 494.2 million hectares. This vast area is 
characterised by harsh conditions with low and erratic rainfall. Historically, these 
rangelands have diverse plant communities, productive and well adapted to sustain 
grazing pressure. Nowadays, the ability of the rangelands to perform their functions is 
declining, and their biodiversity is threatened. Furthermore, there are several indications 
that rangeland resources continue to decline in both productivity and quality (more 
annual, less palatable and more unpalatable species). Thus, it is imperative that these 
degraded lands are rehabilitated and better managed. 

The first step before engaging in any rangeland rehabilitation and management 
project should be centred on mapping and assessing current rangeland conditions. 
Yet, ecologists and managers have been challenged to develop cost-effective methods 
of measuring changes in vegetation that are reliable and repeatable. Several studies 
were conducted to characterise natural vegetation at the national or regional scales. 
However, lack of qualified staff and substantial financial resources do not allow 
exhaustive assessments of the results. There is an urgent need for reliable rapid 
mapping and monitoring techniques for assessing rangeland condition, and estimating 
their productivity at the farm/community level. User-friendly tools that can rapidly 
assess the occurrence and causes of land-degradation processes have to be developed 
and field-tested. 

Description of the technology or innovation:
With the advances in technology, large areas can be mapped and monitored rapidly. 
Combining information from low-altitude sensors and geo-spatial data appears 
to offer an optimal path for developing a practical system for cost-effective, data-



based, rangeland monitoring and assessment. If an inventory of range resources 
is established, priority areas with the greatest potential for improvement can be 
identified. In collaboration with Oregon State University, the ICARDA Rangeland 
Ecology & Management Unit (REMU) has been developing quantitative methods to 
estimate cover using globally positioned digital imaging coupled with image analysis 
for several years. The unit has developed software and protocols that are repeatable 
and technician independent. These protocols use a continuously recording global 
positioning system (GPS) device, digital camera, and a computer to acquire and 
manage information. REMU plans to disseminate the technique to all countries in sub-
Saharan Africa (Annex 1 is a user guide and provides more information on application 
of this technique).

One of the most important indicators of rangeland condition and health is the 
percentage of the soil that is covered and protected from raindrops by plants and litter. 
Sequential measurements of cover at seasonal or yearly intervals can indicate range 
trend. Unfortunately, plant foliar and litter cover is generally not measured. Rather, 
technicians estimate it using the quadrat method because quantitative measurement 
via intercept or point methods is tedious and time consuming. Differences in experience 
and judgment lead to substantial differences in cover estimates between technicians 
and from one sampling period to the next. 

Scaling up approaches
The innovation is useful to a wide range of users. These are: national agricultural 
research and development agencies; non-governmental organisations; development 
institutions; agricultural universities; and policy makers.

Several dissemination methods were used to reach the users of the innovations. These 
were: training (degree training, on-the-job training, group or individual training) and 
conducting research trials using the proposed techniques.

The factors essential for successful promotion and wider adoption of the technology 
or innovation include: motivation and interest of research partners especially young 
scientists; and enabling policies (commitment of the governments in support of this 
work). Continuous feedback would be important for fine-tuning the protocol and for 
ease of use of the technology.

Current situation and future scaling up
Challenges encountered in efforts to further disseminate the innovation and to promote 
its adoption and scaling up/out include: funds to purchase necessary equipment 
(hand-held GPS units, digital cameras, specialised/customised software); use of GPS 
receivers; availability and access to existing GIS data themes; lack of enabling policies 
and effective institutions; and ensuring participation of young scientists.

Recommendations to address the challenges include: motivation of research partners; 
commitment of governments in support of the innovation; strengthening capacity of 
existing institutions; and facilitating establishment of effective institutions.
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Lessons learnt about the best ways to get technologies or innovations used by the largest 
number of people: integrating technical, policy and institutional options can help to 
get stakeholders to apply this technology. 

Gender considerations
Promoting participation of young women scientists. 

Contact details for further information
Name and address of key scientist: Dr Mounir Louhaichi, ICARDA, Rangeland 
Ecology & Management Unit; PO Box 5466, Aleppo, Syria; Email: M.Louhaichi@cgiar.
org; Telephone: +963-21 221 3433; Fax: +963-21 221 3490

Name and address of key scientists involved in generation of the innovation: Prof 
Dr Douglas E. Johnson, Oregon State University, Department of Rangeland Ecology 
& Management, 202 Strand Agricultural Hall, Corvallis, Oregon 97331, USA; Email: 
Douglas.e.johnson@oregonstate.edu; Telephone: (541) 737-1624; Fax: (541) 737-0504

Additional documentation
ICARDA and its collaborators on this work have been developing quantitative 
methods for estimating cover using globally positioned digital imaging coupled with 
image analysis for several years and have developed software and protocols that are 
repeatable and technician independent. These protocols use a continuously recording 
global positioning system (GPS) device, digital camera, and a computer to acquire and 
manage information. Specialised software links an image of the ground to a specific 
location, rotates and scales the image and processes it into meaningful classes such 
as foliar cover, litter and bare ground. Original images, processed images, track logs 
and photo locations are stored on the computer or a DVD for reference and archiving. 
Because both positioned and processed images are tagged with GPS coordinates, they 
can be viewed in a geographic information system (GIS).

Materials and methods
This technique requires a staff-mounted digital camera that is positioned to take a 
digital photograph vertically downward from a fixed height when the platform holding 
the camera is level (Figure 3.1). It consists of a Bogen Manfrotto 676B Monopod and 
a Bogen Manfrotto 3025/056 3D Junior Head to which a 5 by 8 inch (13 by 20 cm) 
platform has been mounted (Booth et al. 2004, Johnson et al. 2008). Attached to the 
platform is a bubble level, magnetic compass, continuously recording GPS unit, and 
the digital camera. The camera head may be mounted on either a pole of a fixed height 
or a variable height monopod, as long as the height does not change during a photo 
shoot (Figure 3.2).

Image processing using VegMeasure software
VegMeasure is a computerised vegetation measurement program. It is the result 
of work done on a series of projects by the Department of Rangeland Ecology and 

202



Management at Oregon State University (USA) that measured and monitored 
vegetation on rangelands, agronomic fields and riparian areas.

Figure 3.1: Apparatus used to obtain digital images of quadrats.

Figure 3.2: Acquisition of digital images in the field using a staff-mounted camera 
and a continuously recording GPS unit.
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This software package was developed to chart or map vegetation in a sample quadrat 
on the ground, using photographs taken vertically downward. Special emphasis 
was given to accurately represent the position and area of plants in the quadrat and 
document their condition. Previously, hand charting of vegetation in quadrats, a very 
time consuming and tedious method, was used to collect cover estimates in the field. 
VegMeasure is a successful attempt at speeding up the process. In addition the protocol 
presented helps standardise the measurement process so that results are more uniform 
and reflective of the condition of vegetation growing on a site.

Since its beginnings, VegMeasure has also been used to quantify streamside vegetation 
using low-altitude aerial photographs, overstorey cover using vertically upward 
photographs from ground level, and distribution of weeds from aerial photographs by 
capturing distinctive flower colour.

VegMeasure can be used on permanent quadrats to document change through time, 
such as spring plant growth or reduction of leaf area by grazing. Charting of vegetation 
across several years with VegMeasure has allowed us to quantify the increase or 
decrease of specific bunchgrass and forb cover to measure growth. Individual plant 
persistence and behaviour can also be measured via VegMeasure in vegetative 
communities (Figure 3.3).

The software uses information gathered either from a digital camera, video, web cam, 
or a scan from conventional colour photographs or colon infrared photographs. These 
images can be processed either in real-time in the field using a laptop computer or 
post-processed in the office. Most of the processing uses digital conventional colour 
images taken in the field using a digital camera. Typically, one should use GPS to 
identify the location of each image then process the data later in a laboratory. 

Given a set of images, VegMeasure will analyse them according to either a pre-selected 
algorithm or a classification algorithm chosen by the user. The program then produces 
a report indicating the percentage of each class in each image as well as all images 
collectively. At its simplest, VegMeasure will classify an image into two classes and 
show the results on screen where the user can evaluate the data. Also included is a 
K-means algorithm that divides the image into a series of classes. This should facilitate 
identification of distinctive vegetation in the image.

VegMeasure supports a variety of algorithms, which are described in detail later in the 
user’s manual. Furthermore, the software supports interfacing to GPS units when they 
are attached via a USB port. When connected, VegMeasure automatically records the 
location (in latitude and longitude) of an acquired image.
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Figure 3.3: Sample output of processed images using VegMeasure software.
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3.4

Zai/tassa/planting pit technology

Introduction
Most crop agriculture in ECA depends on rainfall. In many parts of the region, crop 
productivity is undermined by inadequate moisture in the soil. Climate change 
and variability have resulted in reduced rainfall and its reliability, and increased 
evaporation due to increased temperatures. Technologies for conserving soil moisture 
can help improve crop productivity.

Description of the zai pit technology 
The zai technique is a traditional land rehabilitation technique from Burkina Faso with 
the potential to rehabilitate degraded drylands effectively and to restore soil fertility. A 
zai pit is a square hole 60 cm deep and 60 cm by 60 cm wide, sunk into dry, degraded 
soil. It is filled with well composted manure mixed with topsoil. There are three steps 
to preparing a zai pit: 1) digging the pits (dimensions depend on the type of crop to 
be grown); 2) application of well composted manure; and 3) planting (done at the 
onset of rainfall). The zai technique has been practised for many years in the Sahelian 
region of West Africa. In Kenya, trials by farmers, especially in the semi-arid areas of 
Makueni, Maragua and wider Murang’a districts produced good results, showing that 
the technique has great potential for improving crop production in dry areas. Zai pits, 
also referred to as planting pits, increase crop yields by a combination of moisture 
conservation and harvesting of runoff from the spaces between the pits. In addition, 
soil fertility is restored since the manure and fertiliser cannot be lost through surface 
runoff. 

Zai pits are recommended for relatively low rainfall areas, or where moisture 
conservation is desired, to enable a crop survive drought and increase production. 

Scaling up approaches used
The users of zai pit technology are mainly small-scale farmers in arid and semi-arid 
lands (ASALs). The implement manufacturers and input suppliers also do benefit 
from sales of the technology implements. The technology has predominantly been 
promoted through demonstrations organised in practising farmers’ fields and farmer 



field schools. The factors critical to successful promotion and wider adoption are: 
promotion and upscaling of the technology; availing knowledge and simplified inputs; 
and availability of localised weather forecasts.

Current situation and future scaling up 

Challenges encountered in further dissemination of the technology or innovation, 
adoption and scaling up and out include: high labour involved in digging the pits; 
limited availability and knowledge of preparing well composted manure; and the 
right type of crops. 

Several options are available to scale up the benefits of this technique. These are: some 
scientific research to provide reliable data for the region; availing laboratory services 
for testing quality of organic matter produced by farmers and for recommending 
correct application rates; and testing high value crops to increase profits.

Lessons learnt about the best ways to encourage the largest number of farmers to adopt 
the zai pit technology include: specialised equipment is not required, as zai pits can be 
prepared using available equipment; experience showed that after a few pilot projects 
acceptance of the technique spreads quickly, thanks to its simplicity and effectiveness; 
and farmers noted that the soil around the plants remains damp for a considerable 
length of time after the rains stop.

Gender considerations 
Although the zai pit technology can be labour intensive, which is disadvantageous 
to women, it has been met with no reservations in the countries where it has been 
introduced. The technology has been introduced such that it is not contrary to any 
socio-cultural practices.

Application guidelines for the users
How and when are the zai pits prepared?
Farmers dig zai pits during the dry season. they must use the specified dimensions for 
the size of zai pits hence the number of pits per hectare to get the maximum benefit 
in terms of amount of water collected in the pits. (The number of pits per hectare and 
their dimensions) determine how much water they harvest. The bigger the number 
and the smaller their size, the less water each pit harvests and vice versa.)

Procedure

1. Laying out planting pit positions

• Select a part of the farm where the land is neither too steep nor very flat. If 
land is on a slope, construct terraces first. The pits must be dug at alternate 
positions behind each other to allow enough catchment area from which to 
collect sufficient runoff to go into each pit. 

• Starting at one end of the field use a tape measure or a marked string to fix pegs 
150 cm apart on the first row. 
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• Measure a row spacing of 75 cm downhill. 

• In the 2nd row, place the first peg 75 cm from the line of the first peg. 

• Continue to place pegs 150 cm apart as with row 1, so that all the pegs in row 2 
are at alternate positions behind row 1.

• Continue measuring and pegging in this way until you have a network of pegs 
at alternate positions.

2. Preparation of pits

 At each peg position, prepare a planting pit measuring 60 cm deep ×60 cm diameter 
as follows:

• Dig holes 60 cm diameter, placing topsoil (about 20 cm depth) on the uphill 
side. 

• Dig the subsoil to a depth of 60 cm and place the spoil on the downhill side.

• Reshape this spoil to resemble a semi-circular bund to enable better water 
storage.

Zai pits prepared in the dry season before the onset of rain for planting.

3. Manure application (crucial for the success of the technique)

• Mix the topsoil with one medium size bucket of well-composed soil organic 
material in the soil originating from animal manure and plant residuals at 
various stages of decomposition and reformation; it is often referred to as 
humus) and placed at the bottom of the pit and not broadcasted over the whole 
field.

• Ensure that the hole is not refilled to the top so that some space remains to 
collect and store runoff water. 

4. Planting 

• Plant the selected crop in the hole at onset of the rain.

• The number of seeds per hole depends on crop type, its variety and climate.

• If you plant seeds in pairs, remember to thin to single plants later. 

5. Crop husbandry 

 Once the crop is growing in the planting pit, the following management practices  
 are needed:
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• Keep the field clear of weeds. Do not use a jembe (hoe) to dig outside the pits 
(catchment). Clear the weeds using a panga (machete) to leave the catchment 
firm and compacted. 

• Inside the pits, weed normally to encourage infiltration. 

• Protect the crop from pests and diseases. 

Maize crop planted in the holes. 

Using planting pits has advantages and disadvantages as outlined below.

Advantages of zai pit technology 

1. Once prepared, the pits can be re-used for up to four crop seasons without adding 
more manure.

2. Increased crop yield and better crop survival in time of drought. The pits can make 
a difference between getting a harvest or nothing at all in a low rainfall season.

3. Weed control is easier.

4. Water conservation in the pit, thus reducing soil erosion on other parts of the farm.

5. Improved soil fertility and environmental conservation.

6. The organic material used attracts termites, which play a crucial role as they dig 
channels in the soil, improving the soil’s structure. The termites also digest the 
organic material, making nutrients more easily available to the crops planted or 
sown in the pits. 

Disadvantages of zai pit technology 
1. A key limitation with the pits is the heavy labour demanded in preparing the pits 

the first time (between 300 and 450 hours/hectare).

2. They may not work well in waterlogged soils. 

3. Mechanisation is not possible.

4. Additional effort from the farmers who have to maintain the holes, by deepening 
and refilling them with manure before each wet season.

The benefits of using planting pits far outweigh the disadvantages.
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Contact details for further information
Name and contact of the organisation: Kenya Agricultural Research institute (KARI), 
PO Box 57811-00200, Nairobi; Email: director@kari.org; Telephone: +254-20-4183301-
20 Fax: +254-20-4183344; Mobile: +254-722 206 988, 722 206 986, 733 333 223, 733 333 
224

Name and address of key scientist: Jane W. Wamuongo, PO Box 57811-00200, Nairobi; 
Email: JWWamuongo@kari.org; Telephone: +254-20-4183344; Fax: +254-20-4183344; 
Mobile: +254-722 206 988, 722 206 986, 733 333 223, 733 333 224

Name and address of key scientists involved in generation of the innovation: Barrack 
Okoba, KARI-Kabete, PO Box 147300-00800, Nairobi, Kenya; Email: okoba2000@yahoo.
com; Telephone: +254-20 -4444137/144; Fax: +254-20 -4443926

Name and contact of key partners: Kenya Institute of Organic Farming, c/o Michael 
Waweru Nduati, PO Box 34972 GPO 00100; Email: kiof@iconnect.co.ke; Telephone: 
+245733799072/733817240
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3.5

Conservation agriculture for soil moisture 
conservation and fertility management in 
semi-arid areas 

Description of the technology or innovation 
ASALs are characterised by water scarcity due to erratic and unreliable rainfall patterns 
and high evapotranspiration rates, and fragile soils characterised by low organic matter 
content and general high infertility. Due to high population, people are migrating to 
ASALs putting more pressure on the natural resources. Conservation agriculture (CA) 
is a practice that aims to produce high crop yields while reducing production costs and 
maintaining the soil fertility and conserving water.

CA embraces three basic principles: 

1. Minimal soil disturbance: The ideal is to plant direct into the soil, without hoeing or 
ploughing. Tillage is reduced to ripping planting lines or making holes for planting 
with a hoe. Soil and water are conserved. CA helps mitigate sudden changes in 
temperature and rainfall due to climate change.

2. Keep the soil covered as much as possible: Mulch, special cover crops and crop 
residues left on the field protect the soil from erosion and limit weed growth 
throughout the year. In conventional farming practices farmers remove and burn 
crop residues or mix them into the soil with a plough or hoe. As a consequence, 
the soil is left bare, and is therefore easily washed away by rain or blown away by 
wind. 

3. Mix and rotate crops: Planting the same crop each season, as sometimes practised 
in conventional farming, is minimised by planting the right mix of crops in the 
same field, and rotating crops from season to season. This breaks down survival 
and multiplication cycles of pests, diseases and weeds, resulting in higher yields 
and maintenance of soil fertility.

Conservation agriculture can reduce soil erosion since the practice barely disturbs the 
soil. CA helps conserve soil moisture through the mulching effect of cover crops or crop 



residues. CA has shown potential to contribute to sustainable intensive agriculture 
production under adverse climatic conditions. The Kenya Agricultural Research 
Institute (KARI), through the Conservation Agriculture for Sustainable Agriculture 
and Rural Development in Southern and Eastern Africa (CASARD), together with its 
partner (Africa Conservation Tillage Network) are promoting and testing CA in five 
districts in Kenya. Two of the five districts, larger Laikipia and Mbeere districts lie 
predominantly between arid and semi-arid areas with an average of 650 mm of rainfall 
annually. 

Scaling up approaches used
Users of CA include: small-scale farm holders; input suppliers; and equipment 
manufacturers and importers. CA has been promoted mainly through the farmer field 
school approach, field demonstrations, awareness-creation campaigns and farmer-to-
farmer learning initiated through farmer exchange visits. 

The critical for successful promotion and wider adoption of CA entail: 1) locally 
available equipment that is easy to use; 2) good will from governments, e.g. putting 
mechanisms in place for crop and livestock insurance; 3) access to equitable produce 
markets; 4) access to information; 5) production risk sharing, incentives and policy 
support; and 6) availing appropriate implements.

Current situation and future scaling up
Challenges encountered in respect of further dissemination of CA are:

1. Difficulty changing mindset of farmers: Switching to CA involves a fundamental 
change in mindset. This means farmers must drop their traditional practice of 
preparing the land with a hoe or plough, and instead rely on ‘biological tillage’ 
using plant roots and earthworms. 

2. Management of crop residues: Normally, farmers keep livestock and grow crops 
and use crop residues as fodder, fencing, roofing and fuel. They are therefore 
unwilling to use crop residues as mulch. In many ASAL areas farmers commonly 
release animals on to fields after crops are harvested, compromising the principle 
of ensuring soil is covered at all times. The animals trample the fields, compacting 
the soil. This results in reduced infiltration and in soil erosion.

3. Policy framework is lacking: All stakeholders, especially researchers, ministries 
of agriculture and NGOs, must play a proactive role in ensuring that policies are 
formulated and enforced.

4. Tools: Currently, the basic CA tools like jab planters, zam wipes, animal drawn 
planters, etc. were imported from Brazil and very few local manufacturers are 
available.

5. Declining labour force: The labour force is declining due to out-migration, 
employment in other sectors, and malaria and HIV pandemics.

6. Poor infrastructure and support systems for physical and financial access to 
production inputs: Improved seeds, fertilisers, chemicals, water and machinery 
are scarce.
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7. Weed management in the early days: This is because a key component of CA is 
zero or minimum tillage, which in the early stages can mean more weeds, meaning 
that herbicides may be required.

8. Pest and disease control: Another component of CA is to leave crop residues, which 
might lead to build up of diseases or pests from a previous crop.

9. Maintenance of vegetative cover over a longer period of the year: This can be a 
challenge where land is limited. 

10. Inadequate residue/mulch management practices.

To address the above constraints, the following actions are recommended:

1. Promoting growing fodder crops to feed animals should be promoted 

2. Training farmers and field extension officers 

3. Popularising the technology using demonstration farms, field visits and exposure 
tours, and farmer field school

4. Using farmer champions to act as good examples to others

5. Policy support from the government

6. Partnerships between different players

7. Promoting farmer-to-farmer extension

8. Training local manufacturing artisans on how to prepare CA tools and link them to 
finance institutions to facilitate access to credit

Several lessons emerged about how to encourage many people to use CA:

1. CA has been promoted effectively using field demonstrations and awareness-
creation campaigns. 

2. Capacity building and mass media support the campaign. 

3. Incorporating CA in school and college curricula could improve uptake of the 
technology.

Gender issues/concerns considered in developing and 
disseminating the technology or innovation 
No gender restrictions or biases have been recorded where CA has been practised. CA 
implements and practices are adaptable to both men and women. The technology is 
actually more gender friendly, as it is less labour intensive than other technologies are.

Application guidelines for users
1. Land preparation for CA

Land preparation for seeding or planting under CA involves slashing or rolling the 
weeds, previous crop residues or cover crops or spraying herbicides to control weeds. 
Seeding is done directly through the mulch. 

213



Crop residues are retained either completely or to a suitable amount to guarantee 
complete soil cover, and fertiliser and amendments are either broadcast on the soil 
surface or applied during seeding. 

2. Principles and procedures of conservation agriculture 

CA embraces three basic principles which are applied simultaneously in the field: 
minimum soil disturbance, permanent soil cover; and mixing and crop rotation. These 
are discussed below.

a.  Minimum soil disturbance

• Soil is disturbed as little as possible; herbicides are used to eliminate weeds. 

• Seeds are planted directly into the soil, without ploughing. 

• Planting is done using simple hoes or inexpensive equipment such as jab 
planters or animal/tractor drawn direct seeders. The equipment penetrates the 
soil cover, opens a seeding slot into which it places the seed. 

• The size of the seed slot and the associated movement of soil are kept to the 
absolute minimum possible. Ideally, the seed slot is completely covered by 
mulch again after seeding and no loose soil is left visible on the surface.

• This improves soil structure and enables the soil to retain more moisture, even 
during the dry seasons. Where high sporadic rainfall occurs in ASALs (due to 
climate change), CA is able to reduce soil erosion since the soil disturbance is 
minimal.

Land is not directly Manual direct  Tractor-drawn direct   
ploughed.  seeder or jab planter seeder.  
 (planting and
 fertiliser application
 is done once).

No-till or minimum using post-emergence herbicide application followed by 
direct planting.
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b. Permanent soil cover

• Keep the soil covered as much as possible.

• To achieve this, use special cover crops like Dolichos lablab, njahi, nzavi

• One can also use crop residues left on the field to protect the soil from erosion 
and limit weed growth throughout the year. Where rain is scarce, CA conserves 
moisture by mulching. 

Do not burn crop Plant the crop along the contours and apply   
residuals.  mulch to conserve moisture. 

NB: Using appropriate legume cover crops reduces the need for external inputs like 
chemical fertiliser and herbicides. Cover crops need to be managed before planting the 
main crop. This can be done manually or with animal or tractor power. Ensure that the 
soil is always kept covered.

Established crops under mulch.

c. Mixing and crop rotation 

• Plant the right mix of crops in the same field, and 

• Rotate crops from season to season. This breaks down the survival and 
multiplication cycles of pests, diseases and weeds, resulting in higher yields 
and maintenance of soil fertility. 

• Design and implement crop rotations according to the various objectives: food 
and fodder production (grain, leaf and stalks); residue production; pest and 
weed control; nutrient uptake and biological subsurface mixing/cultivation, etc. 
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• Use appropriate/improved seeds for high yields as well as high residue 
production of above-ground and below-ground parts, given the soil and climate 
conditions.

NB: As more experience is gained with rotation systems, it could become more common 
to use biological rather than chemical means for weed and pest control.

Use of appropriate cover crop like Dolichos lablab, njahi, nzavi for moisture 
conservation and fertility management.

3. Advantages 

CA provides several advantages at global, regional, local and farm levels. These 
advantages are threefold:

•  Economic benefits: Three major economic benefits can result from CA adoption: 
1) time saving and thus reduction in labour requirement; 2) reduction of costs, 
e.g. fuel, machinery operating costs and maintenance, as well as a reduced 
labour costs; and 3) higher efficiency due to more output for lower input.

•  Agronomic benefits: Adopting CA leads to improved soil productivity, increase 
in organic matter; in-soil water conservation; and improvement of soil structure, 
and thus rooting zone.

• Environmental benefits: CA benefits the environment in several ways: 
reduced soil erosion, and thus reduced costs for maintaining roads, dams 
and hydroelectric power plants; improved air and water quality; increased 
biodiversity; and carbon sequestration. 

4. Disadvantages 

• Disadvantages in the short term might be the high initial costs of specialised 
planting equipment and the completely new dynamics of a conservation 
farming system, requiring high management skills and a learning process by 
the farmer. Long-term experience with conservation farming all over the world 
has shown it presents different problems to a farmer (rather than more or fewer 
problems). 

• Chemicals used may be dangerous to the environment if they are not used 
properly.
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CA reduces time and labour which otherwise could be costly.

Contact details for further information
Name and contact of the organisation: Kenya Agricultural Research institute (KARI), 
PO Box 57811-00200, Nairobi, email: director@kari.org; Telephone: +254-20-4183301-
20 Fax: +254-20-4183344; Mobile: +254-722 206 988, 722 206 986, 733 333 223, 733 333 224

Name and address of the presenter: Jane W. Wamuongo, PO Box 57811-00200, Nairobi; 
email: JWWamuongo@kari.org; Telephone: +254-20-4183344; Fax: +254-20-4183344 
Mobile: +254-722 206 988, 722 206 986, 733 333 223, 733 333 224

Name and address of key scientists involved in generation of the innovation: Barrack 
Okoba, KARI-Kabete, PO Box 147300-00800, Nairobi, Kenya; email: okoba2000@yahoo.
com; Telephone: +254-20 -4444137/144; Fax:+254-20 -4443926

Name and contact of key partners: Africa Conservation Tillage Network, c/o KARI-
NARL, Waiyaki Way, Nairobi, Kenya, PO Box 10375–00100, Nairobi, Kenya email: 
info@act-africa.org; Website: www-act-africa.org; Telephone: +254 20 4444252 Fax: 
+254 20 4451391
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Annex 3.1 

User guide for digital vegetation charting 
technique for monitoring rangeland 
condition at local scale

Justification
In sub-Saharan Africa, rangelands cover 494.2 million hectares. This vast area is 
characterised by harsh conditions with low and erratic rainfall. Historically, these 
rangelands have had diverse plant communities, and have been productive and well 
adapted to sustain grazing pressure. Nowadays, their ability to yield products and 
perform functions is declining, and their biodiversity is threatened. Furthermore, 
there are several indications that rangeland resources continue to decline in both 
productivity and quality (more annual, less palatable and more unpalatable species). 
Thus, these degraded lands must urgently be rehabilitated and better managed. 

The problem the technology or innovation is aimed to 
address
The first step before engaging in any rangeland rehabilitation and management project 
should be centred toward mapping and assessing rangeland condition. Yet, ecologists 
and managers have been challenged to develop cost-effective methods of measuring 
changes in vegetation that are reliable and repeatable. Several studies have characterised 
natural vegetation at national or regional scales. However, these studies require 
qualified staff and substantial financial resources, meaning exhaustive assessments 
cannot be conducted. There is a need for reliable rapid mapping and monitoring 
techniques for assessing rangeland condition, and estimating their productivity at the 
farm/community level. User-friendly tools that can rapidly assess the occurrence and 
causes of land-degradation processes have to be developed and field tested. 

The technology/innovation
With advances in technology, large areas can be rapidly mapped and monitored. 
Combining information from low-altitude sensors and geospatial data appears 
to offer an optimal path for developing a practical system for cost-effective, data-
based, rangeland monitoring and assessment. If an inventory of range resources 
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is established, priority areas with the greatest potential for improvement can be 
identified. In collaboration with Oregon State University, the International Center for 
Agricultural Research in the Dry Areas (ICARDA) Rangeland Ecology & Management 
Unit (REMU) has been developing quantitative methods for estimating cover using 
globally positioned digital imaging coupled with image analysis for several years. 
The project has developed software and protocols that are repeatable and technician 
independent. These protocols use a continuously recording global positioning system 
(GPS) device, a digital camera, and a computer to acquire and manage information.

Target areas
The proposed technique would be disseminated to all countries in sub-Saharan Africa.

Project details
Synopsis

This document describes a photographic monitoring protocol and software program 
that can be used to quantify vegetative cover in quadrats.

Summary
One of the most important indicators of rangeland condition and health is the 
percentage of the soil that is covered and protected from raindrops by plants and litter. 
Sequential measurements of cover at seasonal or yearly intervals can indicate range 
trend. Unfortunately, plant foliar and litter cover is generally not measured, but rather 
estimated by technicians using the quadrat method because quantitative measurement 
via intercept or point methods is tedious and time consuming. Differences in experience 
and judgment lead to substantial differences in cover estimates between technicians 
and from one sampling period to the next. The project has been developing quantitative 
methods for estimating cover using globally positioned digital imaging coupled with 
image analysis for several years and have developed software and protocols that are 
repeatable and technician independent. These protocols use a continuously recording 
global positioning system (GPS) device, a digital camera, and a computer to acquire 
and manage information. Specialised software links an image of the ground to a specific 
location, rotates and scales the image and processes it into meaningful classes such as 
foliar cover, litter and bare ground. Original images, processed images, track logs and 
photo locations are stored on the computer or a DVD for reference and archiving. 
Because both positioned and processed images are tagged with GPS coordinates, they 
can be viewed in a geographical information system (GIS).

Objectives
The main goal of this project is to develop, test and disseminate algorithms and protocols 
within a software package which can be used to measure per cent cover of foliage, 
litter and bare ground or other parameters of interest in electronically positioned and 
defined quadrats. The specific objectives were to: 

1. Rapidly classify ground-level photographs into meaningful groups based on 
colour.



2. Save classification parameters so they can be applied to other images taken under 
similar conditions.

3. Automatically classify all photographs selected or all photographs in a directory 
folder.

4. Export images as either classified ASCII Raster maps or bitmaps with world files 
and projection information so they can be saved as GIS data layers.

5. Output summary tables with results of the classification for each image.

Materials and methods
The proposed technique for measuring cover requires a staff-mounted digital camera 
that is positioned to take a digital photograph vertically downward from a fixed height 
when the platform holding the camera is level (Annex Figure 3.1) It consists of a Bogen 
Manfrotto 676B Monopod and a Bogen Manfrotto 3025/056 3D Junior Head to which 
a 5 by 8 inch (13 by 20 cm) platform has been mounted (Booth et al. 2004, Johnson et 
al. 2008). Attached to the platform is a bubble level, magnetic compass, continuously 
recording GPS unit, and the digital camera. The staff upon which the camera head is 
mounted can be either a pole of a fixed height or a variable height monopod, as long 
as the height does not change during a photo shoot (Annex Figure 3.1). 

Annex Figure 3.1: Apparatus used to obtain digital images of quadrats.
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Annex Figure 3.2: Acquisition of digital images in the field using a staff-mounted 
camera and a continuously recording GPS unit.

Image processing using VegMeasure software
VegMeasure is a computerised vegetation measurement program. It is the result 
of work was done on a series of projects by the Department of Rangeland Ecology 
and Management at Oregon State University (USA) that measured and monitored 
vegetation on rangelands, agronomic fields and riparian areas. This software package 
was developed to chart or map vegetation in a sample quadrat on the ground, using 
photographs taken vertically downward. Special emphasis was given to accurately 
represent the position and area of plants in the quadrat and document their condition. 
Previously, hand charting of vegetation in quadrats, a very time consuming and 
tedious method, was used to collect cover estimates in the field. VegMeasure is a 
successful attempt to speed up the process. In addition, the protocol presented helps 
standardise the measurement process so that results are more uniform and reflective 
of the condition of vegetation growing on a site. 

Since its beginnings, VegMeasure has also been used to quantify streamside vegetation 
using low-altitude aerial photographs, over-storey cover using vertically upward 
photos from ground level, and distribution of weeds from aerial photographs by 
capturing distinctive flower colour. 

The software can be used on permanent quadrats to document change through time, 
such as spring plant growth or reduction of leaf area by grazing. Charting vegetation 
across several years with VegMeasure has allowed the project to quantify the increase 
or decrease of specific bunchgrass and forb cover to measure growth. Individual 
plant persistence and behaviour can also be measured via VegMeasure in vegetative 
communities (Annex Figure 3.3). 
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VegMeasure uses information gathered either from a digital camera, a video, a web cam, 
or a scan from conventional colour photographs or colour infrared photographs. These 
images can be processed in either real-time in the field using a laptop computer or they 
can be post-processed in the office. Most of the processing uses digital conventional 
colour images taken in the field with a digital camera. Typically one should GPS the 
location of each image then process the data later in the laboratory.

Given a set of images, VegMeasure analyse them according to either a preselected 
algorithm or a classification algorithm chosen by the user. The program then produces 
a report indicating the percentage of each class in each image as well as all images 
collectively. At its simplest, VegMeasure will classify an image into two classes and 
show the results on screen where the user can evaluate the data. Also included is a 
K-means algorithm that divides the image into a series of classes. This should facilitate 
identification of distinctive vegetation in the image. 

Additionally, VegMeasure supports interfacing to GPS units when they are attached 
via a USB port. When connected, VegMeasure automatically records the location (in 
latitude and longitude) of an acquired image.

Annex Figure 3.3: Sample output of processed images using VegMeasure 
software.
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