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Drought tolerant forages (left) and homemade feed (right) technologies

Simple water harvesting (lef) and labour saving (right) technologies

Vegetable (left) and milk (right) processing
Some of the technologies promoted in the study sites
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Executive Summary
This report covers progress made from January 2012 to December 2013. The project was
implemented in Uganda (Masaka and Ngora Districts), Kenya (Wote, Machakos peri-urban
and Wamunyu trading centre) Tanzania (Ilemela and Nyamagana Districts) and Burundi
(Songa, Matana and Ryansoro). The overall goal of the project was to “Enhance productivity
and competitiveness of integrated smallholder crop-livestock systems in Eastern and Central
Africa region through the promotion of market oriented integrated smallholder dairy and
vegetable production units while developing gender responsive innovations to boost their
resilience to the effects of climate change and variability”. The specific objectives were to:
(a) promote innovations to improve resilience and sustainable productivity of smallholder
dairy and vegetable production units in vulnerable of Eastern and Central Africa (ECA)
region; (b) promote pro-poor policies to facilitate transformation of dairy and vegetable
production units into sustainable and resilient profit making enterprises; (c) empower actors
along the smallholder dairy and vegetable value chain and; (d) enhance awareness and
knowledge on successful gender responsive information on dairy and vegetable value chain
innovations. Highlights of the project achievements are described. Baseline surveys were
conducted in the study areas and data were collected from 99 households. Country survey
reports were compiled. Additional (24) farmers were selected from each study site to evaluate
various dairy and vegetable related technologies. Fodder banks (e.g. Napier grass,
Brachiaria hybrid cv. Mulato, Giant Panicum, Chloris gayana, maize-forage legume
intercrop etc.) were selected and evaluated in a participatory manner in the study sites. The
forage interventions increased fodder availability (76%), milk yield (78.7%) and cash
incomes (52.4%). Average yield under Tumbukiza micro-catchment pits was higher (6.9
t/ha) than Napier grown in conventional planting (3.0 t/ha). This represented 230% more
fodder yield. Napier grass in Tumbukiza persisted the dry season and the foliage remained
green and healthy. Sixty six fixed knife forage choppers, 34 treadle pumps and 12 hay balers
were produced and distributed to stakeholders as labour saving technologies. About 40 ha of
various forage seed multiplication fields were established in the study areas. Farmers
producing Brachiaria hybrid cv. Mulato for fodder and seed/planting materials in Uganda
made a net profit of USD 1,360 per acre/year. Feed rations such as multinutrient feed blocks
based on locally available ingredients were formulated in Tanzania, Kenya, Uganda and
Burundi. Milk yield significantly (P<0.05) increased by 10-20% when lactating dairy cows
fed on low quality forages and crop residues were supplemented with multi-nutrient feed
blocks. Trials conducted in Tanzania indicated an increase in income from USD 1,040 to
1,525 when cows were supplemented with the blocks. Vegetable trials were established in
Kenya (24 households); Songa (24); Uganda (24) and Tanzania (19). Application of goat,
cattle or poultry manure with drip irrigation significantly (P<0.05) increased cabbage yield by
9%, 49% and 95%, respectively. Manure application on tomato fields improved number of
fruits/plant (15.2 vs. 23.2) and tomato yields (22 vs 44.t/ha). Two hundred (200) roof
catchments and surface-run off water harvesting reservoirs with a capacity of 10,000-30,000
litres and 133 drip kits were installed. A study aimed at evaluating and promoting effect of
drying methods on acceptability, nutritional and physicochemical quality, of green leafy
vegetables showed that moisture and water activity content were within the range permitted
for storage and preservation of dry foods. Solar dried and open-sun dried, raw or blanched
vegetables were significantly different (p<0.05) in acceptability. Blanched solar dried cowpea
leafy vegetable were liked for taste (score value 6.71) and flavor (6.21).
Policies affecting dairy and vegetable enterprises were reviewed and presented to
stakeholders. Studies were conducted to assess challenges faced by key actors in the
6

industry in the wake of absence of a legal framework regulating the industry. The findings
indicated that risk aversion related to poor feed quality, exportation of primary products
especially maize grain and bran and seasonal price changes and distant sources of raw
materials are the major challenges faced by feed manufacturers. Major challenges faced by
the veterinary department were: lack of legal backing to resolve conflicts among value chain
actors, absence of self-regulating mechanisms among suppliers and lack of feed standards. It
was recommended that an effective feed policy would lead to a thriving livestock industry in
Uganda with all farmers accessing and utilizing quality animal feeds for enhanced livestock
productivity, food security and farm incomes. An MSc study to assess “Farmers’ perception,
adaptation strategies and psychological determinants of climate change adaptation in
Uganda” showed that psychological factors have a significant impact on adoption of climate
change adaptation strategies and that government policies and projects aiming at
implementing adaptation strategies among smallholder mixed farmers should consider factors
prior to their execution of the projects. A study to assess environmental effects of various
climate smart agricultural interventions (CSAI) in the smallholder dairy-vegetable production
systems showed that soil fertility management interventions improved soil pH, soil nitrogen,
organic matter, earthworm density and microbial biomass by 8, 55, 94, 130 and 44.2%
respectively. Installation of roof-top water harvesting tanks ensured availability of good
quality water whose total coliform concentration was 529, 967 and 1400% lower than in
spring wells, ponds and run-off water harvesting tanks respectively. Fecal coliform
concentration in roof-top water harvesting tanks was 17 and 28 times lower than in spring
wells and ponds respectively. The study showed that CSAI have the potential to sustain high
productivity of crop livestock through enhancing soil fertility, water availability and feed
utilisation of animals. A number of dissemination pathways (regional and country review and
planning meetings, scientific papers, posters, leaflets, video documentaries, farmer manual,
MSc theses, farmer workshops, undergraduate special project reports, media, ICT such as
websites, e-mail and others) were used to disseminate research results within and outside the
region. Success case studies were documented in all study sites. About 8,456 (60.9%
women) stakeholders were sensitized on project activities. The major challenges in the
implementation of project activities were the long procurement process and high cost of
inputs. The key lesson learnt is that stakeholders are interested in the technologies; however,
most of them are resource poor farmers hence they need to mobilize resources to be able to
acquire some of the equipments such as irrigation kits and pumps. Another lesson learnt is
that farmers usually evaluate the technologies in a small scale before they adopt it
wholesome. The project purchased four vehicles, one milk cooling machine (Nyamagana site,
Tanzania), computer/laptops and accessories, digital camera and Power point projector.
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Participating countries and study sites
Country

Study sites

Uganda

Ngora and Masaka districts

Kenya

Wote and Machakos peri-urban centres and
around Wamunyu trading centre

Burundi

Bururi and Gitega provinces (Songa, Matana
and Ryansoro)

Tanzania

Ilemela and Nyamagana districts

Introduction/Background and Project Purpose
Dairy production system is a major source of milk, employment, manure and income for
smallholder farmers who account for over 80% of farming community in Eastern and Central
Africa (ECA) region. On the other hand, vegetables play a significant role in food security,
human health and income generation. The sustainability of these production systems in the
ECA region is threatened by adverse effects of climate change leading to scarcity of livestock
feeds, food and water, malnutrition and poverty. Consequently, there was need for concerted
efforts to reverse this trend.
A project on “Harnessing crop-livestock integration to enhance food security and livelihoods
resilience to effects of climate variability and change in ECA Region” was funded by
ASARECA as a second phase of an earlier project “Crop-Livestock Integration for
Sustainable Management of Natural Resources in ECA Region”. The first phase counted a
number of achievements ranging from identification, generation and dissemination of
technologies in dairy feed packages and feed conservation, soil fertility management, rain
water harvesting, small scale irrigation systems, value addition in milk and labour saving
technologies. These achievements led to increases in fodder yield, milk yield, vegetable yield
and household.
However, because most of the smallholder farmers in the ECA region are rain dependent, the
productivity and sustainability of the adopted technologies is greatly threatened by the
vagaries of climate variability and change. Climate variability and change affect the
production and nutritive value of vegetables, crop residues and forages as well as having
direct and indirect effects on livestock growth, reproduction, health and production. In this
view, improving the resilience and sustainability of smallholder dairy-vegetable systems
through boosting the adaptive capacity of smallholder farmers was a logical option envisaged
by implementers of the first phase of the project. The second phase of the project thus built
on the achievements of the first phase in which promising technologies and innovations
identified and generated were scaled out and up to increase competitiveness, income, food
security and sustainability of smallholder dairy and vegetable production while conserving
the environment.
The purpose of the project was to enhance utilisation of proven gender responsive
innovations for crop-livestock integration and build resilience and sustainability of
smallholder crop-livestock production systems in ECA
8

The specific objectives of the project were to: (i) promote innovations to improve resilience
and sustainable productivity of smallholder dairy and vegetable production units in
vulnerable areas of ECA region; (ii) promote pro-poor policies to facilitate transformation of
dairy and vegetable production units into sustainable and resilient profit making enterprises;
(iii) empower actors along the smallholder dairy and vegetable value chains and (iv) enhance
awareness and knowledge on successful gender-responsive information on dairy and
vegetable value chain innovations. This was Phase II of the project and focused on building
on the achievements made during phase I. The project activities commenced in January 2012
and ended in December 2013. Climate smart dairy and vegetable innovations and
technologies were scaled-out and scaled-up through participatory approach to increase
competitiveness, income, food security and resilience of stakeholders in dairy and vegetable
value chains.
Expected project Results
Result 1:

Result 2:
Result 3:
Result 4:

Generation of demand driven technologies and innovations to improve the
resilience, productivity and sustainability of smallholder dairy and vegetable
production units in the target areas enhanced.
Adoption of policy options by decision makers to improve performance of the
agricultural sector in ECA enhanced.
Capacity for actors along the smallholder dairy and vegetable value chains in
ECA strengthened.
Availability of information on agricultural technologies and innovations in
ECA sub region enhanced.

Project management and resources utilized
Financial report as on 20th December 2013
Country

Total budget (USD)

Uganda
Kenya
Tanzania
Burundi
Total

263,300
221,800
233,734
186,689
905,523

Procurements
a) Four double cabin pick-ups
b) Four Laptops
c) 4 cameras
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Amount spent as on 20th
December 2013
263,300
221,800
233,734
186,689
804,166

PROJECT KEY ACHIEVEMENTS
Highlights of key achievements during the period of January 2012 to December 2013 under
expected Project Results 1, 2, 3 and 4 are given in this section:
RESULT 1: Generation of demand-driven technologies and innovations to improve
the resilience, productivity and sustainability of smallholder dairy and
vegetable production units in the target areas enhanced
Activity 1.1:

(a)

Evaluate, scale out and scale up high yielding and drought tolerant forages
and conservation innovations
Regional and country inception/planning meetings

Because of regional participation in the implementation of project activities there was a need
to bring all collaborators on board to harmonize the project implementation process, reporting
procedures and adherence to donor expectations. As such, the activities of the inception
included
The workshop activities:
(i) Sharing country achievements from project phase 1
(ii) Reviewing phase 2 project documents and harmonize the implementation process
(iii)Concretizing project outputs, activities and indicators
(iv) Improving the project communication component/strategy
(v) Orienting the country project implementation teams on procurement requirements, Audit,
Financial reporting and Monitoring and Evaluation requirements in ASARECA funded
projects

Participants of the inception/planning meeting on 17th February 2012 at Fairway Hotel in
Uganda
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(b) Baseline surveys
Baseline surveys were conducted in the study sites in March 2012. A purposive sampling was
carried out to select 24 farmers (50% women) from each study site owning at least one dairy
cattle and 0.5 ha of established Napier grass. The selected farmers were individually
interviewed on household composition, labour availability, land resources, soil and water
management and livestock production practices. Other information solicited included
vegetable production and sources of water for irrigation. Information on challenges and
opportunities on dairy farming and vegetable production was also gathered. A total of 99
farmers were interviewed in Uganda (24), Kenya (24), Burundi (26) and Tanzania (25).
Country survey reports were produced.
Establish and evaluate fodder bank trials on-farms
Information on forage species, acreage established in the study sites is shown in Table 1.
Table 1:

Forage species, acreage established in the study sites

Country

Forage spp. evaluated

Uganda

Brachiaria hybrid cv. Mulato
Napier grass-forage legume intercrop
Napier grass monocrop
Maize crop-Lablab purpureus cv. Rongai
Calliandra calothyrsus

Burundi

Penisetum purpureum cv Cameroon
monocrop
Mucuna pururiens
Napier/Lablab purpureus
Napier/Neonotonia wightii
Guatemala/Neonotonia wightii
Napier/Mucuna spp
Guatemala/L.purperus
Napier alone
Guatemala alone
Chloris gayana
Tumbukiza micro-catchment

12

Lablab purpureus

94

Clitoria ternatea

94

Leucaena leucephala

45

Rhodes grass KAT R 3

120

Tanzania

Kenya

TOTAL

Activity 1.1

Number of direct
beneficiaries
120
48
24
24
100

10
8
12
8
3
8
12
4
15
94

Acreage
established (acres)
52
96
18
12
300-500 trees per
household
14
5
5
8
5
4
5
8
6
14
100-300
pits/household
0.12-0.4 ha/
household
Up to 0.12 ha/
househols
Upto 150 trees/
household
0.2-0.8 ha/
household

855

Effect of integrating drought tolerant forage grasses and legumes into
Napier grass based systems on fodder availability

A study was conducted in Uganda to develop economically feasible strategies for year-round
feed supply to dairy cattle. Intercropping forage legumes with Napier grass increased fodder
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availability by 50%, crude protein (CP) content by about 20% and feeding period (number of
days a cow was able to feed on fodder from a given area of land) by about 30% (Table 2).
Table 2: Fodder availability and feeding period of different forage banks
Forage banks
Parameter

Napier grass
and Centrosema
pubescens
mixture

Brachiaria and
Clitoria
ternatea
mixture

Napier grass SEM
monocrop

Mean DM yield (kg/ha)
Feeding period (days) from 0.5 ha
Crude protein content (%)
SEM: Standard error of mean

15,790
254.6
8.4

12,119
195.5
12.1

10,354
167.0
7.0

307
20.9
0.14

Additional fodder obtained from establishing 0.5ha of Brachiaria hybrid cv. Mulato and
Clitoria ternatea mixture on the same farms containing Napier grass and Centro mixture was
able to sustain a crossbred dairy cow (470+27kg live weight) throughout the year. This study
showed that the currently recommended acreage of 0.5 ha of a mixture of Napier grass and
forage legumes cannot sustain a dairy cow and its calf for a full year. Additional
establishment of 0.5 ha of a mixture of Brachiaria and forage legumes is recommended
during the dry season when production of Napier grass monocrop is disadvantaged due to
drought and poor agronomic practices.
On-farm trials were conducted in Nyamagana District of Tanzania to assess the effect of
intercropping forage grasses with forage legumes on fodder production. High yields were
obtained from both fodder grass though Guatemala had higher yield than Napier (Tables 3).
Table 3:

Forage yield from pure grass stand and grass-legume mixture on farmers
field Nyamagana District.

Parameter

Napier

Guatemala

Average herbage yield pure stand (fresh weight) (t/ha)

17.9

19.67

Average herbage yield pure stand (kg DM/ha)

15213

17112

Average herbage yield mix \Siratro (kg DM/ha)

13520

16570

Average herbage yield mix \lablab (kg DM/ha)

13809

14770

Higher fodder yield was recorded in grass–legume mixtures than pure grass stands. The high
fodder yield was mainly due to manure application. On the contrary forage legume might
have suppressed the fodder growth and hence lowered the yield.
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Activity 1.2

Evaluation of the performance of Napier grass under improved water
harvesting in semi-arid region of Eastern Kenya

“Tumbukiza” pits technology, a new paradigm of planting Napier grass, has been widely
adopted in Western Kenya as an alternative method for planting Napier (Orodho, 1999). The
pits provide micro-environment for nutrient and water thus prolongs the growth long in the
dry season. The pits store water and the Napier does not suffer from water stress during the
dry season (Nyambati et al., 2011). A farmer‟s participatory approach was adopted in upscaling the technology in Machakos and Wote towns within Machakos and Makueni
counties, respectively, of Kenya.
Towards end of first year (2010) of project implementation, all the farmers (69) who were
trained dug pits with 80% having dug <100 pits and only 20% with between 100-200 pits.
Farmers argued that they first needed to evaluate the technology in order to make informed
decision and secondly digging of pits was labour intensive and expensive compared with the
conventional methods of planting Napier grass. Further, they had allocated limited funds to
pay for casual wages for digging the pits. After the first year of project implementation, the
farmers‟ response was promising and they are investing considerable labour in digging the
pits particularly during the dry season when demand for labour in crop production is low. In
2012, farmers who had dug over 100 pits rose to 25% out of which 6% had dug over 200 pits
while in 2013 slightly over 10% of farmers had dug over 300 pits (Table 3).
Table 3:

Proportion of farmers with Tumbukiza pits in the peri-urban areas of
Machakos and Wote town. (n = 69 households)

No of pits
<100
100-200
200-300
>300

Dec 2010/ Dec 2012
Jan 2011

80
20
0
0

Feb 2013

% farmers with pits
75
57.3
19
33.3
6
2.7
0
6.7

Jul 2013

42.8
31.8
15.2
10.2

Growth and production of Napiergrass
There was poor establishment of Napier grass under conventional planting compared with
Napier in Tumbukiza pits because total rainfall was low and distribution was poor. Farmers
observed that generally growth was faster for Napier grown in Tumbukiza pits than in
conventional planting. Consequently the average yield under Tumbukiza pits in 2011 was
higher (6.9 t/ha) than Napier grown in conventional planting (3.0 t/ha). This represented
230% more yield. In 2012, most Napier under conventional planting dried up due to poor
rainfall and therefore comparison with yield from Tumbukiza could not be made. Napier
grass in Tumbukiza persisted the dry season and although growth was limited, the foliage
remained green and healthy. The survival and high DM yield obtained from Tumbukiza
technology was attributed to efficient nutrient use, better moisture collection and retention
and less competition in the pits. In subsequent seasons, the dry matter yield across all harvest
in Tumbukiza pits was variable between farms and this was attributed to different
management (Table 4). Mean DM yield was highest in June 2013. During a feedback
meeting, majority of the farmers indicated that they are willing to invest more money in
13

digging more pit to increase fodder production. Overall farmers were impressed by the
performance of grass in Tumbukiza and the fact that it survived the long dry season from
June – September 2012.
Table 4:

Dry matter yield of Napier grass grown in Tumbukiza pits in 16 farms in
peri-urban areas of Wote town
June 2012
Farmers

Feb 2013

June 2013

kg/ha

Joseph Kimee

2569

2678

4013

Francisca Ndemange

-*

2290

5645

Francis Kiio

2215
1560

2917

Gregory Kiema

2319
1214

Joseph Munyao

-

-

2868

Asumpta Kaumbulu

2469

2162

2150

3079

2478

5890

1155
2456

1090

2345

2105

2415

2190
2490

4578

Vincent Munywoki

2566
1450

Lucia Mutuku

1845

3490

6505

Rosina Kyalo

2345

2290

2872

Alex Ndambuki

1559

1768

2738
4549

Peter Waema

1489
3236

2346
2643

6506

Mean

2125

2253

3914

Benson Kikolya
Josua Musyoki
Philip Masika
Kyalo Nzioka

Rose Musyoka

2213

2657

*Grass not sample
Activity 1.3

Effects of intercropping maize crop with Lablab purpureus cv Rongai on
maize stover and grain production

In order to improve food and feed availability in smallholder maize cropping systems, forage
legumes such as Lablab purpureus cv. Rongai were introduced in maize cropping systems
about 21 days after the germination of maize seed (after the first weeding) (Kabirizi, 2006).
The results showed a significant (P<0.05) increase in total stover DM, maize grain yield and
crude protein (CP) content of the stover increased by 36, 7 and 57 percent, respectively when
maize was intercropped with Lablab compared to maize monocrops (Table 5). Such an
improvement in the quantity and quality of food-feed resources is key to improved feed
availability and nutrition of the dairy cattle during the extended dry season of 4-7 months in
ECA.
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Table 5:

Effect of intercropping maize with lablab on grain and fodder DM yields
and nutritive quality of maize stover

Parameter

Cropping system
Monocrop
Intercrop
b
Total stover DM yield (kg/ha/yr) 3,137
4,575a
Grain yield (kg/ha/yr)
1,867a
1,991a
a
Dry matter content (%)
41.2
40.1a
Crude protein (%)
4.6a
7.2b
ab
SEM=Standard Error of the Mean; Least square means within a
superscripts differ (p<0.05)
Activity 1.4

SEM
132.4
112.6
1.51
0.34
row followed by

Silage making, farmers’ assessment and chemical composition of silage

Silage making was demonstrated and tested on smallholder dairy farms in Nyamagana
district, Tanzania. A total of 32 farmers (17 men and 15 women) participated during the
demonstration and 10 of them were involved in subjective assessment of silage made from
Napier (Pennisetum purpureum) or Guatemala (Tripsacum laxum). The forage species were
established in pure stand in 5 small plots of Napier and 2 small plots of Guatemala of about
0.25 acres each. Farmers were allowed to access and give their subjective assessment on
colour (golden colour), aroma (smell nicely), attractiveness (appearance). The scoring was
done from 1–5 (1 like most – 5 dislike most) then percentages were computed (Table 6).
Table 6:

Farmers subjective appraisal on silage product obtained in Nyamagana
District, Tanzania

Variable

Colour (%)

Aroma (%)

Napier + Molasses + pit
Napier + Molasses + bag
Napier + maize bran + pit
Napier + maize bran + bag
Napier alone (Control)
Guatemala + Molasses +pit
Guatemala + Molasses + bag
Guatemala + maize bran + pit
Guatemala + maize bran + bag
Guatemala alone (Control)

96
93.5
90
91
84
98
100
94
95
85

100
98
88
82
86
98
96
96
96
81

Attractiveness
(%)
100
98
86
92
86
96
100
97
96
87

Samples of fresh fodder during harvesting and samples of silage product were taken for
determination of chemical composition at Department of Animal Science and Production at
Sokoine University of Agriculture. Table 6 presents the subjective farmer assessment on
silage produced after 70 days after ensiling.
On average there was similarity in colour, aroma and attractiveness of the silage product from
the two fodder grasses regardless of the type of silo and the type of sugar used. The control
scored the lowest in all parameters. The silage that had molasses scored high in almost all
parameters assessed. Farmers reported that they would prefer using molasses if could be
available in the agro inputs shops.
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Table 7 gives the crude protein content of the silage product from the two silos used and the
sugars used.
Table 7:

Percentage crude protein from silage product and during harvest when
cut and fed

Variable
Napier + Molasses + pit
Napier + Molasses + bag
Napier + maize bran + pit
Napier + maize bran + bag
Mean
Napier alone (Control)
Guatemala + Molasses +pit
Guatemala + Molasses + bag
Guatemala + maize bran + pit
Guatemala + maize bran + bag
Mean
Guatemala alone (Control)

CP(%)
10.1
9.7
10.4
10.5
10.1
8.2
9.3
9.6
9.8
9.7
9.6
7.3

CP (cut and fed) (%)
9.8
9.2

On average there was no significant different between the silage product and when it was cut
and fed. This was expected and was good enough for good silage from this fodder. The low
values of CP from cut and fed could have been due to losses during air drying of samples.
In Burundi, two farmer groups of 120 farmers (78 women) were trained on silage making for
dry season feeding. Farmers were mostly interested in the technology that uses a polythene
sheet. One silo of 1 x 1.5 x 0.8 m was made with the farmer group.
Activity 1.5

Validate the performance of simple and affordable labour saving forage
choppers, baling and silage innovation in Uganda

Hand chopping, which is the common practice among majority of farmers, has low output
capacity, the method is tedious, time consuming and quite dangerous to the operator. In an
effort to address some of the labour constraints in zero-grazing system, the National
Agricultural Research Organization (NARO) developed a metallic manual fixed forage
chopper (Figure 1) that is able to cut forage into small pieces more conveniently and quickly.
Eighty (80) simple fixed knife choppers were produced distributed to farmers in the study
sites.

Figure 1: Metallic fixed forage knife chopper
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A study conducted conducted in Uganda to assess the performance of a modified fixed forage
chopper showed that the forage chopper eased the forage chopping role, reducing a
dependence on hired labour. However, the context in which the forage chopper saves time
and labour needed to be clearly specified.
The dissemination of a modified fixed forage knife chopper among the ASARECA/NARO
project further confirmed the cost related constraints. In addition to this, other farmers‟ major
concerns were: the bulky nature of the machine that constrains its movement and storage; its
height that limits children users and the persistent limited involvement of users in the
development of the machines. These persistent setbacks in the uptake and use of the metallic
manual forage chopper have been the basis of redesigning the forage chopper.
Redesigning the forager chopper: exploring users’ innovativeness
In an effort to improve the uptake and use of the forage chopper, it‟s re-development has
focused on increasing users‟ participation in the process. Instead of introducing a completely
finished machine to the farmers, the new approach involved farmers in setting some of the
parameters required to ease machine operation and maintenance. Development of the new
model targeted materials of fabrication and size of the machine. Research into the adoption of
the first machine revealed a number of resources that could be used to lower the cost of the
machine. A combination of metal and wood was considered (Figure 2).

Figure 2:

Wooden detachable manual forage chopper

The size of the machine has been reduced, taking into consideration the ergonomics of
movement and ease of operation. It has been made detachable to ensure safety and security.
A t-test for comparing the use of the machine with the hand chopping method during wet and
dry season feeding showed that there was a significant difference (P = 0.021) when using a
machine during the wet season (Figure 3) whereas there was no significant difference during
the dry season (P= 0.059) (Figure 4), an aspect also evident in the time plots.

Figure 3: Time saving assessment of the wooden manual chopper
17

Figure 4: Time saving assessment of the wooden manual chopper
Users‟ assessment of the machine for benefits and constraints showed that minimal waste,
time saving and no accidents ranked high among benefits, whereas clogging and low hand
guard were the highly ranked constraints (Figure 5).

Figure 5: Users’ assessment of the machine
The re-designing of the machine that emerged from users‟ interaction with the chopper points
to two important aspects in technology development: (i) there is no “ready to use” machine
and (ii) users are not merely passive recipients of technology but they are usually involved in
designing and/or redesigning tools to make them functional. This implies that adaptation is a
continuous process, making it rather difficult to talk about the consequences of a technology
that arise after it is implemented. Users engaging with the forage chopper (re)configured it in
different ways to make it work better for them. Therefore, strategies need to be sought in the
technology development process of tapping into their innovativeness to turn out more
functional tools as part of an organized feedback process.
Activity 1.6

Application and suitability of fixed-knife forage choppers among small
holder dairy farmers in semi-arid Kenya

Twenty nine fixed-knife forage choppers were distributed to households with dairy cattle in
Machakos and Wote peri-urban areas and around Wamunyu trading centre. Approximately 8
months after their introduction a questionnaire was developed and pre-tested to gather
information on the overall application. The questionnaire consisted of two sections. The first
section solicited general information on the household characteristics including labour
availability for operation of the choppers while the second section was used to gather
information on suitability of chopper and constraints. In the first section of the questionnaire,
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the household head or the most senior person available was interviewed while in the second
section two household members of different gender, a male and female who operated the
chopper were interviewed. The questionnaires were administered in August 2013.
Design of the chopper
The chopper is made of light metals and consists of rectangular tray held by four metal bar
stands (Figure 6).

Figure 6: Fixed knofe forage chopper produced and tested in Kenya
It is generally slanting from height of 95.5 cm at the side away from the cutting edge to a
height of 81 cm at the cutting edge. The tray where the fodder is placed is 63 cm long and
35.5 cm wide. The length of machete used for chopping forage is 51 cm and weigh 0.5 kg.
Chopper operators
All age categories including children <10 years old and adults over 55 years old operated the
forage choppers. This is significant in that children labour contribution in dairy could be
enhanced through chopping of fodders. Studies have shown that children contribute slightly
less than 10% of labour in cutting forage for livestock in Kenya and Uganda (Njarui et al,
2012) partly because the rudimentary tools used are difficult for them to use. However, there
were disparity in proportion of chopper operators based on age and sex. Generally, the
proportion that operated the choppers was high reaching over 75% for both gender and sex
implying that chopping of fodders is an important activity for livestock. On average the
proportion of females who operated choppers was higher (86.7%) than males (80.8%). For
both sex (male and females) the highest proportion who operated the choppers were between
31-55 years old and lowest between 19-30 years old (Table 8).
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Table 8:

Proportion of males and females who operated the fixed-knife forage
choppers according to age category

Age (years)
10
10-18
19-30
31-55
>55
Average

Males
Frequency
(n)
13
17
25
25
11
91

Females
(%)
76.9
81.3
74.2
89.2
82.6
80.8

Frequency
(n)
13
15
21
23
8
80

(%)
84.7
94.9
69.9
95.5
88.6
86.7

However, the proportion of females who operated the choppers was higher in all the age
categories than for males except between those between 19-30 years old where the proportion
of males who operated the chopper was slightly higher (74.2%) than females (69.9%).This
clearly shows that women are important source of labour in dairy farming.
Chopper suitability and adjustment
Major benefits of using chopper included ability to chop large amount of forages in a short
time, save labour and reduce wastage of fodder by livestock. Universally, the ability to chop
large amount of fodders within a short time was reported to be most beneficial with
approximately 65% of operator ranking it first followed by ability to save labour (reported by
55 % of operator) (Figure 7).

% of chopper operatos

70
60
50
40
30
20
10
0
Increase feed
Chop large
intake
amount in short
time

Reduce
wastage of
forage

Labour saving Easy mixing of
chopped forage

Benefits of forage chopper

Figure 7: Major benefits of using the forage chopper for chopping forages
In principal, these findings agree with those of Kiyimba (2011) in saving labour. Although
easy mix for chopped fodders was highly ranked, normally, before maize stover is mixed
with molasses or forage legumes to improve intake by livestock, chopping is necessary.
Although majority of the operators felt that the chopper were appropriate with 96.1% being
satisfied with the overall design, there were parts that required adjustment to improve their
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applicability. However, there were differences in opinion between males and females on the
adjustment required but overall, the width and length of the tray and weight of machete were
the key components that required attention. Relatively a higher proportion of females (23%)
felt that the width of the tray needed to be increased while for males it was only 7% (Figure
9).

% of operators
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chopper
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machete

Weight of
machete

Chopper parts requiring adjustment

Figure 9:

Adjustment required on the fixed-knife forage chopper to improve its
suitability

Conversely a higher proportion of males felt that the length and width of the tray required to
be increased from current dimension of 63 cm. Likewise there was need to improve the
leverage of machete by increasing its weight from 0.5 kg. One farmer pointed out that the
aperture through which the machete moves as it cut the forage often blocked with bits of
forage cuts. Asked on the view of the replacement of cost of parts, all the respondents
indicated that the choppers had been in use for a limited period and they had not experienced
any worn out parts. Nevertheless, studies conducted in Uganda showed that replacement cost
of worn out parts was expensive and was hindering adoption (Kiyimba, 2013).
Activity 1.7:

On-station seed multiplication

To improve seed availability to farmers, there was need to bulk more seed of drought tolerant
forages. Table 9 shows forage species, acreage established and quantity of seed harvested in
the study sites.
In Uganda, 15 ha of Brachiaria mulato for fodder and seed were established on 10 farms.).
Other forage seed production activities in Uganda were under the Eastern Agricultural
Productivity Programme (EAAPP). Data on enterprise budget on Brachiaria Mulato shown
in Table 9.
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Table 9:
study sites

Forage species, acreage established and quantity of seed harvested in the

Country
Uganda
Kenya

Tanzania

Forage
species
multiplied
Brachiaria hybrid cv.
Mulato 1
Rhodes grass, KAT R3
Clitoria ternatea
Panicum maximum

Acreage
established (ha)
15

Quantity of seed produced and
distributed
2,000 sacs of splits

1.2
1.2
0.6

Leucaena
Lablab cv. Rongai
Napier grass cv.
Kakamega 1
Grass: (Rhodes; Buffel)
Grass Fodder :
(Napier; Guetamala)
Legumes: (Siratro,
Glycine, Stylo, Mucuna,
lablab, Blue pea)
Tree legumes: Sesbania
spp

0.3
2
2

350 kg
150 kg
100,000 splits (less than 20,000
splits were distributed)
280 kg
700
50,000 splits

10

520 kg Rhodes
70 kg Buffel

2
56 sacs of splits of fodder
4

280 kg of legumes seeds

0.75

20 kg Sesbania

Table 9: Cattle and non-cattle households
Gross income

Cattle household

Non-cattle household

Area (acres)

1

1

Bags of splits sold season1 (Number)

135

135

Bags of splits sold Season2 (Number)

90

90

Annual sales (Bags)

230

260

Price (Shillings/Bag)

20000

20000

Sales revenue (Shillings) (2 x 3)

4600000

5200000

Bush clearing (Shillings/Acre)

100000

100000

Land preparation labour (Shillings/Acre)

120000

120000

Quantity of planting material (Bags)

8

8

Price of planting materials (Shillings/Bag)

20000

20000

Cost of planting materials (Shillings/Acre)

160000

160000

Planting and manure application labour (shillings/Acre)

50000

50000

Weed control labour (shillings/Acre)

160000

160000

Manure - 2 truck loads per annum (Shilllings/Acre)

0

80000

Seasonal manure application labour (Shillings/Acre)

80000

80000

Harvesting, packing and loading labor (shillings/Acre)

460000

520000

Total variable input costs (Shillings/Acre)

1130000

1270000

Net profit (Shillings/Acre)

3,470,000

3,930,000

Variable Input costs (Shillings/acre)

22

The results indicate that dairy farmers who received Brachiaria mulato for multiplication and
integrating it into livestock feed had on average established 0.75 acres, sold about 230
bags/year of splits of planting materials to other farmers and fetched net profits of about
Uganda shillings 3.4 million (USD 1360) per acre per annum.

Clitoria ternatea multiplication field in Wote, Kenya
Non-cattle households whose fields regenerate faster given that they are not frequently cut to
feed cattle registered net profits of shillings 3.93 million (USD 1572) per acre per annum.
Farmers indicated that they were able to use proceeds of Brachiaria income through buying
household assets like chairs, investing in other farm enterprises like vegetable production,
maize and sweet potato growing by especially hiring labour, improved promptness in settling
school fees and others stated that they can now buy building materials in bulk to invest in
construction of rental housing units.
About 100 kg of Rhodes grass and 405 kg of seeds from three fodder legumes (lablab, clitoria
and Leucaena) were distributed to farmers for planting in November 2012. Using the
recommended rate of 5 kg of grass and 20 kg for legumes this is equivalent to establish 16
and 20 ha of pastures, respectively. Another 24 kg of Clitoria seeds was distributed to farmers
in March 2013. This has potential of establishing 3 ha using a seed rate of 8 kg/ha. In addition
over 25,000 splits and cuttings of fodder grasses (Napier and giant Guinea) were distributed
to farmers in November 2012 and about 3600 splits of fodders were distributed to 14 farmers
in March 2013 to improve their acreage on feed production.
Activity 1.8:

Development and evaluation of appropriate feeding packages

A study was conducted in Masaka district of Uganda to assess the effect of supplementing
lactating crossbred dairy cows with Maize stover-Calcium bentonite nutrient blocks on milk
production. Three experimental treatments including (1) supplementation with concentrates
containing bentonites, (2) supplementation with concentrates containing commercial mineral
premix and (3) supplementation with concentrates containing neither premix nor bentonite
(control) were allocated to the three groups of animals. The quantity of the supplement per
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animal per day was 500 grams. The quantity and costs of ingredients used in formulation of
concentrates are presented in Table 10.
Table 10: Amount and cost of ingredients used in formulation of concentrates
Ingredient

CP
(%)

Inclusion
level (kg)

Maize stover
Maize bran
Molasses
Cotton seed
Calliandra hay
Bentonite
Premix
Cassava flour
Total cost

6
10
5
45.2
28.3
-

20
20
30
10
15
5
1
4

Unit
cost
(Ushs)
50
500
330
1400
300
1000
5000
1500

Cost of concentrate
with no
bentonite/premix
1,000
10,000
9,900
14,000
4,500

39,400

Cost of
Bentonite
concentrate
1,000
10,000
9,900
14,000
4,500
5,000

44,400

Cost of
premix
concentrate
1,000
10,000
9,900
14,000
4,500
5,000
6,000
50,400

The cows were feed on a Napier basal diet. A-14 day adaptation period was allowed before
data collection and then milk yields were recorded for the subsequent 90 days. The milk yield
from the individual animals were collected and recorded daily twice a day at 08:00 hrs and at
16:00 hrs. Animals were dewormed at the start of the experiment, sprayed and had constant
access to clean drinking water.
The results showed that highest milk yields were recorded from groups fed concentrates
containing CB (Figure 10).

Figure 10: Variations in milk yield during the treatment
The results showed that highest milk yields (10.5 litres/cow/day) were recorded from groups
that fed concentrates containing Calcium bentonite. For every US $ 0.1 used in control
supplements, US $ 0.2 was received in return. Where concentrates containing bentonite were
used, US $ 0.8 was obtained for every US $ 0.1 while US $ 0.5 was obtained for every US $
0.1 used in premix concentrates. The study showed that aflatoxin and mycotoxin absorbing
properties of bentonite reduced the negative impacts of aflatoxin on feed utilization and milk
yield of animals. Calcium bentonite therefore has a potential to supply the required nutrients
to lactating animals to sustain high levels of milk production at even a much lower cost.
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Bentonite clays have binding properties, and when used, there is no need for use of other
binders like cement and cassava flour. This therefore reduces the cost of bentonite
concentrates as compared to premix based concentrates and thus increases the returns per unit
cost. Because of its expanding properties, bentonite reduces the rate of feed passage through
the animal‟s digestive system. The increased retention rate of digesta hence increases the
amount of nutrients absorbed into the animal‟s body and contribute to increased milk yield as
compared to other concentrates where rate of digesta flow is not altered. The aflatoxin and
mycotoxin absorbing properties of bentonite also help in reducing the negative impacts of
aflatoxin on feed utilization, growth and milk yield of animals. It was observed that
Bentonite acts as pH regulators in the rumen, as they control pH, they enable animals to
increase dry matter intake. The study results showed that Calcium bentonite has a potential to
supply the required nutrients to lactating animals to sustain high levels of milk production at
even a much lower cost. It is recommended to establish the appropriate levels of inclusion in
lactating animals‟ feed.
Activity 1.9:

Nutritive value, price and palatability of homemade multinutrient mineral
blocks in comparison with imported mineral blocks

In a study conducted in Burundi, farmers reported that although they were aware of the
importance of mineral blocks in lactating cows, the price of imported mineral blocks was
very high. The block comprised of the limestone; calliandra leaf flour; cement; water; bone
meal powder; molasses (sugar cane); premix; iodized salt (sodium chloride); rice bran and
urea.
The procedure for mixing the ingredients
a) Mix 2 kg of iodized salt with 2 kg of Urea
b) Dissolve the mixture in 6,5 l of water in which you‟ve steep 3 kg of molasses ;
c) Mix well in other recipient 1.5 kg of premix (mixture of various mineral and vitamins), 3
kg of bone meal 2.5 kg of limestome, 5 kg of cement that you add to the precedent
mixture;
d) Mix again 3 kg of calliandra leaf meal and 3 kg of rice bran to add to the precedent
mixture;
e) Continue to mix until a homogenous mixture is obtained
f) Fill the mixture in mould;
g) Dry in a shaded place, not directly under sun

Locally formulated mineral blocks
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Table 11 shows chemical composition of the blocks.
Table 11 shows chemical composition of homemade multinutrient mineral block.
Composition
DM (%)
Total nitrogen (%)
Total sugar component (%)
Phosphorus (%)
Calcium (%)
Sodium (%)
Zinc mg/kg
Cobalt mg/kg
Advantages of homemade mineral blocks

Multinutrient block
78.32
4.48
0.33
2.99
3.11
6.57
398
4.7

The results showed that the cost of homemade multinutrient mineral block was about 1.120
FBu (1$=1560FBu) whereas the cost of imported mineral block ranges between 3.600 and
5.000FBu (1$=1560FBu).The homemade blocks were more palatable than the imported
mineral blocks. The ingredients used are locally available: cement, limestone, calliandra leaf
flour, molasses, salt (NaCl), rice bran, bone meal, urea and premix.
Activity 1.10: Development of a user-friendly recommendation packages for lactating cows
A study was conducted in Ilemela and Nyamagana districts of Tanzania to identify potential
feed supplement resources (ingredients), formulate rations, evaluate (technical and economic
implication and develop a user-friendly recommendation packages for various categories of
lactating cows putting into consideration the market gain in order to suggest interventions for
increasing production efficiency along the milk value chain.
The formulated rations (treatments) were:
F - Control- farmers practice
R1- Maize bran, cotton seed cake and mineral
R2- Maize bran, sunflower cake and minerals
R3 - Rice bran, cotton seed cake and minerals
R4- Rice bran, sunflower cake and minerals
The ratios used for formulations were 75%, 20% and 5% for energy, protein and minerals
respectively. Each experimental animal received 5 kgs of a ration per day, divided into two
halves for morning and evening. Average milk yield were 14, 12.5, 11.9, 11 and 7.5 for R1, R2,
R3, R4 and farmers practice (control), respectively. There were significance differences in milk
gain (P<0.05) among rations (treatments) fed to lactating cows as supplements (Figure 11).
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Figure 11: Average milk gain per ration per cow per day
Economic analysis (partial budget) revealed that the costs of 5 kgs of rations which is the
amount supplemented per day per cow ranged between Tshs 980 –1750 while the cash gain per
cow and per day ranged between Tshs 1900-2500 as shown in Figure 12.
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Figure 12: Cash investment per ration versus cash gain per ration per day per cow
In the partial budget analysis the R3 which constituted Rice bran and Cotton cake gave a
highest return of Tshs 1,420 per cow and per day. In the enterprise profitability analysis more or
less similar trend was observed as indicated in Table 12.
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Table 12: Cost – benefit analysis of various rations per lactation period (9 months)
Description

No suppl.

R1

R2

R3

R4

Average milk per day per cow (Ltrs)

7.5

14

12.5

11.9

11

Total variable costs per cow per month (Tshs)

49,250

91,750

79,250

60,650

58,650

Total milk yield per cow per month (Ltrs)

240

349

346

340

331

Income per cow per month (Tshs)

240,000

349,000

346,000

340,000

331,000

Profit per month per cow (Tshs)

190,770

257,250

266,750

279,350

272,350

Profit per lactation period per cow (9 months)
Tshs

1,716,930

2,315,250

2,400,750 2,514,150

2,451,150

Diet R1 gave the highest milk gain of 2.5 litres per day per cow while R4 gave the lowest yield
of 1.9 litres per day per cow. However, gross margin analysis revealed the profit per lactation
period per cow of Tshs 1,716,930; 2,315,250; 2,400,750; 2,514,150 and 2,451,150 for Nonsupplemented, R1, R2, R3 and R4 respectively. From the study, it was recommended that
profitability of the dairy farming depends not only on the market of milk but strategies to reduce
feed costs especially supplements. However, capacity building and use of cheaper formulated
rations using locally available feed ingredients should be given priority.
Activity 1.11: Development and evaluation of appropriate feeding packages for
smallholder dairy farmers in semi-arid eastern Kenya
To establish the potential of dairy cattle in the project area in Kenya a study was conducted
using dairy meal as a supplement in Wote peri-urban. Twelve crossbred Friesian dairy cows
from six farms were selected and divided into two groups comprising of early-mid and midlate lactation. The basal diets consisted of natural pasture, grass hay and crop residues in a
semi-zero grazing system. The animals were allowed to graze in the morning and
supplemented with grass hay or crop residues in the afternoon.
Participating farmers were trained on feed supplementation and milk record keeping. Each
farmer was provided with dairy meal and mineral blocks for the experimental animals.
Mineral blocks were offered ad lib while lead dairy meal supplementation was used in a
cross-over design. The animals initially received 1 kg, each in the morning and afternoon
periods. Group one (mid-late lactation) received 2 kg of dairy meal per day throughout while
group two (early-mid lactation) continued with lead supplementation (increased amounts of
the supplement as long as the animals continued to respond by increased milk yield) up to 4
kg/cow/day during milking time. Daily milk yield was recorded by farmers and weekly
monitoring was done for a period of three and half weeks. Increased milk yields (Figure 13)
were impressive but varied within and among the animals and farms respectively (Figure 14).
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Figure 13: Effect of dairy meal supplementation on milk production

Figure 15: Effect of different levels of dairy meal supplementation on milk production
per cow.
The animals on lead supplementation, responded very well to 2 kg dairy meal with the
increased milk yield of 1.5 to 4.0 (mean 2.5+0.8) litres per day. The response to 3 kg was
good but declined to 0.1-2.7 (mean 0.9+0.9) per day. The 4 kg of supplement however did
not have a significant effect (p<0.05) on milk yields in almost all the animals and farms.
.
Activity 1.12: Reproductive and fertility indicators of dairy cattle in selected small-scale
dairy farms in the semi-arid Eastern Kenya
A cross-sectional study to catalogue reproductive and fertility performance indicators of dairy
cows was undertaken between June and July 2013 in three peri-urban clusters of Wote,
Machakos and Wamunyu. A total of 52 dairy herds located within 15 km radius away from
these towns participated from which 126 cows aged at least 2 years were sampled. One-off
visits to the selected farms were made and all cows that had been served examined per rectum
for pregnancy. Ovaries of non-pregnant cows were palpated for presence of follicles, cysts
and corpus luteum. The history of reproductive disorders including repeat breeding,
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abortions, dystocia and retained placenta for the participating cows was taken.
Results
A few cows were reported to have returned to heat three weeks post-service meaning such
cows failed to conceive on first insemination. Less than 10% of the cows served showed heat
signs post-service. Comparatively a higher number of cows returned to heat post-service in
Machakos and Wamunyu than in Wote cluster (Figure 16).

Figure 16: The proportion of cows showing and cows not showing heat signs three weeks
post-service in the peri-urban clusters of Machakos, Wote and Wamunyu
This was because in Wote cluster many farmers still preferred bull service in addition to
artificial insemination (AI) compared to the two clusters where AI was predominantly used.
Repeat breeding is an important source of economic loss in dairy herds. Causes of infertility
in cows with repeat breeding syndrome are usually unclear, but may probably include
management, environmental and animal factors (Peters, 1996; Levine, 1999). Usually, early
embryonic loss as a result of unfavourable uterine environment associated with endocrine
disorders that include ovarian steroid hormone concentrations may predispose to repeat
breeding. Where artificial insemination is the sole method of breeding, heat detection must be
properly done to avoid problems like return to heat by cows since this lowers conception
rates as was evidently clear from this study.
Pregnancy rates through rectal palpation were comparatively higher in the three peri-urban
clusters and ranged between 71% and 77% (Figure 17).
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Figure 17: Pregnancy rates among cows aged > 2years in the 3 peri-urban clusters of
Machakos, Wote and Wamunyu
Despite this high pregnancy rates, it has been reported that the loss of pregnancy after early
diagnosis is a factor that contributes to decreased reproductive efficiency (Starbuck et al,
2004). Evidence from the studies showed that 7% to 33% of pregnancies in lactating dairy
cows are lost between 28 and 98 days of gestation (Silke et al., 2002; Nation et al., 2003).
Dailey et al. (2002) postulated that most loss of pregnancy occurs prior to day 45 of gestation
meaning that pregnancy tests are done around this time to ensure cows that lose their
pregnancy are closely monitored for timely inseminations.
This study established that on average 2.6 inseminations (Table 16) were required per
conception among the repeat breeder cows as compared to the national average of 1.5
inseminations per cow per insemination (MoLD, 2010).
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Table 13: Cows returning to heat post-service and number of inseminations per
conception in the clusters of Machakos, Wote and Wamunyu
Cluster

Machakos
(n=43)
Wote
(n=38)
Wamnuyu
(n=45)
Total
(n=126)

% cows
returning to heat
after service
20 (9/43)

Minimum no. of
services/concept
ion
2

Maximum no. of
services/concepti
on
5

Mean services/
conception ±
SDEV
2.3 ± 0.5

10.5 (4/38)

2

3

2.8 ± 1.3

8.9 (4/45)

2

3

2.5 ± 0.6

13.1 (17/126)

2

5

2.6 ± 1.0

Although there was no significant (p>0.05) difference between clusters in regard to the
number of inseminations per conception, cows in Wote cluster conceived after slightly more
repeated inseminations compared with those in the clusters of Machakos and Wamunyu. A
study in Ethiopia reported that cows conceived after 3 to 4 inseminations (Mitiku et al., 2012)
which are slightly higher than what has been reported by this study. In the Indian subcontinent, repeat breeding has also been reported with conceptions occurring after an average
of 3.1 inseminations (Sattar et al., 2005).
Repeated services and generally poor reproductive performance in dairy cows leads to a loss
of substantial amount of milk. Ordinarily, calving intervals should not exceed 365 days for
cows within a well performing dairy herd (Roberts, 1986). It is reported that poor
reproductive performance attributed to interrupted breeding causes long inter-calving
intervals of 450 to 500 days with estimated loss of milk at between 450 and 500 million litres
worth over Ksh 4 billion have been observed in Kenya (MoLD, 2010). In Ethiopia intercalving intervals of 412 days have also been reported (Yifat et al., 2009). In the semi-arid
areas of Kenya, inadequate feeding is responsible for the infertility experienced in dairy
cows. Other contributory factors like poor heat detection techniques, poor herd health and
lack of herd recording for decision making may also be responsible for the poor reproductive
performance.
During this study, the 70 cows that had a rectal palpation conducted on them, 51 were out
rightly pregnant while 12 of the non-pregnant cows required another rectal palpation to
confirm their pregnancy status. The other 7 cows were not in-calf and exhibited varying
ovarian picture depending on the presence of absence of palpable structures (Table 14).
The presence of growing follicles on the ovaries of some cows was a sign that normal
cyclicity in these cows was happening (Table 14). Still some other cows had corpus luteum
(CL) another sign that the cows were also cycling normally. Since CL is an important factor
for embryonic health and the establishment of pregnancy in cows because of a suitable
progesterone level in the plasma during the dioestrus (Vernunft et al., 2013), it‟s of absolute
necessity to shorten its duration in non-pregnant cows. This structure should hence elicit keen
interest from the veterinarians and breeders since if left to persist will unnecessarily prolong
the inter-calving intervals through its progesterone block.
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Table 14: Ovarian picture of non-pregnant cows in the clusters of Machakos, Wote and
Wamunyu
Cluster
Machakos
(n=43)
Wote (n=38)
Wamunyu
(n=45)
Total

Non-pregnant
cows
2

Growing
follicles
1

Corpus luteam Nothing
(CL)
(anoestrus)
0
1

3
2

2
1

1
0

0
1

7

4

1

2

Some cows exhibited anoestrous since their ovaries were smooth and had no palpable
structures. This is another cause for concern for veterinarians, farmers and breeders. Since it
has been reported that cows in the semi-arid Kenya suffer from inadequate nutrition much of
the year (Njarui et al., 2009; Njarui et al., 2011), anoestrous is likely to be a major drawback
if lactating animals are not supplemented to cover for the nutrient deficits. A number of
unfavourable reproductive events such as abortions, retained placentas and dystocia were also
reported during this study which could be responsible for poor reproductive performance in
dairy cows
Activity 1.13: Nutrient and water management techniques for forage vegetables and dairy
production
Establish soil fertility status and nutrient recycling options on additional farms
Soil and manure samples were taken from 44 farms in Kenya (20), Tanzania (8) and Uganda
(24), Burundi (20) and soil samples were analysed for mineral content.
On-farm and on-station trials were conducted in Burundi to assess the effect of organic
manure application on Irish potato seed production from planting until harvested. The
farmers participated during harvesting time. Table 15 shows yields of cabbage grown under
different organic manure levels.
.

Harvesting of Irish potato in Songa
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Table15:

Mean values of some parameters as observed during the cabbage trial
(grown under different organic manure levels)
Days to harvest

Weight of a
cabbage

Yield

1.5

86a

1.1a

49.1a

1

86a

0.83b

40.7b

0.5
Mean
LSD 0.O5

90b
88
2.86

0.75c
0.87
0.09

35.9b
41.9
63.9

F-test
CV (%)

***
9.06

***
27, 26

*
6,73

Farm yard
(kg/plant)

Manure

The results showed that there were significant difference between organic manure levels
tested. Cabbage plants with 0.5 kg per plant were late harvested (90 days after
transplantation) while those with 1 and 1.5 kg were early harvested (86 days). Manure
application increased the growth rate and cabbage yield. Cabbages planted at 1.5 kg of
organic manure had a higher mean weight (1.1kg per cabbage). Mean weight for cabbages
with 1 kg of organic manure was 0.83 kg par cabbage. Thè cabbages transplanted with 0.5 kg
OM weighed 0.68kg per cabbage
In Tanzania, trials using organic sources of nutrients and water management technologies in
vegetables production were conducted in May 2012 in peri-urban areas of Mwanza city both
on-farm in farmers‟ fields and on-station (control) site at Nyakasanga. Tomato (variety:
Mwanga) was used as the test crop. Properties of the soil prior to experimentation in 2012
and cattle manure used are shown in Table 16. The soil was sandy loam to sandy clay in
texture, moderate acidic to moderate alkaline (FAO, 2008), low to medium in organic carbon
(0.05 to 1.96%) and very low to low (0.03 - 0.2%) in total N (Halzelton and Murphy, 2007).
Phosphorus and K were at low to very high levels (FAO, 2008; Halzelton and Murphy, 2007).
Calcium content was moderate to high (8.21 - 15.1 cmol (+)/kg). Furthermore, Cation
exchange capacity (CEC) which is responsible for nutrients retention in soils was low to
medium i.e. 9.17 to 20.6 cmol (+)/kg (MALDC, 1991; Halzelton and Murphy, 2007).
Generally, the soil used in the experiment was deficient in major nutrients and OC content
except P and Ca. This of course was expected for sandy soils due to the fact that sandy soils
are generally low in fertility.
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Table 16: Soil (0-30 cm) and cattle manure (CM) properties at the start of an
experiment
Soil

Sand

Silt

Clay

pH.H2O

OC

Av. P

K
-1

Site

g/kg

1

680

140

180

6.62

0.86

2

500

140

360

6.01

3

540

100

360

4

740

120

5

710

6

700

CM

TN

%

Ca

Mg

CEC

(mgkg )

cmol (+)/kg

0.11

39

0.38

8.35

1.47

12.0

0.74

0.09

32

0.35

8.21

1.45

20.6

5.93

0.63

0.08

21

0.28

9.21

1.63

20.2

140

7.42

1.96

0.20

23

1.4

15.1

2.46

13.8

130

160

7.04

0.35

0.06

8

2.3

9.96

1.76

9.21

120

180

7.38

0.05

0.03
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1.06

12.1

2.14

9.17

pH H2O

OC

TN

C:N

Na
-1

%

Source

Av. P

K

Ca

Mg

CEC

-1

(mg kg )

cmol (+) kg

A

9.83

1.70

0.19

9

189

0.58

0.9

31.9

5.63

45.86

B

9.59

1.52

0.16

9

128

0.59

9.9

32.1

5.67

45.24

C

8.86

2.02

0.20

10

166

0.42

7.8

19.1

3.37

46.96

D

8.94

1.37

0.15

9

157

0.39

0.3

17.4

3.06

44.72

E

10.10

1.39

0.15

9

174

0.69

13.7

28.9

5.1

44.79

TXT = Soil texture, SL = Sandy loam, SC =Sandy clay, TN = total nitrogen (Org N + NH 4+ + NO3-), OC =
Organic Carbon, Av.P: available phosphorus, K: potassium, Ca: Calcium, Mg: Magnesium, CEC: Cation
exchange capacity, A - E and 1-6: are different farmers of which soil/cattle manures were collected

Table 17 shows the effect of manure application on tomato yield.
Table 17:

Effects of Farmyard manure on the yield of tomato crop during the first
season (May - August 2012)

Cattle manure
rate (t/ha)
0

pH
5.73b

Organic
Carbon
0.42a

Total
Phosphorus Calcium
Nitrogen
0.08a
0.62a
3.87a

Mag

2.5

5.56ab

0.47a

0.09a

0.65a

4.07

0.82a

5

5.44a

0.53a

0.11a

0.68a

4.97a

0.94a

10

5.41a

0.89b

0.18b

1.27b

6.90b

3.49b

CV (%)
SEM

1.3
0.07

16.3
0.09

14.8
0.02

17.2
0.14

33.7
1.67

24.3
0.37

0.81a

Different letters in the same column indicates significance differences (Turkeys‟ test, p < 0.05). Values followed
by the same letter(s) in a column are not significantly different at p = 0.05 according to Duncan‟s multiple range
test (DMRT). FP = Farmers Practice/control. Essential plant nutrients like Phosphorus and Nitrogen increased
followed addition of manures from a minimum amount of 21 mg kg -1 soil to 43 mg kg-1 soil and 0.09 to 0.11%
respectively (Table 16).
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Activity 1.14: Potential of micro-scale drip irrigation in increasing productivity of
vegetables and livelihoods of smallholder crop-livestock farmers in semi-arid
eastern Kenya
A study was conducted in the peri-urban areas of Machakos and Wote towns and Wamunyu

market in semi-arid Eastern Kenya with the aim of documenting productivity, costeffectiveness and constraints associated with the use of micro-scale drip irrigation technology
for vegetable production in the smallholder crop-livestock production systems. Prior to
setting up the irrigation plots, farmers were trained on preparation of planting beds, weeding,
installation and management of the irrigation system. The participating farmers were
thereafter assisted in the installation of the drip irrigation kits and provided with note books
for keeping records on cost of inputs, yields and cash accruing from sales of produce. Soil
and manure samples were collected from the selected farms and analyzed for nutrient
contents. A checklist was used to capture constraints associated with the utilization of the
drip irrigation technology and samples of water used for irrigation were collected from
various sources and analyzed to determine salinity levels.
Soil characteristics
Soil chemical characteristics of five of the six farms are shown in Table 18.
Table 18: Soil chemical characteristics of five of the six farms in the study areas
Soil
property

R.
Musyoka

Mutuku
Kilonzo

Onesmus
Masisya

Celestine
Suti

Joseph
Nzioka

Mean

pH
Total
N
(%)
P
(mg/kg)
K (%)
Org.
C.
(%)
Ca (%)
Mg (%)
Mn (%)
Cu (mg/kg)
Fe (mg/kg
Zn (mg/kg)

6.90

6.42
0.10
20
0.62
0.95
2.1
3.68
0.11
2.14
18.7
3.39

6.56

6.58

6.16

0.08
2.0
0.42
0.51
2.4
1.00
0.14
1.92
19.7
1.33

0.09
109
0.93
0.90
3.9
2.88
0.59
2.37
33.9
9.54

0.14
25
0.52
1.15
2.3
2.48
0.11
1.76
21
5.60

6.52
0.10
33.80
0.58
0.89
2.54
2.29
0.27
2.54
26.88
4.27

0.08
13
0.42
0.94
2.0
1.42
0.41
4.49
41.1
1.51

In all the farms, organic carbon (Org. C.) and total nitrogen (N) were low. Phosphorus (P)
levels were low in three farms and zinc levels were low in two of the farms. These
observations were mainly attributed to intensification of cultivation without adequate
replenishment of nutrients that are lost through various pathways.
Vegetable production
Augmenting cattle manure with a source of N on one of the 3 farms ( Onesmus Masisya‟s)
where the crops were top-dressed with calcium ammonium nitrate (CAN) significantly
(p≤.0001) increased yield of tomatoes, even at a low rate of 13kg N/ha (Table 19).
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Table 19: Effect of Nitrogen application on the yield of tomatoes in a smallholder farm
in Wamunyu

Treatment (kg
Yield, fresh weight
N/ha)
(t/ha)
0
41.1 d
13
55.9 c
26
65.3 b
39
62.5 b
52
94.2 a
Column values followed by the same letter were not significantly (p≤.0001) different
Economic analysis from 6 farms with reasonably reliable data on cost of inputs and value of
outputs showed that the benefit-cost ratio ranged from 1.5:1 to 8.6:1 (Table 20), indicating
that with drip irrigation there is a potential for a farmer to earn an extra Kenya shillings 7.60
for every shilling invested.
Table 20: Economic analysis (Benefit-cost ratios) from six farms
Name of
farmer

Crop

Cost of production (Kshs.)

Yield
Fresh

Drip kit

Labour

Pesticides

seedlings

Water

Rose
Musyoka
Mutuku
Kilonzo
Onesmus
Masisya
Celestine
Suti
Kimondiu

Tomatoes

900

1,000

920

300

0

Total
cost
3,120

Tomatoes

900

1,800

2,100

250

0

Tomatoes

1200

750

1,800

0

Tomatoes

1200

500

640

Spinach

1200

9,000

Joseph
Nzioka

Tomatoes

1200

5,000

- Value ofBenefitwt produce cost ratio
2
(kg/90m ) (Kshs.)
671

26,840

8.6:1

5,050

626

25,040

5:1

0

3,750

574

12,000

3.2:1

0

0

2,340

161

7,950

3.4:1

500

200

3,000

406

20,285

1.5:1

2,000

300

0

13,90
0
8,500

220

22,000

2.6:1

For the cost of the drip kit, it was assumed that with good care the kit would last for 5 years
(10 seasons), in which case the cost was distributed uniformly over 10 seasons.
One of the farmers (Rose Musyoka) planted tomatoes in pits on the remaining portion of the
land set aside for vegetable production using spot irrigation. Drip irrigation covered an area
of 90 m2 while the area under spot irrigation was 256 m2. She harvested 671 kg of tomatoes
(fresh weight) from the drip irrigated plot or 9.53 kg/m2, which is equivalent to 95.3 t/ha, and
639 kg from the spot-irrigated area or 2.49 kg/m2, which is equivalent to 24.9 t/ha, indicating
that with drip irrigation she was able to increase her tomato yield four times.
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Activity 1.15: Improvement of post-harvest handling and storage innovations of dairy and
to respond to market needs
Green leafy vegetables are a very important food group among the diets of individuals
because of their high nutritional value (PROFAV, 2011). They are not only rich in nutrients
but also nutraceuticals and antioxidants such as alpha tocopherol and anticancer agents.
Vegetables are eaten as accompaniment to a dish, or sauce and contribute to the health,
nutrition, food security and well-being of the human body. Many vegetables have short
growth period, require minimal attention, and are favoured by nutrient-rich soils.
Blanched or un-blanched green leafy cowpea vegetable, subjected to open sun drying and
solar drying in Ngora district, Uganda, and packaged in HDPE package gauge 200 was
evaluated for acceptability and physicochemical changes during storage. Acceptability was
determined by hedonic rating, and moisture, water activity and colour changes were
determined soon after drying and during storage. Data was analyzed using SAS (1999) and
Genstat computer packages.
The results showed that vegetables attained water activity levels <0.6 and moisture content
less than 9.0% on drying (Figures 18 and 19).

Water activty variation in dried packaged cowpea leafy
vegetable

0.6

Water activity level

0.5
0.4
0.3
0.2
0.1
0
Blanched,
solardried

Blanched,
opensundried

Unblanched,
solardried

Treatm ent

Unbanched,
opensundried
<1 w eek

One month

Figure 18:
Effect of processing treatment and storage duration on water activity
level in dried cowpea vegetables

38

10
9

Moisture content

8
7
6
5
4
3
2
1
0
So/Raw

So/Blanched

OSDr/Raw

vegetable type

OSDrBlanch
<1 week
One month

Figure 19: Variations in moisture content for dried cowpea vegetables during storage
Specifically blanched cowpea leaves attained lower moisture and water activity compared to
raw dried leaves. The moisture content and water activity were within the range permitted for
storage and preservation of dry foods (FAO, 1995; Cano-Chauca et al., 2004), and agree with
findings made elsewhere (Kudjawu et. al, 2011). Low moisture and water activity were
important as explained (FAO, 1995; Cano-Chauca et al., 2004) to prevent physical-chemical
and microbiological alterations that could occur during storage of a food product, hence
ensuring product conservation.
Increases in both moisture and water activity contents after storage for one month could be
explained by the type of packaging material and moisture absorption upon opening of
packages prior to analysis. There was no significant change (p<0.05) in water activity for
dried packaged vegetables (Figure 2) after one month storage.
Changes in colour were not definite after one month, save for the rise in L* and b* values
(Table 21). An increase in the positive b* values was a result of loss in colour (increasing
yellowness during drying, which could be explained by the loss of pigments such as
chlorophyll and carotenoids from the leaves caused by the two processes, blanching and
drying (Kidmose et al., 2005). Positive increase in a* values (i.e. reduction in negative (–) a*
values) was noticeable after storage of one month, which could be indicative of loss of the
green colour and a result of browning upon processing and storage. In general, raw dried
vegetable leaves were lighter (higher L* values), green (increasingly –ve a* values) and
yellow (higher +b* values) after drying, compared to the blanched cowpea leaves. The colour
changes however were dependent on the vegetable species. It was notable that dried blanched
vegetable leaves became darker upon drying (lower yellowness (+b)) index values, negative
„Hue‟ values). Assessing formation of browning in dried food helps in selection of the
appropriate drying technique, so as to minimize the degradation of quality in terms of colour
(Pankaj, 2013). In this study the browning index was determined based on L*, a* and b*
colour values and in comparison with the freshly harvested vegetables, to determine extent of
browning caused by processing, drying and storage. Large negative values for the browning
index were observed in „dried raw‟ compared to „dried blanched‟ vegetables (Table 14). The
large negative values could be explained by the increase in formation of the brown pigments
due to enzymatic browning, as well as oxidation reactions enhanced by heat (Pankaj, 2013).
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Table 21: Means ( SE) for colour changes in dried cowpea leafy vegetables during
storage
Type
of
vegetable

ColoL

Coloa

TCD1

Colob

Yellowness
index

Browning
index

hue

a

9.25

29.43
2.44 a



-1467.87
89.65 b



6.87
1.97 a



-6.31
2.83 b



1.10
b

3.95 
0.17

14.88
0.20 b



-966.93
32.23a



2.96
0.53 b



-1.34
0.01 a





-1573.98
6.77 c



7.61
0.23 a



-2.89
0.17 a



-943.37
12.01 a



3.25
0.13 b



-1.10
0.07 a





5.73
1.19 a

-3.63
0.58 b



< 1 week after drying

Raw solar
dried
Blanched,
solar dried

Raw, open
sun dried

Blanched
open
sun
dried

44.80
1.62 a



37.90
1.16 b



45.60
0.14 a



-7.28
0.13 c



a

9.00 
0.26

28.19
0.75 a

39.30
0.23 b



-4.15
0.06 a



b

3.45 
0.17

12.54 0.56

-6.65
0.40 b



-4.25 0.17
a

c

After one month storage

Raw solar
dried
Blanched,
solar dried
Raw, open
sun dried
Blanched
open
sun
dried

43.90
1.16 a



-6.55 0.06

42.15
0.29 b



-5.80
0.12 b

45.15
1.33 a



-6.45 0.17

39.38
0.57 c



c



c

-4.25 0.19
a

27.65
0.40 a



-1437.81
14.60 c

7.50
0.02 b

25.42
0.17 c



-1288.88
20.38 b

8.40
0.46 a

26.56
0.68 b



-1416.26
36.90 c

3.58
0.32 c

12.96 1.05

-962.32
36.57 a

8.50
0.35 a



d

3.66
0.28 b



-3.54
0.35 b





6.84
1.42 a



-3.68
0.53 b





3.150
0.27 b



-1.12
0.11 a



Largely negative browning indices could further be explained by the long duration of
exposure to sunshine (Demirhan et al, 2009), of vegetables under drying. It is notable that the
drying time ranged between 9 to 24 hours depending on the weather.
Acceptability evaluation
Sensory evaluation could be considered the most important aspect of food quality. It reflects
consumer preference. Sensory evaluation of vegetables brings about very valuable
information on quality characteristics and level of acceptability with a consequence on
adoption potential. According to Abbot (1999) and Eze et al, (2012), sensory traits of
vegetables are the main factors that determine consumer‟s satisfaction.
Results revealed that apart from the control, dried cowpea leaves were not significantly
different (p<0.05) in appearance, taste, flavour, texture and overall acceptability (p<0.05).
Blanched solar dried cowpea leafy vegetables however, were comparatively more acceptable
in taste, flavour and texture than the blanched open sun dried, and other dried cowpea leaves,
though less acceptable than the control (Table 22).
1

TCD = Total colour difference

40

Table 22: Mean organoleptic scores for cooked cowpea leafy vegetables
Cowpea leaves type

Attribute scores
Appearance
Taste

Blanched, solar dried
6.458b
Blanched, open sun- 6.125b
dried
Raw, solar dried
6.708b

6.708b
5.917b

6.208b
5.458b

5.625b
4.542b

Overall
acceptability
6.542b
5.833b

5.833b

5.625b

5.042b

5.667b

6.542b
8.250a
1.093

6.083b
7.875a
1.162

5.500b
7.708a
1.059

5.500b
7.333a
1.778

6.292b
7.958a
1.256

Raw, open sun-dried
Fresh leaves (control)
LSD values

Flavour

Texture

Farmers liked blanched solar dried cowpea leafy vegetable especially for its taste and flavor.
Raw dried cowpea vegetables were moderately liked for appearance, but only slightly liked
for flavour, taste and texture. The relatively natural green colour after cooking could explain
the average high appearance scores for un-blanched leafy vegetables. Analysis of variance
showed that taste and texture were important to decide the acceptability of dry processed
vegetables (p<0.05). Overall, blanched solar dried cowpea leafy vegetables were more liked
compared to other treatments.
Activity 1.16: Support establishment of additional collection centres for dairy production
Support of Milk collecting Centre was implemented in Nyamagana, in Mwanza city
Tanzania.

Figure 20: New milk collecting Centre in Nyamagana, in Mwanza city Tanzania
It is one of the major activity, with the main purpose of improving market efficiency through
strengthening producer – trader - consumer linkages and communication. The Centre has
been established jointly between producers, and the ASARECA crop - livestock project. The
Milk cooling Machine facilitated by the Project has been installed and farmers have started
using it though training and operational guidance is mostly needed.
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Activity 1.18 Socio-economic analysis of recommended technologies and markets
innovations
A number of case studies were conducted to evaluate socio-economic impact of the
technologies and interventions.
(a) Beneficiary perception of climate change adaptation technologies
A study conducted in Uganda to assess the impact of climate smart agriculture interventions
(water harvesting and drought tolerant forages) on milk yield and household income. A semistructured questionnaire was used to collect data from 24 project beneficiaries and 24 nonbeneficiaries. Table 23 shows socio-economic benefits of climate change adaptation
technologies.
Table 22: Socio-economic benefits of climate change adaptation technologies
Beneficiaries
NonF-test
IA
(n=24)
beneficiaries (n=24)
Household characteristics
Mean
SD
Mean
SD
Land size (ha)
1.7
1.2
1.6
0.9
0.12NS
Cattle (number)
1.5
0.5
1.3
0.7
0.03NS
Fodder area (ha)
1.1
0.3
0.5
0.3
14.4**
134.1
Feed offered cow-1 day-1 (fresh) 55.4
12.3 31.4
7.2
5.7*
76.4
-1
Water offered (L day )
106.1
57.4 101.4
20.5
6.1*
46.3
Milk yield (L day-1)
10.6
7.2
5.9
3.1
4.3*
79.7
Revenue (US $) from milk yield 676.9
48.2 444
64.1
1.66NS 52.4
cow-1 year-1
***=significant at 1%, ** = significant at 5 %; NS = not significant SD: Standard deviation;
IA: Intervention advantage
Introduction of water harvesting and drought tolerant forage technologies improved milk
yield and household income by 79.7% and 52.4%, respectively. Area under forage
production, fodder quantity and water availability increased by about 134%, 76% and 46%,
respectively. Farmers were able to harvest 56 kg-1 day-1 of fresh fodder for one cow.
Rainwater harvesting stretched water availability from 4 to 6 months; and drip irrigation and
soil water management enabled beneficiaries to have vegetables throughout the year.
The ability of farmers to store up to 35,000 L of water per season led to a shift in family
labour from fetching water to other income generating activities. Moreover, increased
availability of water improved milk yield considerably. Water shortage during the dry season
is a major constraint in smallholder crop-livestock systems in ECA region, and women and
the youths travel up to 6 km daily in search of water (ASARECA, 2011). Hence, efforts
targeting water harvesting presented great potential for alleviating poverty and food security
in the climate change stressed region. Nevertheless, there is need for identification of optimal
water application systems aimed at achieving high production efficiencies, coupled with
evidence based economic potentials.
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(b) Farmers’ perception, adaptation strategies and psychological determinants of climate
change adaptation in Uganda
A study was conducted in Masaka and Ngora districts of Uganda to identify major
psychological factors that determine adoption of climate change adaptation measures. The
study results showed that crop-livestock farmers in both study areas perceived a change in
climate in terms of rainfall and temperature parameters as well as seasonal variability (start
and end of rainfall seasons). These perceptions were in line with the climate change trend
attained from the analysis of historical climate data for the study areas. The major climate
change adaptation strategies in both districts were: soil fertility management (42.5% of
respondents, n=40), water harvesting and small scale irrigation (64.5%), soil and water
conservation (20%) and use of drought tolerant forages (100%). Adaptation strategies that
were missing but could be considered relevant in improving resilience to climate change in
both study areas included; change of planting dates, crop diversification, pasture
conservation, use of green houses for vegetable production and access of credit. Information
channels used to deliver climate change information, the rate given to climate change by
farmers, level of climate change information possessed by the farmer, house hold size and
societal beliefs were the psychological factors determinants of adopting climate change
adaptation. In conclusion, psychological factors have a significant impact on adoption of
climate change adaptation strategies. It is thus recommended that government policies and
projects aiming at implementing adaptation strategies among smallholder mixed farmers
should consider factors prior to their execution of the projects.
(c) Understanding the underlying mechanisms of silage making by small-scale dairy
farmers in Masaka, Uganda
A study was conducted to understand the underlying mechanisms of Silage making
technology (SMT) that hinder or facilitate its utilization. The research was guided by
technographic methodological approach and the realistic evaluation analytical framework.
Findings of the study showed that the low rate of silage uptake by smallholder dairy farmers
was mainly related to the fragmentary nature of silage-making implementation. The result
further showed a great variation in the rate of uptake the technique depending on the access to
secured or sustainable markets, access to land, group labor, and possession of productive
animals. In conclusion, the study elucidated that adoption and adaption are interlinked,
continuous and multi-directional processes. Furthermore, integration of SMT within the
existing practices demands the full participation of actors to work closely in capturing the
socio-technical mechanisms beyond the strictly technical packages itself.
(d) Assess the degree and extent of uptake of the introduced dairy, vegetable and forage
innovations
In Kenya a study was carried out to determine the level of technology adoption among dairy
farmers in in Machakos and Wote urban centres by an MSc student from South Eastern
University College in Kitui County. Data collection and analysis is complete and
documentation is being undertaken.
Some of the research questions the study aims to answer are:
a) What are the technological innovations that have been disseminated and adopted by the
peri- urban dairy farmers and what is the level of the technologies‟ adoption amongst the
dairy farmers in peri-urban production system?
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b) What is the performance of the peri-urban dairy production upon adoption of the
innovations with reference to the technical and allocative efficiency?
c) What are the socio-economic household characteristics influencing technology adoption
in the peri-urban dairy production system?
A study to assess adoption of verified interventions was conducted in Burundi. Out of the 10
livestock keepers who participated in the trial 6 farmers were found to use supplements two
months after end of experiment. Apart from 10 farmers who participated in the trial, training on
the innovations has been conducted to 22 households. The way forward is produce leaflets in
English and Swahili, to be distributed to livestock keepers during Nane Nane Agriculture shows
in August 2013.
(e) Environmental assessment of climate smart agricultural interventions in smallholder
crop-livestock production systems
A study was conducted to assess the effect of project interventions on selected environmental
parameters particularly on soil, air and water quality in smallholder agricultural production
systems of Uganda.
Description of project interventions
Soil fertility management and nutrient recycling interventions included utilization of animal
manures (both poultry and cattle manure) from zero grazing and poultry units for crop and
forage production. Particularly, the project promoted the cultivation of leafy vegetables using
cattle manure (VCM) or poultry manure (VPM). The project also introduced and promoted
the cultivation of drought tolerant forages particularly Brachiaria mulato (1) to mitigate
drought-induced forage scarcity. Emphasis was put on the production of the forage using
cattle manure obtained from animals (BCM). Also, the project promoted the integration of
forage legumes into Napier based fodder production systems (NL) as a means of enhancing
the nutritive value of the forage offered to animals as well as improving the nitrogen
composition of soils through nitrogen fixation. Highlights of the results are indicated below:
Effect on soil quality
Amendment of soil with animal manures improved soil pH towards neutral conditions. The
average value for soil pH (6.7) in all project intervention plots was approximately 8% higher
than the benchmark value. Other than plots subjected to Napier based fodder production
systems, the mean composition of soil nitrogen for the remaining project interventions was
55% higher than the benchmark value. The highest increment in soil nitrogen was obtained in
vegetables using poultry manure (VPM) plots and was 44% higher than the benchmark value.
The mean content (2.7%) of soil organic matter for all project interventions was 94% higher
than the benchmark value (1.39). Highest value (2.97) of soil organic matter content was
obtained from plots subjected to Brachiaria where cattle manure was applied (BCM) and
vegetables using cattle manure (VCM) interventions and was 10% higher than the mean
value for all project interventions. Other than plots subjected to Napier grass-forage legume
(NL) intervention, project interventions improved soil phosphorus (P) beyond 20ppm, the
critical value of P below which the nutrient limits plant performance. The mean value of P
from VCM, BCM and VPM was 133ppm, over 100% higher than the value (9.5pmm) in
control plots. Amendment of soils with animal manures was also noted to cause noticeable
increments in soil potassium (K). The mean value of K from VCM, BCM and VPM was 1.26
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Cmoles/kg and this was 384% higher than the benchmark value (0.26 Cmoles/kg). A similar
trend was observed for cations of Sodium, Calcium and Magnesium. The average number of
macro-detritivores (particularly earthworms) from all project intervention plots was 130%
higher than the benchmark. The highest number of earthworms was obtained from plots
under VCM intervention and was 300% higher than the benchmark value. A similar trend
was observed for micro- detritivores where the mean quantity of microbial biomass for all
project interventions was 44.2% higher than the benchmark value (26.52 mg/kg). Also,
highest quantity of microbial biomass was obtained from plots subjected BCM intervention
and was 55% higher than the benchmark value. Correlation analysis tests between selected
chemical and biological soil properties indicated that there were significant positive
relationships between soil organic matter and microbial biomass (r= 0.975, p=0.005) and pH
vs soil nitrogen (r= 0.916, 0.029).
Effect on water quality
Installation of roof-top water harvesting tanks by the project ensured availability of water
with low microbial contamination to smallholder crop livestock farmers. The concentration of
total coliforms in roof-top water harvesting tanks was 529 and 967% lower than the
concentration in spring wells and ponds respectively. Further, the concentration of total
coliforms in roof-top water harvesting tanks was 1400% lower than the concentration in runoff water harvesting tanks. The same trend was noted for faecal coliform concentration were
the value in roof-top water harvesting tanks was 17 and 28 times lower than the values in
spring wells and ponds respectively. Also, the concentration of faecal coliforms in roof-top
water harvesting tanks was 18 times lower than the concentration in run-off water harvesting
tanks. No faecal coliform contamination was found in tap water and water from roof-top
water harvesting tanks. The lowest value of total suspended solids was obtained in roof-top
water harvesting tank and was 75, 325, 337 and 338% lower than the values from tap water,
ponds, spring wells and run-off water harvesting tanks respectively. The turbidity of water
from roof-top water harvesting tanks was 33, 367 and 567% lower than the values for run-off
water tanks; pond and spring wells respectively. The concentration of NH4+, NO2-, NO3, total
P and total N were all below the critical values above which water is considered unsafe for
human consumption. Also, the pH of water from all water sources ranged between 6.5 and
6.8 and was within the recommended range of 6-8.
Effect on air quality: simulated methane emissions from dairy cattle
Simulation of rumen methane production indicated that dietary packages deficient in protein
resulted into lower methane emissions but the same packages led to higher methane to milk
ratios (Table 5).
RESULT 2: Strengthened capacity for actor along the smallholder dairy and
vegetable value chain in ECA
Conduct a stakeholder workshop to identify alternative options and build consensus
Knowing that for any livestock production venture feed is the key environmental variable that
enables expression of the genetic configuration to their full potential it has been deemed
necessary to examine the feed supply value chain so as to unveil the critical factors of feed
value chain systems‟ performance. A study was conducted to (a) identify key constraints
faced by individual farmers, feed manufacturers and the field veterinary offices; )b) assess
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challenges cutting across the industry actors due to lack of a networking umbrella
organization; (c) provide information necessary for accelerating the national feeds policy
development and (d) make recommendations for addressing major constraints faced by key
actors in the industry. The findings indicate that risk aversion related to poor feed quality,
exportation of primary products especially maize grain and bran to neighbouring counties,
and seasonal price changes and distant sources of raw materials are the major challenges
faced by feed manufacturers. These conditions lead to shortening of economic life span
(laying period to seven months instead of the expected period of about eighteen months and
stunting in broilers, intensively rearing of local birds or crosses, ; farmers opting for mixing
own feeds or selecting particular ingredients – that may be an incomplete ration.
Findings on challenges faced by the veterinary department indicate that lack of legal backing
to resolve conflicts among value chain actors, absence of self-regulating mechanisms among
suppliers and lack of feed standards are the key challenges faced by the field vets. These
have lead to crippling of the veterinary service in enforcement of quality assurances
measures, and persecution of offenders. These have in turn lead to distrust of the department
by especially afflicted farmers and this is still paralleled by continued proliferation of fake
feed dealers. Similarly New vision (2012) observed that such problems are bound persist due
lack of relevant legislation yet policy – that would restrain the private sector-led industry
from deliberate adulteration given a matching fine not exceeding shillings 480,000 or
imprisonment of not more that 12 months provided for in the policy - was passed seven years
ago. It was suggested that feed standards be established with prohibitive legal instruments
and penalties, register and license feed manufacturers, train, regulate and regularly inspect
their premises and products they put on market and form self regulating or peer monitoring,
learning umbrella bodies
Findings of the study on farmers‟ investment in feeds, housing and farm labour are presented
in figures v to vii. In the study area, a sizeable proportion (38 per cent) of farmers bought
ingredients and mixed their own feeds. Those who mixed own feeds cited lack of confidence
in what has been already mixed as the major reason for mixing own feeds. The rest of the
famers bought already mixed feeds. Those who buy mixed feed stated that mixing of
especially chick mash requires a unique precision and expertise that they lack.
Irrespective of whether farmers mix own feed or buy already mixed, farmers reported poor
quality and seasonal variation in prices as the main constraints associated with feeds.
Adulteration of feed was mostly linked to scarcity of raw materials many of which especially
the crop-based such as maize, sunflower, cotton seedcake and soya bean; lake based such as
cowrie shells and haplochromis (silver fish) are seasonal.
An effective feed policy would lead to a thriving livestock industry in Uganda with all
farmers accessing and utilizing quality animal feeds for enhanced livestock productivity, food
security and farm incomes. This can only be achieved by having a profitable, well-developed
and regulated feed industry in Uganda. Lack of an Act stipulating quality assurance
measures, standards; key actor roles and functions; and penalties to offenders have led to feed
adulteration of especially silver fish and maize bran. Lobbying and advocacy campaigns
were suggested as means of accelerating enactment of the livestock feeds law by parliament.,
It was therefore recommended that the following areas be addressed by research and
development:
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(a) Enhance improved grain drying and bulk storage, put in place trade barriers restricting
exportation of primary farm produce especially maize grain/bran, or invest in research
to develop and promote energy substitutes to maize
(b) Make animal feeds Act, establish feed standards, make prohibitive legal instruments
and penalties, and define roles of various stakeholders (veterinary department,
farmers, local governments, quality assurance, feed and veterinary input (ingredients)
suppliers.
(c) Get actors identify their felt needs, benefits of colluding for business performance
enhancement and form an umbrella body to address their common objectives
RESULT 3:

Enhanced capacity for actors along the smallholder dairy and vegetable
value chains in ECA

Six monthly regional review and planning meetings
Four regional project meetings and a number of country inception meetings were held.
(a) Participants shared country achievements from project phase 1
(b) Reviewed phase 2 project documents and harmonized the implementation process
(c) Improved the project communication component/strategy
(d) Country project implementation teams were oriented on procurement requirements,
Audit, Financial reporting and Monitoring and Evaluation requirements in ASARECA
funded projects
(e) Revised the work plans and consolidated the project with works that were not
implemented during Phase 1 (Gender issues, communication and Environmental
assessment)
(f) Performance management plan (PMP) was finalized.
(g) A field excursion was conducted to four project sites in Masaka district.

A regional project review and planning meeting was held from 2nd to 7th July 2012 at
Midland hotel in Mwanza, Tanzania. The meeting was officially opened by The Hon. Minister
for Livestock and Fisheries Development, Dr. David Mathayo (Third right)
Dr. David Mathayo was accompanied by a Member of Parliament,
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RESULTS 4: Availability of information on agricultural technologies and innovations
in ECA sub-region enhanced
Site specific inception meeting
Key stakeholders attended country inception meetings in Burundi (122 participants, 95 men
and 27 women), Uganda (54, 22 women), Tanzania (70 farmers, 26 researchers, 14 extension
staff and 4 journalists) and Kenya (89).
.
Key outputs of the meeting were:
(a) Stakeholders updated on achievements and constraints in Phase 1.
(b) Planned activities in Phase 2 described to the stakeholders
(c) Roles of each key collaborators in the project implementation defined
(d) Action plan for improved implementation and uptake of technologies identified
Regional review and planning meeting held in Mwanza from 2nd to 7th July 2012. Country
review and planning meetings were also held.
Publish results from the first phase of the project
A draft of a farmer manual “Enhancing sustainable production of dairy and vegetables in
integrated smallholder crop-livestock systems in East and Central Africa” was produced
Contribution to Program Purpose [Max 3 pages]
The Livestock and Fisheries Program‟s purpose is to enhance utilization of livestock and
fisheries technologies/innovations in Eastern and Central Africa. Adopting drought tolerant
forage species, water and soil management and labour saving technologies has the potential
of contributing directly to the Livestock and Fisheries Programme purpose. The research
will enhance the generation and utilization of specific soil fertility and water management
innovations which directly respond to the ASARECA purpose. Secondly, one of the likely
outcomes of this research will be improved productivity of smallholder crop-livestock
farming systems. This will respond directly to ASARECA‟s goal and more particularly on
elements addressing improved crop and livestock productivity and community livelihoods
improvements. This will be achieved through increased application of methodologies for
uptake and scaling up of best-bet soil fertility and water management technologies, resulting
in increased food productivity and sustainable utilization of the natural resource base in the
target areas and in the ECA countries where these approaches will be applied.
Deviation from the Original Results Chain [Max 0.5 page]
None
Inputs [Max 0.5 page]
(a)

The long procurement process affected implementation of project activities.
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Key lessons learnt
(a) Stakeholders are interested in the technologies however; most of them are resource poor
farmers hence they need to mobilize resources to be able to acquire some of the
equipments such as Irrigation kits and pumps. The project is able to buy few for
demonstrations.
(b) Demand for water harvesting and irrigation technologies is very high. Capacity building
of stakeholders and local artisans should be increased to enhance adoption of rain water
harvesting technologies.
(c) Multi-disciplinary and multi-institutional research teams are very difficult to manage but
play a key role in technology development and dissemination.
(d)
(e)
(f)
(g)
(h)

(i)
(j)

(k)
(l)

Farmers want to first test the technologies on a small scale as this minimizes risks.
The beneficiaries are the teachers and role models to other farmers.
Linking farmers to credit institutions is important to adoption of technologies.
Media is a key to dissemination and adoption of improved technologies.
Testing improved technologies with resource poor farmers is a big challenge but
rewarding. It is the key to adoption of the technologies. However, it requires patience and
commitment from all stakeholders and institutional support.
Farmers are very interested in the techniques relating to soil fertility improvement for
irish potato seed production.
The animal nutrition is another area of interest of farmers for manufacturing homemade
mineral block for sale as a farmer cooperative and it is probably for them to get a support
from administration and NGO.
Farmers grouped into association are very well accepted to be supported by NGO and
local administration may have many facilities from administration.
It is not possible for farmers to adopt all the technologies being promoted wholesome.
Generally all farmers have adopted the forage production technologies and in almost all
the instances they have modified some of them to suite their production circumstances.

Key challenges
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)

(j)

Long government procurement procedures
Poor establishment of vegetable gardens in Eastern Uganda due to floods
Inflation
Limited transport facilities by different implementers in project activities. Currently the
researchers are sharing vehicles.
Prolonged government procurement procedures and sometimes increased unit price. The
centre is following up to minimize unnecessary delays.
Failure for project team members to submit reports and accountability,
Burundi delayed to train on value chain approach because the expert from National
University was unavailable as scheduled.
Long procurement process
Usually the drip kit failed after 1-2 period of vegetable production. This is mainly due to
the high salt content in the water being used for irrigation. The high salt tended to block
the emitters from releasing water
Most of the farmer activities are usually handled by the husband and wife. Hired labour
was generally scarce and therefore some of the planned activities were not implemented.
This tends to affect the output of the project.
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Application and suitability of fixed-knife forage choppers among small
holder dairy farmers in semi-arid Kenya

Mungube, EO*., Njarui, D.M.G., Kabirizi,
J., Ndikumana, J. and Mwangi, G1

Reproductive and fertility indicators of dairy cattle in selected smallscale dairy farms in the semi-arid Eastern Kenya

Itabari, J.K., Njarui, D.M.G. and Kathuli,
P.

Potential of micro-scale drip irrigation in increasing productivity of
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6. 22nd International Grassland Congress, Sydney, Australia, 15 th to 19th September 2013
Jolly Kabirizi, Emma Zziwa, Swidiq Dry season forages for improving dairy cattle production in smallholder
Mugerwa
dairy systems
7. 27th Soil Society of East Africa 6th soil science Africa soil society conference held in Nakuru, 21-25th
Oct 2013
Itabari, J.K., Njarui, D.M.G. and
Soil nutrient status, quality of available manure and its implication on
Kathuli, P.
soil fertility maintenance in the peri-urban areas of semi-arid Eastern
Kenya
Itabari, J.K., Njarui, D.M.G., Gatheru,
Nutrient management practices for vegetable production in smallholder
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Evaluation of Napier grass (Pennisetum purpureum) clones for
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Brachiaria hybrid cv. Mulato II; a promising forage in stall-feeding
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Mungube, EO*., Njarui, D.M.G., Kabirizi, J., Ndikumana, J. and
Mwangi, G1
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Silage making techniques for smallholder dairy farmers: experiences
and challenges
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Detoxification of Aflatoxins in diets of broiler birds and dairy cows
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Dairy, chicken and vegetable production practices, constraints and
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Quantitative effect of different levels of organic manure on cabbage
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11. Second ASARECA General Assembly and Scientific Conference, 9thto 13th December 2013, Royal
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Emmanuel Zziwa
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Annex 3:

Posters produced

1. Integrated strategies to mitigate livestock feed scarcity in Eastern and Central Africa
region
2. Brachiaria hybrid cv. Mulato feed as a feed resource in zero-grazing dairy cattle
systems
3. Farmers‟ uptake and utilization of vegetable processing technologies in ngora district
of Uganda
4. Improving water availability in smallholder dairy systems in east and central africa
region
5. Dry season forages for improving dairy cattle production in Eastern and Central
Africa Region
Annex 4:

Leaflets and brochures

1. Brachiaria hybrid cv. Mulato 11, a promising forage for smallholder dairy farmers in
Eastern and Central Africa region
2. Climate smart agricultural technologies and innovations for improved livelihoods of
smallholder dairy and livestock farmers in Eastern and Central Africa region
3. Silage making and utilization
4. Vegetable promotion in Bututsi region
5. Manure application in smallholder crop-livestock production systems
6. Homemade nutrient feed blocks
7. Drip irrigation and manure application for year-round vegetable production
8. Hay production for year round feed supply
9. Water harvesting and drip irrigation in smallholder crop-livestock production systems
10. Napier grass production and management
11. Water harvesting manual
12. Irish potato seed production using improved organic manure
13. Improved organic manure and assessing soil status
14. Comparative study of multinutrient homemade mineral block
15. Effect of organic manure on Cabbage yield
16. Tumbukiza forage production technology
17. Integrated strategies to mitigate livestock feed scarcity in Eastern and Central Africa
region
18. Enhancing sustainable production of dairy and vegetables in integrated smallholder
crop-livestock systems in East and Central Africa
19. Utilization of Calicium bentonite to detoxify aflatoxins in animal feeds and as a
mineral supplement in lactating animals
20. Fodder conservation in smallholder crop-livestock systems in Eastern and Central
Africa region
21. Water harvesting and management for livestock and crops
22. Crop-livestock project impact stories
Farmer manual
1. Enriched-feed resources for enhancing sustainable productivity and incomes of
smallholder crop-livestock systems in East and Central Africa (In press)
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Annex 5: Trainings:
Training course title

Provided
by
Post harvesting and ASARECA
processing of vegetables

Type
of No. of participants
Organizing
participants Male Female TOTAL date
same
24th to 26th
March 2013

Feed formulation

Smallholder
dairy
farmers
Project staff

ASARECA

Training workshop on ASARECA
environmental
and
social
safeguards
compliance
for
ASARECA, Kigali
Feeds
and
feeding EAAPP
management
Napier stunt disease EAAPP
inception meeting

Training workshop on ASARECA
environmental
and
social
safeguards
compliance
for
ASARECA, Kigali
Training on the use of ASARECA
the
automated
monitoring, evaluation
and reporting (MER)
system, at Lake Victoria
Serena Hotel
M & E Tools
ASARECA

5

Kiruhura
35
UPDF
officers
Rwanda and
Burundi
scientists
and
field
staff
Project staff

15

20

9th to 12th
April 2013
2nd
2013

10

45

April

6th to 9th
February
2013
March 2013

22nd to 25th
April 2013

Project staff

23rd to 26th
April 2013

Project staff

August 2013

58

Annex 6: General Project Information
In this Section, provide brief summary on your key performance indicators (especially
quantitative measures). Indicate progress towards achievement of performance targets as
outlined in the PMP. Complete the table and provide data by the unit of measure and
appropriate data disaggregation {e.g. if the unit of measure is „Number, disaggregated by
type‟, provide those numbers by type for the indicator}.
Indicator

Unit
of
measure

Planned
Achieved
Previous
Total (all
(target for life (this period) (accrual for periods)
of
last period)
project/entire
strategy)
Indicator 1: Number of Stakeholders accessing the technologies and innovations
1.1 Number of demand- Number
8
0
8
8
driven technologies
and
innovations
generated
1.2 Number of demand- Number
8
4
4
8
driven
genderresponsive
technologies
and
innovations
made
available to uptake
pathways
Indicator 2: Percent of stakeholders adopting new technologies and management practices in
selected development domains
2.1 Number of policies, Number
10
0
10
10
laws, regulations and
procedures analyzed
2.2 No. of policies, laws,
regulations
and
procedures presented
for legislation or
decree

Number

4

0

0

0

2.3 Number of policy Number
4
0
0
0
options
passed/approved
Indicator 3: Level of stakeholder satisfaction with the technologies and innovations
3.1 Number
of Number
3000
176
1500
1676
stakeholders whose
capacity
building
needs have been
addressed (includes
both short term and
long term training)
3.2:
Number
of Number
20
0
8
8
infrastructure developed
3.3:
Number
of Number
20
7
10
17
partnerships formed
Indicator 4: Percentage of increase in adoption of improved processing and handling methods
4.1: No. of appropriate Number
20
4
7
11
information
packages
produced
4.2 No. of appropriate Number
10
3
6
7
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information delivery
pathways used
4.3 No. of people reached
with the information
packages
through
different pathways

Number

1000

176

60

600

776

Annex 7: COUNTRY SUCCESS STORIES
A. FARMERS’ IMPACT STORIES IN UGANDA
Nakayiki Rose, Chairperson, Butale Balunzi Balunzi Twegatte Group, Butale village, Bukoto sub-county,
Kabonera
Ms. Nakayiki, a widow involved in vegetable growing and zero grazing. Through the project interventions she
acquired a solar dryer, under-ground water tank and a treadle pump. She now produces vegetables throughout
the year through irrigation and value addition. The family has sufficient water for their cows and domestic uses.
The group was also trained on ghee processing and group dynamics.

M/s Nakayiki displaying some of the packed vegetables dried that solar drier (left) and her improved forages
(right).
With improved animal feeding, the quality and quantity of milk increased. Her group has a milk collection
Centre where they market their milk at higher price. With increased vegetable and milk production, household
nutrition and income has improved. Income from sale of milk and vegetables has helped them educate their
children. The group has been able to start a credit and saving scheme where members are allowed to borrow at a
very low interest.

Nakayiki’s 2 year old grandson enjoying a cup of milk from her animals

“I received this boy when he was 2 months old, but because I had enough milk in the house I was able to
raise him without breast feeding from the mother” say Ms. Nakayiki.
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Emanuel Bukenya, a farmer/trainer from Kakunyu village, Masaka District
Mr. Bukenya received his first cow from Kulika Trust for Sustainable Agriculture. Before the project, he was
experiencing problems with feeding the animal. The project trained him and his group of 50 members (Kakunyu
Farmer‟s Group) in animal nutrition (including mineral block making) and better animal husbandry. He
received and planted Brachiaria planting materials from the project. His cow now feeds on high quality feeds
consisting of a mixture of grasses and forage legumes. The farmer has realized increased milk production from 5
litres to 8 litres due to improved feeding. He has also noted that good animal feeding enables the animal “get on
heat” on time. The increased milk production has improved his income and family food wellbeing. Mr Bukenya
is now a Key Farmer Trainer (KFT) in Kikunyu village and has so far trained and provided fodder seed to
over 45 farmers in the neighbouring villages in animal feeding, milk handling and general cattle
management.
Mr. and Mrs. Mayanja Leonard/Immaculate, Kyabbogo-Nkoni, Kingo, Lwengo District
Mr. and Mrs. Mayanja belong to Bulimutaka Women‟s Group affiliated to Send-a-Cow and are both farmer
trainers. Mrs Mayanja is a Peer Farmer and trains farmers in vegetable growing and organic agriculture. Mr
Mayanja Leonard trains farmers in water harvesting technologies.

Mr. and Mrs. Mayanja’s surface run-off water harvesting tank
The project discovered that the couple was already harvesting water from surface run-off and decided to
contract them to construct more tanks in Bukulula, Kabonera, Taga ,Kitenga, Kikunyu. The couple has so far
trained over 30 groups some with a membership of over 35 farmers in water harvesting, coffee production,
organic vegetable production and marketing.
“We are very proud because of the publicity we have gained through working with the project. We
sometimes receive phone calls from people informing us that they watched us on television” says Mr.
Mayanja
Mr. and Mrs. Daaki Peter, Kitenga village-Kalagala,Mukungwe, Masaka district a member of Akamira
Eyiye Farmer Group
Mr Daaki, a retired teacher started practicing zero grazing in 1989 with one local cow which he later exchanged
for a Friesian calf. He received training on zero grazing from several NGOs including World Vision, MADDO
but still experienced the problem of poor feeding for the animals due to inadequate forage lack of knowledge on
fodder preservation.
The family received training on various aspects dairy and vegetable production; forage seed (Centrosema,
Brachiaria, Napier grass that is tolerant to Napier stunt disease and desmodium), underground water tank and
treadle pump, a forage chopper and vegetable seeds. The family has contributed in terms of labour and local
materials.
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Mr. Daaki’s fodder bank of Napier grass intercropped with forage legumes (left) and Daaki weighing
Brachiaria fodder from his field

.
Mr. Daaki and a small boy demonstrating the use of forage chopper.
The family has been able to improve household income and nutrition. Mrs. Daaki testified that she earns over
Shs 120,000 from a 12 x 30 ft vegetable garden which she produces throughout the year because the family has
water and is therefore able to produce vegetables throughout the year through irrigation and manure application.
The vegetables are a boost to nutrition in the family. The family has been trained in making multinutrient
mineral blocks which they sell to other farmers. They also conserve fodder in form of hay and silage. The family
has been able to construct a biogas plant which provides energy for cooking and lighting. They have been able
to renovate their house. The income from sale of milk and vegetables has helped them to educate their children
up to University and other institutions of higher learning (3 graduates). They have acquired income to start other
projects e.g. poultry
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Mrs. Daaki in her vegetable garden (left) and drying fruits (right)

With a treadle pump, watering animals is now
easier, and her vegetable garden.

Mrs. Daaki drying Lablab forage for use
during the dry season(old house in 2011)

The local community have appreciated and adopted the technologies especially silage and hay making. Local
communities have received and multiplied forage seed supplied by the farmer. He has trained over 100 farmers
from the neighbouring districts some as far as Mbarara and Bushenyi. The family has gained a lot of publicity in
newspaper, magazines (Uganda @ 50 published by monitor), and Television programmes. This has been
attributed to their excellent work.
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Mr.and Mrs. Daaki’s renovated house with a water tank

1.

Mrs. Mary Lwanyaga, Kitenga village, Kalungu sub-county

Mrs. Mary Lwanyaga has improved income through vegetable production. She benefited from water harvesting
and is able to produce vegetables throughout the year through irrigation and manure application.

Mrs. Lwanyaga irrigating her vegetable garden
Kamenyamiggo District Agricultural and Information Centre. Masaka
This is a government institution in Masaka district with a major objective of training young women and men
who are not able to continue to tertiary institutions because of financial problems. Mr. Muwanga, the Centre
Manager said “Over 500 youth have benefitted from technologies introduced by the project. These include: soil
fertility improvement, vegetable production vegetable production; post-harvest procession of vegetables, forage
production and utilization, hay and silage making and general dairy cattle management.

Students participating in data collection (left) and silage making (right)
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Ms. Nakakande, the Chairperson of the group said “The group has benefited a lot since the project activities
were introduced to the group members in 2009. We also appreciate the improved forages (especially Mulato)
that make our animals look healthy. Lablab improves milk yield and qiality. “I am one of the farmers who
benefited from water harvesting tanks and I get water for domestic use, irrigating my vegetables and also give to
my animals. People from around have been coming here to buy water at Shs. 200 per jerican.

Ms. Nakakande (left) proudly harvests her lablab `
Jimmy Lwegaba, a 17 year old youth working at the Ms Nakakande’s place says “The project has saved me
the energy and time I used to spend walking long distances in such of water and fodder. I used to walk about 2
miles to collect water but we now have a tank that can store water for more than 3 months of the dry season. We
use water for the animals, domestic use, irrigating the vegetables and to some cases we give or sell to
neighbors”

Jimmy Lwegaba feeding Nakakande‟s cow (left) and a water tank (right)
Ms. Tereza Nakirya, a 75 year old widow with 30 orphans said “ I have increased milk yield and income,
reduced work and we are healthy. I have a new house and the children go to school. The treadle pump helps me
to keep fit”

:
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Ms. Nakirya offering feed to her cow (left) and with some of her orphans and her renovated house (right)
Margret Kongai hails from Osigiria Village, Ngora town council in Ngora District
“I received a heifer cow from Send-a-Cow to keep under zero grazing system. At the beginning, I was did not
have enough pastures and water for my animal especially in the dry season. The drought season is really harsh
in Teso region. I was later helped by researchers from -NaLIRRI-ASARECA who provided me with pasture seed
(Caliandra seedlings, Brachiaria) and a fixed forage chopper, vegetable seeds (Sukuma wiki, tomatoes and egg
plants). They also constructed an under-ground water harvesting tank”.

Ms Kongai appreciating the high yield at her vegetable garden
Olupot Rehema from Osigira Village, Ngora Town council.
She receive a cows from Send a cow project before the interventions.
Rehema says that the project interventions brought new technologies and knowledge new friends. She has
benefited from the following technologies from the project;
(a) Fixed knife forage grass chopper,
(b) Treadle pump,
(c) Improved pastures seeds,
(d) Vegetable seed
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Benefits
(a) In the first season of planting, Rehema was able to earn Ug. Shs 170,000/= from her small field of
vegetables (about 0.1 ha).
(b) She has realized the importance of improved pastures and she plans to establish more pastures.
(c) She appreciates the trainings she received from the project especially on vegetable processing which
increases the shell life the vegetables, but admits that they still have a challenge on attracting the market
beyond their community because of poor packaging. On value addition to milk, the group is unable to find
on a local market a special material used for sieving ghee.
(d) She appreciates the project interventions that have resulted in increased food in the homes and also selling
the surplus to earn money.
(e) They have received visitors from outside their communities and they too have got a chance to go visit other
farmers beyond their communities.

Rehema’s well-fed cow due to improved feeds
“As a married woman, I no longer wait for my husband to give me everything I need at home. I am able to earn
some income from vegetable production \nd supplement his income”.
4.

Ms. Achamu Florence from Nayamongo village, Ngora Ssub-county

Mrs. Asio said “I thank the project for the support extended to us. I have benefited in both knowledge and skills
gained from the trainings offered. I was given pasture seeds and I am able to have pastures even during the dry
season”. The training on vegetable conservation helps her preserve the vegetables for long time. I earned Ug.
Shs 120,000 from green papper and Ug. Shs 180,000 from tomatoes in one season. I am very grateful to this
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project and I am going to expand the size of the gardens”

Apolot Jane Emurai from Osigiria Western Ward, Ngora T/C
“I am grateful to the project because of the interventions they introduced in our district. I have been able to
produce enough vegetables for my home consumption and sell the surplus to generate income. I used to find
challenges in getting money to pay for my kids in school but as I talk now, I have one boy in Senior 3 at Ngora
High School where I agreed with the school administration that I keep supplying them with vegetables to cover
part of the boy’s fees.”.
Apart from the school, she supplies vegetables to the community around her and the markets in the town
council. Also members from the community assist her in carrying out some of the activities such seed bed
preparation and in the end she gives them seedling and they are able to have their own vegetable gardens.
“Vegetable growing reduces domestic violence since women become independent and generate income to
cover home needs such as food”
Amongin Anne Grace, Mukura sub-county, Ngora district
Anne Grace said” The project repaired my source of water and provided me with a treadle pump. I am now
able to irrigate my vegetables and mangoes. I harvest over 1000 mangoes per tree and this gives me about Ushs
1,000,000 per year. The treadle pump helps me to keep fit. I am also getting money from sale of dried
vegetables.

Before (left) and after (right) NaLIRRI-ASARECA interventions
B. SUCCESS STORIES FROM KENYA
Beranard Mainga.
Mr. Bernard Mainga is among the 47 farmers in the peri-urban areas of Wote town involved in the
implementation of the project. He owns about 12 hectares of land with 4 hectares are planted with pastures and
fodder for his livestock. Rhodes grass is the main grass grown for pastures and he normally bales it for his
livestock. The grasses for the cut-and-carry feeding system (Napier and giant panicum) are planted in
“tumbukiza” pits, most of which were silted up due to flooding during the March-May 2013 rains. The farmer
also grows lablab for boosting the protein requirement for his dairy cattle. As a result of embracing the
technologies for increasing feed quality and quantity, he has been able to significantly increase his milk
production from 20 litres to 35 litres per day from a herd of five crosses.
He has allocated a large part of his farm (about 2.5 hectares) to vegetable production. The main vegetables
grown on his farm include cabbages, tomatoes, kale and spinach. He was one of the pioneer farmers who
participated in small-scale drip irrigation, which is being promoted by the project and when he found its
advantages, he decided to acquire a larger system so that he could bring more land under vegetable production.
He is presently using pvc pipes as he has plenty of water. He has since put more area under vegetable
production and is currently a major supplier of vegetables in Wote town.
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Cabbage crop

Hay baling for dry season feeding

Rosina Kyalo
Ms. Rosina Kyalo, a female householdf head, is also one of the farmers the project is working within the region.
She has integrated crop and livestock and has a relatively high performing dairy cattle consisting of HolsteinFriesian under zero-grazing management system. She has constructed a water pan with a capacity of 3300 m3 of
water. The water is mainly used for growing vegetable and for livestock. To improve fodder production, she has
adopted “tumbukiza” pits for growing Napier grass. The pits act as micro-catchment to improve nutrient and
water thus providing moisture longer into the dry season. The farmer also grows and conserves lablab to boost
protein requirements for her lactating dairy cattle. She relies mainly on manure from livestock to improve soil
fertility.
After realizing success of using the simple drip kit irrigation (10 lines of 15 m long) the project is promoting for
vegetables production, she has presently invested in green houses where she produces vegetable throughout the
year for household consumption and for sale. Wote town provide market for her both milk and vegetables at
favourable price.

Lablab hay in polythene bags to boost protein
content for livestock

Napier grown in Tumbukiza pits
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Spinach grown under dip irrigation

Dairy cow under Zero-grazing

Water pan to supply water for livestock and vegetable
Philip Masika
Masika, has embraced some of the technologies the project is up-scaling with great benefits. This has led to
improved feed availability through fodder production and storage of hay for dry season feeding and
consequently milk yield by 5 litres per day from 3 dairy cows although they are in late stage of lactation. Further
though increased income from sale of milk and vegetable the farmer has rejuvenated his biogas which had
broken down before the project commenced.

Napier grown in Tumbukiza pits

Hay for dry season feeding
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Bio-gas to supply energy for household

Shallow well to supply water for livestock and vegetable
production

Joseph NziokaMr. Joseph Nzioka is another farmer in the peri-urban areas of Wote town owns about 6 hectares of land. About
1 ha is under natural grassland and 1 ha is planted with pasture and fodder for his livestock. Rhodes grass is the
main component of the area under cultivated pasture. The fodder grasses (Napier and giant panicum) are planted
in tumbukiza pits. These additional feed resources have led to a significant increase in his milk production.
.The main vegetables grown on his farm include tomatoes, onions, kale, spinach and capsicum. Tomatoes,
onions and spinach are under drip irrigation while kale and capsicum are planted in pits and irrigated manually
(spot irrigation). After earning Kenya shillings 22,000 (US $ 255) from his first tomato crop, which he
produced using a drum drip kit obtained from the project (10 lines each 15 m long) , he acquired a second drum
drip kit and recently he acquired a larger irrigation unit which can irrigate 0.2 ha. He is using this unit to grow
spinach and kale. He uses manure from his livestock to improve the soil fertility.

Drip-irrigated tomato crop on Mr. Nzioka‟s farm (farmer on the left)
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Mr. Onesmus Masisya- Wamunyu cluster
Mr. Onesmus Masisya is among the 25 farmers in the peri-urban areas of Wamunyu trading centre involved in
the implementation of the project. He owns about 8 hectares of land. About 2 hectares are under natural
grassland and 1 hectare is planted with pasture and fodder (Rhodes grass, Napier and giant panicum) for his
livestock. Napier and giant panicum are planted in tumbukiza pits. The farmer also grows lablab and clitoria for
boosting the protein requirement for his dairy cattle. As a result of adopting the technologies for increasing feed
quality and quantity, he has been able to significantly increase his milk production.
In addition to dairy production, the farmer is also involved in vegetable production, mainly tomatoes using drip
irrigation. After earning 12,000 Kenya shillings from his first tomato crop and 8,000 Kenya shillings from his
second tomato crop he has fully embraced drip irrigation technology and he is currently growing his third crop
of tomatoes. The project team members use his farm to demonstrate to other farmers .

Group of farmers learning from Mr. Masisya
C. SUCCESS STORIES FROM TANZANIA
Technologies on Up scaling Feed Packages (Forages and Feed Conservation)
A group of 16 households among the over 30 monitored households of agro pastoralists who are participating in
a project Up scaling feed packages received training on pasture establishment, management and forage and crop
residues conservation technologies. The activities implemented were well received and the results have been
appreciated by the village community. A total of about 14 hectares fragmented in small acreage of 0.24 to 0.5 ha
among agropastoralists were used for pasture establishment. The forage species established included grasses
(Rhodes, Buffel), fodder (Napier, Guatemala) and legumes (Stylo, Siratro, Lablab, Blue pea and Centro).
Mainly were grown as pure stand and in some cases over sown in traditional reserved pastures namely “Ngitiri”.
The success of the newly established pastures and the observed forage stand of the improved pasture fields
impressed other farmers from the nearby villages. The neibouring villages requested the Senani group members
to sell them some forage seeds and train on these technologies for improvement of their pasture land. This
involved village leaders from the following villages Zebeya, Jilago, Ilambambasa, Mwamitumai and
Mwafumbuka plan a study tour to learn on the technologies implemented in the village. The visit made by
leaders from nearby villages was followed by farmer to farmer training where project participating farmers of
Senani village provided some training and knowledge sharing to other farmers. A total of 94 farmers received
farmer to farmer knowledge sharing on Project technologies in the following villages Zebeya (21), Jilago (15),
Ilambambasa (18), Mwamitumai (28) and Mwafumbuka (22).

Following this farmers to farmers initiatives, the Maswa, District Council, in Shinyanga regiona received this as
a challenge and have included in the budget plan for 2013/2014 to facilitate the expansion of the technology to
other villages in other wards of the District. The plan shall involve extensionists, farmers, and farmer to farmer

73

training where some successful selected farmers from Senani will be facilitating in training other farmers. The
main Challenge from the ASARECA Project and the implementing TALIRI mabuki it to facilitate this initiative
with more forage seeds since in the introduction of the project seeds were limiting despite of the efforts from
getting forage seeds from sister Institution. The Project sees the faster adoption and extension of the technology
in Maswa District.

Established improved pastures in farmers‟ field in Senani Village (Mr. Dogani family)
Technology of Silage making:
Farmers in Senani village have never seen neither heard of silage making technology. The village has natural
stand of Napier “mabingobingo” which are mainly used for thatching and fencing. Farmers practicing silage
making technology from Nyamagana (crop-livestock integration project) Mr Msafari Kigenda and Mr Jubilet
Kimaro were the facilitator in Senani village. The two farmers provided the planting material of improved
Napier and Guatemala at the on-set of rains. The introduction and demonstration of the silage making
technology amazed farmers and when animals were feeding on silage. Farmers are highly motivated for
expansion of Napier and Guatemala fields and there is high demand of cuttings of improved napier among
farmers to grow in bottom wetlands areas where natural Napier stand extensively grow. Mr Michael Kishegani
increased milk yields per cow from 2 to 4 litres from his local cow due to good fodder.

Silage made and cattle are been introduced to feeding in Senani Village
Time for moving herd to far grazing areas reduced hence available labour at home
Following the adoption of the forage conservation technology and crop residues handling and conservation as
feed resource among participating agropastoralists have significantly reduced the duration. A witness Mr.
Nkande the group Chairman informed that in the past they used to move animals to far grazing areas in the
months of August until the start of rains most often mid to end of December but this year the animals had
enough feeds at home until end of September to Early October some farmers will have some conserved bales of
hay and well stored bales of crop-residues.
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Available conserved Hay bales in Senani Village
Forage seed harvesting
Training on Forage seeds harvesting was done among the participating farmers in the project. In Senani village
two farmers were able to harvest Rhodes grass seeds (Mr. Dogani 12kg and Mr. Michael 7kg) while other
farmers left the seeds to fall in their fields to allow dense regrowth in the coming year. Framers were motivated
seeing forage seeds and farmers have desired to set aside a piece of land for for a seed multiplication for
expansion in these fields. Mr. Dogan is planning to expand the acreage to 3 acre‟s purely for forage seed
multiplication (Rhodes 2 acres and 1 acre for Buffel grass seeds).

Rhodes grass seed harvesting at Dogan Pasture field in Senani Village
Increased Unity and Group cohesiveness among participating project members
Among the group members it was noted that some families were resource poor and inadequate household labour
hence they discussed and agreed join efforts working in group during harvesting and days of baling. The group
work enabled them to bale bales ranging 110 o 200. This went as far as helping each other in construction of hay
storage facilities using the design that the project had constructed as demonstrated in the village. The project
constructed 3 to female headed housed and 2 to male headed households. The act of helping each and working
together brought families closer and friendly.
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D. SUCCESS STORIES IN BURUNDI

Mr NSENGIMANA Louis and association HURIRO
Farmers formed an association HURIRO with 95 members (70 women and 25 men. The committee of leaders of
the association is led by Mr. Nsengimana Louis. Mr Nsengimana Louis is a model farmer. Before, the project,
Mr. Nsengimana, raised the cow and staple crop as banana, potato, bean, forages, Napier and Guatemala grass.
At our first visit at the beginning of the project, he expressed a willingness to collaborate in the project
implementation.
Forages and forage use

Mr. Nsengimana Louis (left) and the Project Coordinator, Mr. Minani (right), in his forages field. The planting
material (Napier grass) andseeds of legumes (Desmodium intortum) were been supplied by the project.
Roof water harvest for domestic and livestock use
Mr. Nsengimana Louis constructed a concrete tank for rain roof water collection for domestic use. Now he said”
I am happy with the project for this innovation. I think ASARECA and ISABU. Now labor is not needed for draw
water from the river. It was a difficult duty to my children. I use a treadle pump easy to handle is used to draw
water from the tank”

A water tank

A treadle pump (blue)

Wooden forages choppers and silage making are now well known by farmers for increasing
livestock productivity. As the key person in the association demonstration of silage making
took place in his farm.
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Wooden forage chopper
Zero grazing system has permitted the increase of organic manure and consequently the increase of crop yield.
With zero grazing the organic manure has increased and also staple crop yield. Mr. NSENGIMANA Louis is
now satisfied of the innovations brought by the project so now he became a farmer adviser. His testify that now
is known as a model farmer by the local authorities so he is always invited in workshop related to agricultural
and rural development.
Homemade multinutrient mineral block was a successful activity. The farmers are happy to have an opportunity
for having mineral block palatable and cheap for their cattle. (The farmer BIRIZANYE Abel was explaining the
technique and the advantage of homemade multinutrient mineral block to the Governor of province and his
delegation).

Homemade nutrient feed blocks
The project provided the farmers‟ association inputs to produce potato seeds using the improved organic
manure. The farmers‟ yield was very high. The seeds will be used by association members to have the basic
seeds for selling.
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Farmers harvesting potato seed
Mr Ngendakuriyo Samuel, crop livestock integration
Aware of the importance of livestock manure in improving soil fertility, Mr Ngendakuriyo Samuel adopted
advice from research team to increase fodder and food production through use of livestock manure. He is now
producing organic manure through zero grazing which is the way of increasing the farmyard manure.

Mr Ngendakuriyo Samuel, a farmer collaborating with the project since 2010. (Songa district, Muka Subcounty)
The spread of technologies on vegetables, organic manure and homemade multinutrient mineral block
funded by FAO
During different workshops attended by different actors involved in rural development, the administrative
authorities and NGO, many of them recommended that the technologies demonstrated through this ASARECA
project, expanded in the others parts of Burundi.
During her visit the farmer Nsengimana Louis, supported and trained through the ASARECA project on Croplivestock integration (LFP12), the Minister of Livestock and Agriculture and the President of Senate, she clamed
all of participants to follow up the results from ASARECA Project which is collaborating directly with the
farmers in their fields.
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Homemade multinutrient mineral block funded by FAO in Mugamba region (highland), through the
Farmer association in Gisozi district
Mugamba region is located in highlands in Burundi. The soils are acidic and the rangelands are very poor. The
population of the region has a pastoralist tradition and they raise local cattle. The region suffers of a high
pressure on pasture which is much degraded. The FAO through its project TAMP Kagera (Transboundary
agroecosystem Management Programme of the Kagera river Basin), have funded many farmers group
throughout the country for enhancing the knowledge on animal feeds and feeding, improved organic manure
making and vegetables cropping. The researcher team of ISABU was thus attached to implement those activities
for spread the results activities.

The women participated actively in homemade multinutrient mineral block making.
.
FAO (Food and Agriculture Organization) has provided the group with the ingredients (3 tons) and a house for
making and selling the multinutrient mineral blocks. The blocks are more nutritive, affordable and palatable.
The members of the cooperative are now getting profit as cash from this activity.
Improved organic manure making at the farm level
Making organic manure was an activity which met interest of all of farmers. In fact in general, many soils are
acidic or infertile due to the erosion and/or abuse of soils without fertilization due to lack of chemical fertilizers.
In this way the fields gives low yield gradually.

Women making organic manure
Thus, FAO signed a contract with ISABU for training farmer on different types of making improved organic
manure. This activity is being done in four provinces of Burundi (Gitega, Mwaro, Muramvya and Karusi)
through the approaches of Farmer Field School. The directly targeted farmers are
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Vegetables cropping
The vegetables are identified as a cash crop near the town. It also considered as a food rich in vitamin and
mineral required for a good health. Inspired by the results from ASARECA LFP 12 Project, FAO has funded
activities on harnessing vegetables cropping and marketing at the smallholder level by enabling the farmers to
use meanly using harvest water and improved organic manure as a key of increasing the income by reducing
cost price of cabbage production. This is carried out three provinces in Mwaro, Muramvya and Karusi and
Kirundo. Thus Mr Mbonihankuye Cyrille in charge of this activity in the project is attached to that contract
signed between ISABU and FAO.

Training on vegetables production
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