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Coastal Kenya region produces only 40% of its milk requirements. The low production is mainly due to 
low genetic potential of the dairy animals, disease challenge, harsh weather conditions and low quantity and 
quality of feeds. The animals are mainly fed on forages which are rain fed and therefore scarce during the dry 
season. This in effect leads to reduced milk yield during the dry months.  During this period, dairy cows are fed 
on poor quality by-products such as maize stover, mango leaves and dry grass from fallow land. Over-reliance 
on crop residues and fallow grass for feeding dairy cows during the dry months contributes to reduced organic 
matter build-up in the soil and hence a reduction in soil fertility. This is particularly so where manure from 
cattle sheds is not used for crop and forage production. Silage conservation is an option for providing high 
quality feed during the dry season. The silage technology was adapted for coastal Kenya to conserve excess 
Napier grass/legume forages towards the end of the rainy season. Initially molasses was the recommended 
source of carbohydrate in silage making. However, molasses is not readily available in coastal Kenya and 
maize bran was found to be a suitable replacement. Frequent maize shortages occasioned by low yield and 
over dependency on maize for food has led to scarcity and an increase in the price of maize bran. This project 
sought to find an alternative carbohydrate source. 

The project goal was to contribute to enhanced sustainable productivity and competitiveness of the dairy sub 
sector and household incomes by increasing milk production through increased feed availability in the dry 
season. This was addressed under five specific objectives:

1. To establish the status of knowledge on dairy feeding and silage conservation by August 2012
2. To determine the quality of Napier grass/cassava silage by March 2012
3. To determine the effect of Napier grass/cassava silage on milk production in the dry season by May 

2013
4. To enhance skills and knowledge of farmers on cassava based silage conservation, use and 

commercialization by April 2014
5. To develop and disseminate technological information on cassava based silage and enhance partnerships 

with stakeholders by September 2014

The research was conducted on-station at KALRO Mtwapa and on-farm in Kwale and Kilifi Counties in the 
then Kwale, Kilifi and Malindi districts (sub counties).  The highlights from the project are as follows:

1. Fodder conservation was practiced by about 46% of the farmers in the study area, however, only one 
farmer conserved silage. This was partly attributed to lack of knowledge and the low adoption of Napier 
grass. Natural pastures contributed 36% of the basal feed for dairy cattle compared to Napier grass 
which was second with 15%.

2. Supplementing Napier grass silage with gliricidia or cassava leaves increased the crude protein (CP) 
in the silage from 71 for no supplement to 103 and 115 g/kg DM for gliricidia and cassava leaves 
respectively; The NDF was significantly high in silage supplemented with fresh cassava tubers compared 
to maize bran and dry cassava tubers. The latter two were not significantly different. Cassava leaves and 
tubers can therefore be used to replace gliricidia leaves and maize bran respectively.

3. Cassava based silages can sustain milk yield of lactating cows during the dry season. In a maize/cassava 
intercrop a farmer using one hectare with half of it under maize/cassava and the other half on Napier/
gliricidia, can sustain 1.5 - 2.5 cows for 120 days. 

4. Maize-cassava intercropping system can contribute positively to feed availability without compromising 
the human food requirements, through the use of cassava leaf and unmarketable roots for silage 
making.

5. Farmers showed their innovativeness by pounding the fresh cassava roots in preparing for silage making 
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instead of chopping them using a panga, which made the process less tedious and faster. 
6. The project produced 15 publications in form of conference and journal papers, technical/training reports, 

leaflets, videos and one PhD thesis. The project also enhanced team work and partnerships among 
KALRO, Pwani University, Heifer Project International and the Ministry of Agriculture, Livestock and 
Fisheries staff in Kwale and Kilifi counties.

7. Farmers in Kwale and Kilifi Counties experienced the impact of cassava based Napier grass silage 
through sustained and increased on-farm milk yield during the dry season as shown in the feedback 
during the farmer-managed field days.

The study recommends further research on economic viability of dairy farming in coastal Kenya. Further, 
there is need to work closely with dairy processors to open up milk marketing channels that are favourable to 
farmers which are likely to spur adoption of forage conservation technologies.
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Coastal Kenya has a population of 97,393 heads of dairy cattle which produce up to 56 m litres of milk 
annually (MoLD 2010). Dairy production systems practiced in the region are zero grazing, semi zero grazing 
and tethering. Farmers keep a wide range of dairy breeds such as Friesian, Ayrshire, Guernsey, Jersey, Brown 
Swiss and their crosses.   The region produces only 40% of its milk requirements (MoLD, 2010). This is 
mainly due to low genetic potential of the animals, disease challenge and low quantity and quality of feeds. 
Farmers in coastal Kenya mainly depend on forages to feed livestock (Muinga et al., 1999a, Ramadhan et al., 
2008). Forage production is rain fed, and therefore forages become scarce during the dry season. This in effect 
leads to reduced milk yield during the dry months (January to March).  Coastal Kenya has a bimodal rainfall 
pattern with long rains in April to July and short rains in October to December. The latter rains are often 
unreliable. The rainy seasons are associated with high biomass production and animals are fed on a variety of 
feeds, including weeds from the arable land while the planted forages are spared for the dry season (Muinga 
et al., 1999a).

During the short dry period, August to September, crop residues such as maize stover are available for livestock 
feeding but their contribution to milk production is negligible due to their low protein content and digestibility. 
The greatest shortage of livestock feed is experienced from January to March, especially when the short 
rains fail. During this period, dairy cows are fed on poor quality by-products such as maize stover, mango 
leaves and dry grass from fallow land. Over-reliance on crop residues and fallow grass for feeding dairy cows 
during the dry months contributes to reduced organic matter build-up in the soil and hence a reduction in 
soil fertility. This is particularly so where manure from cattle sheds is not used for crop production. Organic 
materials are known to influence nutrient availability to crops by releasing nutrients into the soil during their 
decomposition (Palm et al., 1997). An alternative dry-season feed would therefore ensure sustainable year 
round milk production as well as reduce the demand for crop residues and fallow grass by dairy farmers and 
hence encourage organic matter build-up in the soil.

Silage conservation is an option for providing high quality feed for the dry season. To address the low dairy 
productivity experienced during the dry season, the silage technology was adapted for coastal Kenya to conserve 
excess forage towards the end of the rainy season. Farmers in the region are encouraged to grow Napier grass 
in leucaena or gliricidia alleys (Mureithi et al., 1996) to improve the quantity and quality of forages. Molasses 
is the recommended source of carbohydrate in silage making. However, it is not readily available in coastal 
Kenya. A technology was therefore developed for the region where maize bran is used instead of molasses 
(Muinga et al., 1999b). Frequent maize shortages occasioned by low yield and over dependency on maize for 
food has led to scarcity and an increase in the price of maize bran.

The first and second staple food crops for most rural households in coastal Kenya are maize and cassava, 
respectively.  Maize is usually grown in intercropping systems with cassava because farm sizes are too small to 
allow for monocropping. Maize bran, an important by-product from the maize component of the intercropping 
system, is a good energy source in livestock feed rations. However, the scarcity and high cost of maize bran 
limits its use in feed rations. Cassava from the intercropping system can also be used for livestock feeding. 
The roots are a potential substitute for maize bran while the leaves may be used as a protein source. Cassava 
is widely grown in coastal Kenya which contributes 30% of the national production (Gethi et al., 2011). In 
an effort to increase food production in coastal Kenya, KALRO Mtwapa developed and disseminated high 
yielding and disease/pests tolerant cassava varieties (Gethi et al., 2011). These varieties are already being 
grown by farmers and cassava yield is expected to increase from less than 10 to 50-70 t/ha of fresh roots. Some 
farmers are already facing the challenge of how best to dispose cassava roots in excess of their requirement 
for home consumption and local marketing. Further, the cassava leaves and unmarketable roots go to waste 
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during harvesting, therefore, there is need to explore ways of using the excess and unmarketable roots and 
leaves for silage making. 

Studies carried out in coastal Kenya showed that the protein content of Napier grass silage increased from 7.5 
to 13% when ensiled together with gliricidia forage which is a protein source (Muinga et al., 1999b). There 
are however, hardly any reports on ensiling Napier grass in combination with cassava roots and leaves except 
for the on-farm study by Kavana et al. (2005) which only gave preliminary results. The proposed studies will 
therefore generate information on use of cassava leaves and roots as sources of protein and energy respectively 
in Napier grass based silage.

RESEARCH PROBLEM ADDRESSED BY THE PROJECT

Farmers’ effort to improve milk production using high milk yielding breeds such as Friesian, Ayrshire, 
Guernsey, Jersey, Brown Swiss and their crosses is constrained by the unavailability of high quality feed.  
During the dry period which lasts for a total of five months (January-March, August-September), dairy cows 
are fed on poor quality by-products such as maize stover, mango leaves and dry grass from fallow land. Such 
feeds are low in protein and high in fibre and are therefore of low digestibility, thus providing low nutrients 
to the animal. As a result of feeding such residues, dairy cattle suffer severe nutritional stresses resulting 
in decreased productivity that include low calving rate, low birth weight, high calf mortality, low weaning 
weight, reduced mature body size, low growth rate (delayed maturity), increased susceptibility to diseases and 
more importantly low milk production. This problem mostly affects the smallholder dairy farmers who cannot 
afford feed supplements which are expensive and not readily available.

RESEARCH QUESTIONS

1. What dairy feeds do farmers in Kwale, Kilifi and Malindi use?
2. How do dairy farmers in Kwale, Kilifi and Malindi cope with dry season feeding?
3. What is the effect of replacing maize bran with cassava roots in a Napier grass based silage?
4. What is the effect of replacing gliricidia with cassava leaves in Napier grass based silage? 
5. How does the effect of cassava based Napier grass silage on milk production during the dry season 

feeding compare with that of the conventional silage?
6. What are the benefits of using cassava based silage, compared to conventional silage?

PROJECT GOAL

To contribute to enhanced sustainable productivity and competitiveness of the dairy sub sector and household 
incomes by increasing milk production through increased feed availability in the dry season.

PROJECT OBJECTIVES

1. To establish the status of knowledge on dairy feeding and silage conservation by August 2012
2. To determine the quality of Napier grass/cassava silage by March 2012
3. To determine the effect of Napier grass/cassava silage on milk production in the dry season by May 

2013
4. To enhance skills and knowledge of farmers on cassava based silage conservation, use and 

commercialization by April 2014
5. To develop and disseminate technological information on cassava based silage and enhance partnerships 

with stakeholders by September 2014
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STUDY SITE

The research was conducted on-station at KALRO Mtwapa and on-farm in Kwale and Kilifi Counties in the 
then Kwale, Kilifi and Malindi districts (sub Counties). The districts were purposefully selected from KALRO’s 
mandate districts (Kwale, Mombasa, Kilifi, Malindi, Lamu and Tana River) in coastal Kenya because they had 
the highest number of dairy animals. Out of the 97,393 dairy cattle in coastal Kenya, Kilifi had 40%, Malindi 
(33%) and Kwale (4%) (MoLD 2011). Rainfall in coastal Kenya decreases from south to north and hence the 
need to sample both areas.  Kwale south was therefore included to represent the high rainfall area instead of 
Lamu County which had a higher proportion (5%) of dairy cattle than the former. Two sites (two CBOs) were 
randomly selected in each district, on condition that at least 50% of the members had two dairy animals and 
they grew cassava. 

Note: The Project proposed to work in three districts but its implementation coincided with the transition to 
County government. The report therefore uses the two administrative terms where the former districts are the 
current sub counties.  
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The project achievements are highlighted in this report as per the five project outputs. 

Output 1. 

1.1 The Status of Knowledge on Dairy Feeding and Silage Conservation Established in the Study Sites 
in Kwale, Kilifi and Malindi by 2012, Lewa K.K. and L. Mburu

Objectives

This study aimed to establish the status of dairy feeding and feed conservation and also identify opportunities 
and constraints to production and marketing of cassava/Napier silage in coastal Kenya. 

Methodology

The study was carried out in April 2012. This is the transition period from the dry season (January to March) 
to the wet season of April to July.  Purposive and multistage random sampling techniques were used to select 
the study sample from smallholder farmers in coastal Kenya. Kwale and Kilifi Counties were purposefully 
selected to represent coastal lowland Kenya and South and North coast respectively. The counties were selected 
because they had the highest number of dairy animals and the highest milk production potential in coastal 
Kenya. Kilifi County had 58,812 dairy animals while Kwale County had 3,851 (MoLD, 2011). Rainfall in 
coastal Kenya decreases from south to north and hence the need to sample both areas. 

Two divisions were selected each from the former Kwale and Kilifi districts while one division was selected 
in Malindi district. From the selected divisions, a list of the dairy farmers was developed with the assistance of 
the divisional livestock extension officers. This comprised the sampling frame from which the farmers were 
selected randomly for interviewing in the study. 

Information was collected through face to face interviews of 181 sampled farmers using a structured 
questionnaire. The IBM SPSS Statistics ver 20 software was used for data analysis.  Quantitative data was 
analyzed using descriptive statistics and cross tabulations were done to establish associations between the 
variables. 

Results
Farmers’ demographic characteristics

About 60% of the respondents were female. Their main occupation was farming for 66% of the respondents, 
while others were engaged in various forms of off farm employment. The respondents had varied experience 
in dairy farming (1-30 years), with a mean of 9.3 years (See: Status of dairy feeding and silage conservation 
in Kilifi and Kwale Counties: KARI Mtwapa Technical Report No. 8, January 2013). This range implies that 
there are new entrants into dairy farming, and provides the clientele for dairy production technologies. There 
was a significantly high proportion (at α = 0.05) of farmers in the active and productive working age of 36-55 
years which shows that this group is willing to invest in dairy farming. This age category has more resources 
and provides a potential window for promotion of capital intensive technologies.

Education level is positively correlated to adoption of dairy technologies (Makokha, 2005). Within the study 
site, 40.9% of the respondents had primary school level of education while 19.9% had no formal education. 
Whereas primary education may just be adequate for adoption of technology,  lower primary level may be 
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inadequate.  The  19.9% proportion of the population having no formal education may be  a challenge to 
technology adoption and  a recipe to reduced dairy productivity in coastal Kenya. 

Dairy management 

The mean number of dairy cattle inclusive of bulls, heifers and calves per farmer was 3.5 (range 1–16). More 
than three quarters of the respondents had four animals or less. The mode was 2.0 cattle. The animals were 
mostly kept under zero grazing (55.6%) in both the wet and dry seasons. 

Forage conservation

Forage conservation is a critical strategy for dairy farmers to ensure year-long availability of feed for their 
livestock. In the study area, the critical period is January to March dry season, when feed is most scarce. The 
study found that 37% of the farmers conserved forage (Table 1.1); mostly excess hay from natural pasture 
growing during the rainy season. Other forms of conserved forage were leucaena and maize stover. There is 
an opportunity for the farmers to increase production and improve the quality of the conserved fodder through 
planting improved grasses (e.g. Rhodes grass). 

Table 1.1.1: Distribution of respondents by forage conservation  
(N=154) in Kwale and Kilifi Counties

Forage conserved Frequency Percentage (%)
Conservation 57 37
 Hay 42 27.3
 Silage 1 0.6
 Other 14 9.1
No conservation 97 63
Total 154 100

Hay production

Almost half (48.9%) of the respondents conserved hay to use as dry season feed (Table 1.2). Farmers considered 
the cost of conservation to be important as well as the ease of conservation as important in hay conservation. 
These are critical considerations especially because the whole exercise is mostly done manually. The small 
number of dairy animals kept; and the expected milk production could also be factors contributing to low 
conservation efforts.

Table 1.1.2: Reasons for conserving and not conserving hay in Kwale and Kilifi Counties

Reason for conserving hay 
(N=45)

% of  
respondents

Reason for not conserving 
hay (N=120)

% of  respondents

To get dry season feed 48.9 Lack of skills and knowledge 74

Cheap to make 24.4 Insufficient materials 16.7

Easy to conserve 17.8 Labour intensive 8.3

Easy to store 13.3 I have enough fodder 3.3

Material is easily available 4.4 My animals do not eat it 0.8

Expensive 0.8
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The main constraints to forage conservation were lack of skills and knowledge on conservation (74%), 
inadequate materials to conserve and the high cost of labour and materials used in conservation.

Silage making 

Silage retains the original feed nutrients, and has potential to increase dairy productivity. However, only one 
respondent in Kwale district made silage. The main reasons for not making silage were lack of skills and 
knowledge (63%), insufficient materials (13.7%) and high expense (10.1%) (Table 1.3).  The estimated cost 
of ensiling one ton of silage was KES 3500-4200 in 2013 for labour and materials. The major costs in silage 
making were labour for harvesting, chopping and compacting, digging of the silage pit, polythene sheet and 
maize bran.   Opportunities exist for making silage as a business to sell to other farmers during the dry season. 
The fact that a farmer can make small quantities at their convenience may also be a motivation. 

Table 1.1.3: Reasons for not conserving silage by percentage of farmers in 
Kwale and Kilifi Counties

Reasons for not conserving silage Percentage of respondents

Lack of skills and knowledge 63.0

Insufficient materials 13.7

Expensive 10.1

I have enough fodder 5.1

Labour intensive 4.3

My animals do not eat it 0.7

Conclusions

Fodder conservation among smallholder dairy farmers in coastal Kenya is low. Only 37% of the farmers 
conserve forage. The main constraints to silage conservation were high cost, low availability of materials and 
inadequate skills.  

Recommendations

The following recommendations are proposed as a follow up towards enhancing the project outputs.
1. Strategies to enhance availability of materials for making hay and silage should be adopted. These 

technologies should be appropriate for small scale farmers with small holdings
2. The cost of silage making should be minimized through use of low cost inputs 

1.2 Effect of Seasonality of Feed Resources on Dairy Cattle Production in Kwale and Kilifi Districts of 
Kenya, Mburu, L. M.

Objectives

The study was carried out to analyze the effect of seasonality of feed resources on dairy cattle production in 
Kwale and Kilifi counties of Kenya. The specific objectives were to:
1. To describe the demographic and socio-economic status of small-scale dairy cattle farms in Kwale and 

Kilifi counties.
2. To estimate forage dry matter production in small-scale dairy cattle farms in Kwale and Kilifi 

counties.
3. To evaluate the nutritive value and digestibility of common feedstuffs in small-scale dairy cattle farms 

in Kwale and Kilifi counties.
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Data was collected through a cross-sectional survey conducted on a random sample of 415 dairy cattle producers 
followed by a longitudinal survey on a stratified sample of 32 farms (12 from Kwale and 18 from Kilifi district) 
from the main cross-sectional sample for 12 months. The cross-sectional survey was carried out from March to 
May 2012 through PRAs, focus group discussions, key informant interviews and a semi-structured pre-tested 
questionnaire. The pre-tested questionnaire was completed through one time visit interview with the household 
head or, in his/her absence, the most senior member available or the household member responsible for day 
to day farm management. Information collected was based on the respondent’s recall. Data on household 
demography, labour, inputs and forage types, area under forage, animal types, animal numbers, animals’ age 
and estimated animal live weights using girth tape, animal feed consumption and milk production for the day 
before the interview was conducted.

The longitudinal survey was conducted from May 2012 to June 2013 to obtain detailed farm data using a 
checklist from a purposive sample of 35 farms from the main survey. The farms were selected based on the 
following criteria: a zero-grazed or semi zero-grazed lactating cow not served at the commencement of the 
longitudinal survey, ability of the farmer to keep records and willingness to participate in the study. Detailed 
farm data on feed production, type of feed, animal feed intake and performance (milk yield, live weight 
change) were collected every two weeks by trained enumerators. Prior to commencement of data collection, 
farmers were trained on how to sample feeds, measure milk yield and weigh feeds offered to animals.

Laboratory samples preparation and analyses

During the longitudinal survey, 777 samples (Kwale, 412 and Kilifi, 365) from 26 roughage types were 
collected. Each sample was chopped and divided into two portions at KARLO-Mtwapa. One portion was 
oven dried at 105°C for 24 hours to a constant weight for DM determination while the other was oven dried 
at 60°C for 24 hours to constant weight for nutritive value determination. Thereafter, the portions for nutritive 
value were ground in a Willey mill to pass through a 2mm screen and stored in nylon zip-lock bags. Due to 
their low frequency of occurrence and use as feed on the farm, as well as the high cost of nutrient analysis, 
274 samples from 16 roughage types were eliminated from further analysis. The remaining 503 samples were 
composted based on roughage type and farm, and then sub-sampled, resulting in 142 samples from 10 types of 
roughages for chemical composition determination (Table 1.2.1). These were two weeds: Asystacia gangetica 
and Commelina benghalensis: seven pasture grasses: Cynodon plectostaychus, Panicum maximum, Panicum 
coloratum, maize stover, Napier grass, Rottboelia exaltata, and mixed natural pasture grass species and one 
tropical browse shrub: Leucaena leucocephala. 

Table 1.2.1: Frequency of roughage samples used in chemical composition analysis by district

  Roughage species Kilifi district (%) Kwale district (%) Overall (%)
1 Asystacia gangetica 6.4 5.2 5.8
2 Commelina benghalensis 11.5 8.4 9.9
3 Cynodon plectostaychus 9.6 11.0 10.3
4 Panicum maximum 6.4 5.2 5.8
5 Panicum coloratum 4.5 8.4 6.4
6 Maize stover 8.3 11.6 9.9
7 Napier grass 14.6 12.9 13.8
8 Rottboelia exaltata 7.6 3.9 5.8
9 Natural pasture grass species 25.5 27.7 26.6
10 Leucaena leucocephala 5.7 5.8 5.8
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The chemical composition of roughage samples was analyzed using Rugged Near-IR spectrometer (NIRS) 
using MPA integrating sphere (Bruker Optics, 2013). Before scanning, the samples were pre-dried at 60oC 
overnight in an oven to standardize the moisture content. The organic matter (OM) was determined through 
dry-ashing in a muffle furnace for 4 hours at 500°C.

For in sacco degradation and in vitro dry matter digestibility (IVDMD) determinations, 35 representative 
forages were selected proportionally from the 142 samples according to seasons. These were Asystacia 
gangetica (2 samples), Commelina benghalensis (3 samples), Cynodon plectostaychus (3 samples), Panicum 
maximum (2 samples), Panicum coloratum (2 samples), maize stover (2 samples), green maize forage (2 
samples), Pennisetum purpureum (5 samples), Rottboelia exaltata (3 samples), natural pastures grass species 
(9 samples) and Leucaena leucocephala (2 samples). 

In vitro dry matter digestibility was determined following the methods of Tilley and Terry (1963) by incubating 
5g of sample in thermostatically controlled water bath in duplicates. Rumen liquor, 500 ml, was obtained from 
the rumen of a cannulated steer fed on Rhodes grass hay and grazed on natural pastures at the University of 
Nairobi, College of Agriculture and Veterinary Sciences.

Data analysis

Data from cross-sectional survey was analyzed using the SPSS program for descriptive statistics and one-way 
ANOVA tests were conducted to test the differences between the study sites based on gender and district.
The data obtained from in vitro dry matter digestibility and in sacco was subjected to the analysis of variance 
(ANOVA) procedure using the General Linear Model procedure of the SAS program (SAS, 2003). Significant 
means were compared using the Duncan’s Multiple Range Tests.

Results

Result 1: Demographic and socio-economic characteristics of surveyed households
The characteristics of the households’ varied by gender and district in the survey area are shown in Table 1.2.2. 
The sampled households were 74.7% from Kilifi and 25.3% from Kwale counties. Of the sampled households, 
62.9% were male-headed and 37.1% were female headed. 

 Table 1.2.2: Households characteristics by gender and district 
Characteristic Gender District Total respondents 

Female Male Kilifi  Kwale Overall S.D Range
Proportion of households (%) 37.1 62.9 74.7 25.3 - - -
Household head age (years) b 51.2 51.0 50.0 54.3 51.1 10.8 26 - 86
Head farming experience (years) 7.6 7.9 7.9 8.2 7.8 5.6 1 - 30
Number of household members b 6.8 7.1 7.3 6.3 7 3.3 1 - 18
Male head of household (%) - 62.9 63.9 60.0 62.9 - -
Household head education characteristics 
None 41.6 13.4 27.1 14.3 23.9 - -
Primary 32.5 39.1 38.4 31.4 36.6 - -
Secondary 17.5 29.1 21.6 34.3 24.8 - -
Post-secondary 8.4 18.4 12.9 20.0 14.7 - -
Employment opportunities 
Household head works off-farm (%) a 11.7 24.5 18.4 23.8 19.8 - -
Hired casual labourers (%) b 34.4 33.7 50.5 28.4 34.0 - -
Hired long-term labourers (%) b 26.0 32.2 56.2 21.0 29.9 - -
Hired labour (%) b 46.1 50.6 40.0 75.2 48.9 - -
*S.D is standard deviation; a household head works off-farm was significant at P<0.05 by gender; b household 
head age, number of household members, hired either casual or long-term labourers, hired casual and long-term 
labourers were significant at P<0.05 by district.  
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About 61.4% of household heads had attained primary and secondary levels while 14.7% had a post-secondary 
level of education. These results reflect the national trend where 68% of the respondents attained primary and 
secondary education and 12% post-secondary education (KNBS, 2010). The level of education had an effect 
on off-farm employment and this explains why in Kilifi County, a small proportion of household heads worked 
off-farm (18.4%). Kwale County had a higher proportion (23.8%) of household heads who worked off-farm 
than Kilifi County, perhaps reflecting the fact that more of these had attained secondary and post- secondary 
education levels and, thus, having better economic opportunities off-farm. In addition, a larger proportion 
(41.6%) of female household heads had no formal education and had lower proportions attaining higher levels 
of education than their male counterparts. These results reflect the national trend where females have lower 
literacy rates and lower levels of education than the male gender (KNBS, 2010). 

The results of this study indicated that dairy farming in Kwale and Kilifi counties is practiced by farmers 
aged more than 50 years as the mean age of household head was 51.1 years, ranging from 26 to 86 years. The 
mean ages of household head for Kilifi and Kwale counties was 50 and 54.3 years, respectively and differed 
significantly (P<0.05). The mean dairy cattle farming experience was 7.8 years, ranging from 1 to 30 years. 
This suggests that younger people are going into dairy farming.

Majority (80.2%) of households’ heads were full-time farmers as only 19.8% worked off-farm. Almost twice 
the number of males (24.5%) worked off-farm compared to females (11.7%), which indicated that women 
were less likely to work off-farm than men.  

The cattle herd size ranged from 1 to 35 cattle per farm, with a mean of 3.9 heads, and this constituted 21.5% 
of all the livestock on the farm. The cattle herd size did not vary significantly (P>0.05) between male-headed 
and female-headed households (Table 1.2.3). Cattle herd sizes were generally small, with 61% of respondents 
having 1-3 and 26.3% having 4-6 heads of cattle.

Table 1.2.3: Mean cattle distribution by gender and district  

Household 
head

District Whole sample

Types of 
livestock

Female Male Kilifi  Kwale Overall S.D Range

Cattle 3.9 3.9 3.6 4.8 3.9 3.3 1-35
1 – 3 cattle 59.7 61.7 63.9 52.4 61.0 - -
4 – 6 cattle 29.2 24.5 26.1 24.8 26.3 - -
7 – 10 cattle 6.5 8.0 6.1 11.4 7.5 - -
> 10 cattle 4.5 5.7 3.2 11.4 5.3 - -

Land availability for cattle rearing, 68.4% had less than 2.4 ha, 20.3% had 2.4 to 4.4 ha and 11.3% had more 
than 4.4 ha (Table 1.2.4). The overall mean land size was 3.1 ha, higher than the reported mean agricultural 
land holding of 1.5 ha for coastal lowlands (KNBS, 2010). The mean land area under Napier grass was 0.3 
ha, which was less than the recommended 0.4 ha per cow. The area under Napier grass ranged from 0 to 2 ha, 
an indication that some farmers with dairy cattle had no Napier grass on their farms. The mean acreage under 
maize was 0.7 ha (range 0-3.2 ha), while the mean acreage under pastures was 1.1 ha.
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Table 1.2.4: Land use and class by gender and district 

Household head District Whole sample

Land (ha) Female Male Kilifi  Kwale Overall S.D* Range

Total land sizea 2.0 2.1 1.8 3.1 3.1 2.0 0.1-12

Napier grass a 0.3 0.3 0.2 0.4 0.3 0.3 0-2

Maize a 0.7 0.7 0.6 1.1 0.7 0.6 0-3.2

Natural
pastures a

1.0 1.1 0.9 1.6 1.1 1.4 0-10

Land class (%)

< 2.4 ha 66.9 68.4 68.4 53.3 68.4

2.4-4.4 ha 18.8 22.6 20.3 23.8 20.3

> 4.4 ha 14.3 14.2 11.3 29.2 11.3

*S.D is standard deviation; a total land size, Napier grass, maize and natural pastures were significant at P<0.05 
by district.

The results show low adoption of forage conservation technologies was 14.5% and 8.2% of respondents had 
conserved either in form of hay or silage respectively (Table 1.2.5). The reasons given for the low levels of 
forage conservation by the respondents during the study ranged from inadequate feed resources to conserve 
and technical knowledge. 

Table 1.2.5: Feed conservation strategies and trainings by gender and district

Proportion conserved (%) * Household head District 
Male Female Kilifi Kwale Overall 

Conserved hay 16.4 16.1 10.1 28.3 14.5
Conserved silage 6.7 5.3 5.4 15.5 8.2
* Proportions conserved hay and silage significant (P<0.05) by district.

Result 2: Estimation of forage dry matter production 

Land use for the production of roughage and estimates of DM production are shown in Table 1.2.6.
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Table 1.2.6: Land use parameters and feed production from cultivated land and natural pastures 

Land use Total 
area (ha)

Proportion 
of area (%)

Forage 
production 
(kg DM/ha)

Forage 
production 
(ton DM/ha/ 
year)a

DM feed 
availability 
(kg DM/ 
year)b

Contribution 
to basal feed 
resource (%)

Cultivated land 320.2 43.6c    

Napier grass 93.8 29.3 d 1,552 582.3 436.7 15.1

Other crops 23.1 7.2 d - - - -

Maize stover 203.3 63.5 d 1,058 430.1 322.6 11.1

A. gangetica 49.3  24.2e 1,223 241.2 180.9 6.2

C. benghalensis 88.8 43.7 1,335 474.0 355.5 12.3

Pasture grasses 414.5 56.4c

P. maximum 28.4 6.9f 1,869 212.4 159.3 5.5

P. coloratum 27.2 6.6f 1,605 174.6 131.0 4.5

C. plectostaychus 34.9 8.4f 1,839 256.7 192.5 6.6

R. exaltata 17.2 4.1f 1,645 113.2 84.9 2.9

Natural pastures 306.8 74.0f 1,125 1,380.2 1,035.2 35.7

Estimated 
production 13,251 3,864.7 2,898.6 100
a Forage is harvested four times a year except maize stovers which was cut twice; b Takes account harvesting and 
/or grazing losses of 25% harvested twice a year; c Fraction of total available land for forage production; 
d Fraction of total cultivated land area; e Fraction of total area under maize, f Fraction of total pasture land area 
and DM/ha = Dry matter per hectare.

Of the land area available, 56.4% was under pasture grasses while 43.6% was cultivated land under Napier 
grass, maize and other crops (cassava, sweet potatoes, cow peas, bixa). The contribution of various roughages 
ranged from 2.9 to 35.2%. Napier grass occupied 29.3% of cultivated land and yielded 582.3 ton DM of forage 
per year. This may be attributed to the fact that most farmers did not manage their Napier grass as recommended 
through proper weeding, returning slurry and applying fertilizer to the fodder. Maize, which is a staple food 
crop in the region, was given preference and occupied 63.5% of cultivated land. Under rain-fed conditions, 
430 ton DM of maize stover was produced per year, which translated to 1ton DM/ha per cut. Maize stover 
was the most abundant arable by-product on the farms. This livestock/crop interaction increases the efficiency 
between the enterprises through nutrient cycling given the deficiency of important soil nutrients resulting from 
the intensive and low input agriculture. This practice recycles important soil nutrients particularly nitrogen 
and phosphorus, that could otherwise be replenished through the purchase of the more expensive inorganic 
fertilizer. 

Natural pastures  occupied 74% of the land including the areas under cashew nut, coconut, orange and mango 
trees and open woodland where cattle were grazed or grasses are ‘cut and carried’ for stall feeding purposes. 
The pasture yield ranged from 1.1 ton DM/ha per cut for mixed grass species to 1.9 ton DM/ha for P. maximum. 
Most of the natural pastures consisted of mixed grass species (Table 1.2.7) and yielded 1,380.2 ton DM per 
year, with C. plectostaychus having highest occurrence (38.7%) and R. exaltata the least occurrence at 14.2%. 
C. benghalensis, which is a common weed in pasture fields, had 9.1% occurrence. This pasture mix had a DM 
and CP content of 369 and 84.1 g DM/kg, respectively. 
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Table 1.2.7: Proportionate species composition of natural pas-
tures mix

Pasture grass Proportion (%)
Cynodon plectostaychus 38.7
Panicum maximum 20.8
Panicum coloratum 17.3
Rottboelia exaltata 14.2

Commelina benghalensis 9.1

Result 3: The nutritive value and digestibility of common feedstuffs in small-scale dairy cattle farms 

Nutritive value

The common feedstuffs in the study area were selected based on their abundance, preference and accessibility 
to dairy cattle for chemical composition and in vitro dry matter digestibility (IVDMD). The seasons were: 
season I (short dry season from August - September 2012), season II (short rains season from October - 
December 2012), season III (long dry season from January - March 2013) and season IV (long rains season 
from April - July 2013). The mean (for all the seasons) DM, CP and NDF composition of common roughages 
in the study area are shown in Table 1.2.8.

Table 1.2.8: Mean chemical composition (g/kg DM) of common 
feed resources 

Roughages DM (g/
kg)

CP NDF

L. leucocephala 372.8 270.8 333.6
C. benghalensis 168.5 162.7 403.8
A. gangetica 273.4 131.8 493.4
Maize forage 389.0 112.8 676.6
R. exaltata 367.7 97.1 671.4
Napier grass 227.5 86.4 716.6
P. maximum 274.3 85.7 724.8
P. coloratum 264.7 85.2 675.5
C. plectostaychus 466.7 84.5 723.1
Natural pasture grasses 369.0 84.1 603.8
Maize stover 587.2 72.2 721.1

There was considerable variation in the composition between roughages which may be attributed to soil 
conditions, stage of maturity at harvest, forage species, variety or hybrid, and weather conditions. The CP 
content ranged from 72.2 g/kg DM for maize stover to 270.8 g/kg DM for L. leucocephala. The NDF ranged 
from 333.6 - 724.8 g/kg DM and for L. leucocephala and P. maximum and L. leucocephala and P. coloratum 
respectively. 

Maize stover had a CP content of 72.2 g/kg DM while green maize forage had 112.8 g/kg DM. Field observations 
showed that the most common methods of handling the maize stover were harvesting and storing under trees, 
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or in the homestead in barns that were not roofed, or stacking in open fields for gradual collection as required 
for feeding. These methods exposed the maize stover to vulgarities of weather and leaf shattering, leading to 
considerable loss of foliage. 

In vitro dry matter digestibility (% DM) of common roughages

There were significant variations in the IVDMD between some of the roughages (Table 1.2.9). The IVDMD 
ranged from 40.3 – 63.3%. C. benghalensis IVDMD was significantly different (P<0.05) from all others 
except A. gangetica. Maize stover and green maize forage IVDMD were significantly different (P<0.05).

Table 1.2.9: In vitro dry matter digestibility (% DM) of common roughages 

Roughages n Mean Std. Deviation
Weeds 
C. benghalensis 4 63.3a 4.06
A. gangetica 4 56.8ab 6.94
Crop residues 
Green maize forage 6 52.9b 5.30
Maize stover 2 39.1c 1.45
Planted fodder
Napier grass 9 40.3c 4.06
Pasture grasses
Panicum coloratum 4 44.7c 5.48
Rottboelia exaltata 6 41.7c 5.27
Cynodon plectostaychus 6 41.6c 6.51
Panicum maximum 4 41.4c 2.01
Natural pastures 19 40.3c 7.31
Tropical shrub
L. leucocephala 4 54.3b 1.61
Means in the same column bearing different superscripts are significantly different (P<0.05).

Conclusion

There was less than ��% adopt�on of forage conservat�on technolog�es. Pasture grasses occup�ed ��% of 
the land wh�le Nap�er grass occup�ed ��% of the cult�vated land. Natural pastures contr�buted ��% of the 
basal feed compared to Nap�er grass wh�ch was second w�th ��%. Leucana had h�ghest CP and lowest f�bre 
wh�le ma�ze stover had the lowest CP and over �00 g/kg DM. Green ma�ze stover had over �00 g CP/kg 
DM. S�m�larly, C. benghalensis and A. gangentica and L. leucocephala had the h�ghest d�gest�b�l�ty and are 
therefore good qual�ty forages. 
 
Output 2. The Quality of Napier Grass/Cassava Silage Determined by March 2012, Mambo L.C and S. 
Bimbuzi

Objectives
 

�. To determ�ne the effect of replac�ng gl�r�c�d�a leaves w�th cassava leaves as prote�n sources and ma�ze 
bran w�th fresh cassava or dry cassava ch�ps as carbohydrate sources on qual�ty of Nap�er grass 
s�lage. 
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�. To determ�ne the treatments for the subsequent da�ry cattle feed�ng exper�ment. 

Materials and Methods

Nap�er grass and gl�r�c�d�a leaves and tender stem requ�red for s�lage mak�ng were harvested from an ex�st�ng 
f�eld of Nap�er grass �n leucaena alleys one day before the start of the s�lage mak�ng exerc�se. Cassava leaves 
were also harvested from a f�eld of mature cassava at the Centre. Th�s was to allow the leafy mater�als to w�lt 
and reduce mo�sture content. Nap�er grass was chopped us�ng a motor�zed chaff cutter to s�zes of about � cm 
length. Cassava leaf w�th pet�oles and tender stems and gl�r�c�d�a leaves and tender shoots were not chopped. 
Cassava roots were washed to remove adher�ng so�l. The cassava roots were ch�pped and dr�ed for two days 
to a constant we�ght. Ma�ze bran was purchased from a local commerc�al ma�ze m�ller. 

The polythene bags were prepared by cutt�ng �00 cm lengths of a polythene tube roll (G�00). Even pleats of 
about �0 cm lengths were made along the c�rcumference �n one end of the �0 cm d�ameter tube to fac�l�tate 
ty�ng us�ng cotton thread. The tube was t�ed and turned �ns�de out. The s�lage �ngred�ents were m�xed �n the 
rat�o: �0:��:� be�ng Nap�er grass: Gl�r�c�d�a or cassava leaf: dry fresh cassava ch�ps or ma�ze bran respect�vely. 
The amount of fresh cassava roots was calculated from a rat�o of �:� for fresh to dry cassava ch�ps. The 
�ngred�ents of the var�ous s�lages were thoroughly m�xed and compacted �nto the bags by hand. N�ne treatment 
comb�nat�ons were made as follows and repl�cated three t�mes: 

�. Nap�er grass (�.�� kg) + No prote�n + ��0 gm ma�ze bran
�. Nap�er grass (�.� kg) + ��0 gm gl�r�c�d�a + ��0 gm ma�ze bran (Convent�onal s�lage)
�. Nap�er grass (�.� kg) + ��0 gm gl�r�c�d�a + �00 gm fresh cassava 
�. Nap�er grass (�.� kg) + ��0 gm gl�r�c�d�a +��0 gm dr�ed cassava.
�. Nap�er grass (�.��kg) + No prote�n + �00 gm fresh cassava 
�. Nap�er grass (�.�� kg) + No prote�n + ��0 gm dr�ed cassava
�. Nap�er grass (�.� kg) + ��0 gm cassava leaf + ��0 gm ma�ze bran 
�. Nap�er grass (�.� kg) + ��0 gm cassava leaf + �00 gm fresh cassava.
�. Nap�er grass (�.� kg) + ��0 gm cassava leaf + ��0 gm dr�ed cassava

The polythene bag s�lages were stored �n a laboratory at the Centre. 

Experimental design

The treatments were arranged �n a factor�al des�gn to evaluate the effect of prote�n source (None, gl�r�c�d�a and 
cassava leaves) and energy source (ma�ze bran, fresh cassava and dry cassava ch�ps) as shown �n Table �.�. 

Table 2.1: Factorial arrangement of treatments

Forage Protein source Energy Source
Napier grass None Maize bran

None Fresh cassava
None Dry cassava

Napier grass Gliricidia Maize bran 
Gliricidia Fresh cassava
Gliricidia Dry cassava

Napier grass Cassava leaf Maize bran 
Cassava leaf Fresh cassava
Cassava leaf Dry cassava
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Nutrient analyses

The polythene bag silages were opened after eight weeks and samples taken for dry matter (DM), crude 
protein (CP) and neutral detergent fibre (NDF) analyses (AOAC, 1990). 

Results

Nutrient analyses data from samples of the nine silage combinations were statistically analysed to evaluate 
the effect of protein and energy source on nutrient composition of the silage. The results are shown in Table 
2.2. There was no significant interaction between protein and energy source and therefore the main effects are 
discussed. The results show that supplementing Napier grass silage with gliricidia or cassava leaves increased 
the crude protein (CP) in the silage from 71 for no supplement to 103 and 115 g/kg DM for gliricidia and 
cassava leaves respectively. There were no significant differences between the effects of the two protein 
supplements. The protein supplements had no significant effect on the silage neutral detergent fibre (NDF). 
Silage made with dry cassava tubers as the energy supplement had significantly lower CP (82) than 98 and 
109 g/kg DM for silage supplemented with fresh cassava tubers and maize bran respectively. The NDF was 
significantly high in silage supplemented with fresh cassava tubers (590 g/kg DM) compared to maize bran 
(511 g/kg DM) and dry cassava tubers (526 g/kg DM). The latter two were not significantly different. Cassava 
leaves and tubers can therefore be used to replace gliricidia leaves and maize bran respectively.

Table 2.2: The effect of substituting gliricidia with cassava leaves on nutrient composition of Napier 
grass based silage
Protein source Crude protein NDF Ash Calcium Phosphorous

--------------------- (g/kg DM) ---------------------------------------------
None 71a 575 92.6
Gliricidia 103b 527 93.4
Cassava leaves 115b 525 90.9              
LSD (P<0.05) 12.6 51.3 12.7
NDF – Neutral Detergent Fibre; LSD – Least Significant Difference

Table 2.3: The effect of substituting maize bran with fresh or dried cassava on nutrient composition 
of Napier grass grass based silage

Energy source Crude protein NDF Ash Calcium Phosphorous
-------------------------------- (g/kg DM) --------------------------------------------

Maize bran 109 511 94.3
Fresh cassava chips 98 591 96.1
Dry cassava chips 82 526 86.6
LSD (P<0.05) 12.6 51.3 12.7
NDF – Neutral Detergent Fibre; LSD - Least Significant Difference

Output 3. The Effect of Napier Grass/Cassava Silage on Milk Production in the Dry Season 
Determined by 2013, G. S. Munga, S. Bimbuzi and L. C. Mambo

Objectives

�. To determ�ne the effect of cassava leaves as a subst�tute for gl�r�c�d�a �n Nap�er grass s�lage
�. To determ�ne the effect of dry and fresh cassava ch�ps as subst�tute for ma�ze bran �n Nap�er grass 
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s�lage 
�. To determ�ne the effect of cassava based s�lage on m�lk y�eld �n the dry season

 
Materials and Methods

Establishment of Napier grass/gliricidia 

An existing Napier grass field at KALRO Mtwapa was cut back, gapped and fertilizer applied  between 5th 

and 9th May 2012. New gliricidia alleys were planted from 10th to 21st May 2012. Additional Napier grass 
/gliricidia alleys were established in between 22nd and 30th May 2012 to ensure there was adequate forage for 
the experiment. First weeding was done from 4th to 9th June while 2nd weeding was done in July 2012. Old 
gliricidia alleys were cutback at one metre above ground using a power saw between 5th and 12th June 2012 to 
stimulate fresh and vigorous regrowth.

Plate 3.1: Land preparation (a) and Sorting Napier grass cuttings for planting (b)

Plate 3.2: Planting Napier grass (a) and gliricidia cuttings (b)

 a       b

 a       b

Plate 3.3: Stand of gliricidia ready for harvesting
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Establishment of cassava/maize intercrop 

Land preparation was done between 1st and 9th May 2012. Maize was planted from 14th to 18th May 2012 
at a spacing of 50 x100 cm and cassava four weeks later spaced at 100 x100 cm. The crops were weeded 
twice. Inorganic fertilizers (DAP and CAN) were applied as recommended. Bulldock (0.05GR 0.5g/kg Beta 
cyfluthrin) to control maize stalk borer was applied on 27th June 2012. Maize was harvested in September 
2012 and samples collected to estimate yield. Cassava was harvested after one year. An existing cassava crop 
was used for making chips and subsequently silage making.

Plate 3.4: Maize/cassava intercrop 

Preparing large quantities of silage for on-station livestock feeding experiment

Harvesting and Drying Cassava chips 

Harvest�ng cassava was done on ��th September �0�� and ��th September �0��. Process�ng and dry�ng ch�ps 
started on ��th September �0�� for � days us�ng motor�zed ch�ppers. The cassava roots were cleaned by brush-
�ng off loose sand before ch�pp�ng.  

Plate 3.5. Harvesting (a) and cleaning to remove loose sand (b) in preparation for chipping

 a       b
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Plate 3.6. Processing cassava roots into chips (a) and sun drying (b) at the value addition workshop, KALRO Mtwapa

 a            b

Plate 3.7. Packaged dry cassava chips in jute bags ready for use

 Silage making for feeding experiment on station 

The cassava roots were harvested from an existing crop of Shibe variety which was about 12 months old. The 
tubers were washed and chopped using a motorized cassava chipper. Cassava chips were solar dried for three 
days to moisture content of 10.5%. The existing gliricidia was cut back in May 2012 and allowed to re-grow to 
maturity before harvesting. Gliricidia leaves and stems less than 5mm diameter were used. All cassava leaves 
including young tips after harvesting were used. The forages were pre wilted for a day before ensiling. Napier 
grass  was chopped using tractor PTO driven chaff cutter and the recommended proportions of Napier grass, 
protein and energy sources in the ratio of 70: 25: 5 (Mambo et al, Undated leaflet) were ensiled.

Five different types of silages were made between 20th and 30th November 2012 as follows:

Treatment 1 – Napier grass + Gliricidia forage + Maize bran (conventional)
Treatment 2 – Napier grass + Gliricidia forage + fresh cassava chips
Treatment 3 – Napier grass + Gliricidia forage + dry cassava chips 
Treatment 4 – Napier grass + Cassava leaf + fresh cassava chips
Treatment 5 – Napier grass + Cassava leaf + dry cassava chips 
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Plate 3.8. Compacting silage during ensiling

Feeding experiment on station 

Materials and Methods 

The study was carried out at KALRO Mtwapa (3o 5’ S and 39o44’ E). Twenty four cows were selected from a 
herd grazing on natural pastures at KALRO Mtwapa in their mid-lactation. They were allocated six treatments 
replicated four times in February 2013 as follows:

1. Fresh Napier grass (ad libitum) + fresh gliricidia (8 kg) + 3 kg maize bran daily (Control)
2. Napier grass/gliricidia/maize bran (Conventional silage) + 3 kg maize bran 
3. Napier grass/fresh cassava leaves/fresh cassava chips silage + 3 kg maize bran
4. Napier grass/fresh cassava leaves/dry cassava chips silage + 3 kg maize bran
5. Napier grass/fresh gliricidia/fresh cassava chips silage + 3 kg maize bran 
6. Napier grass/fresh gliricidia/dry cassava chips silage + 3 kg maize bran

The cows were balanced for live weight, daily milk yield and number of lactation prior to assigning them to 
treatment diets. The animals were housed randomly in individual stalls in two well ventilated zero grazing 
sheds of 12 cows each. The cows were allowed one week acclimatization in the experimental stalls prior to 
five weeks data collection.

Each cow was an experimental unit. The five types of silages were fed ad libitum while a sixth group was 
fed on freshly chopped Napier grass ad libitum and 8 kg gliricidia in two equal portions in the morning and 
evening (control). Each cow was supplemented with 3 kg maize bran in two equal proportions in the morning 
and afternoon and 60 g of a dairy mineral per day. Clean cool water was provided at all times. Refusals were 
removed from the troughs and weighed every morning prior to adding fresh feed. The experiment was carried 
out during the dry season between 18th February and 25th March 2013. 

Feed sampling and data collection

Maize bran, gliricidia, Napier grass and silage samples were collected at the beginning and at the end of 
the experiment, mixed and a sample taken for nutritive value analysis. The cows were milked twice a day 
(morning and evening). Data on milk yield, dry matter intake (DMI) per day and weekly weight changes were 
recorded.

Results 

The nutrient composition of Napier grass, gliricidia and maize bran is shown in Table 3.1.The crude protein 
of the silages was higher than 130 g/kg DM reported in previous studies at the Centre and repeat analyses was 
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requested.  The silages were acidic with a pH range of 4.4 to 4.8, an indication of good quality due to proper 
fermentation.

Table 3.1-Nutrient composition (g/kg DM) of Napier grass, Gliricidia, Maize 
bran and Silage diets

Sample CP NDF P pH
Napier grass 116.0 726.8 2.5 -
Gliricidia 290.0 412.0 2.5 -
Maize bran 159.4 567.4 2.6 -
Silage diets
Napier/Gliricidia/Maize bran 164.7 623.6 2.5 4.4
Napier/Cassava leaf/Fresh cassava chips 185.4 673.7 2.5 4.4
Napier /Cassava leaf/Dry cassava chips 168.5 587.6 2.5 4.4
Napier/Gliricidia/ Fresh cassava chips 153.5 699.6 2.5 4.8
Napier/Gliricidia/Dry cassava chips 163.5 604.3 2.5 4.5
LSD 104.1 112.0 0.1 -

The results indicated that there was no significant difference (P>0.05) in feed intake, milk yield and weight 
change in the cows fed the different treatment diets (Table 3.2). The average milk yield for all the treatments at 
the beginning of the study was 6.5 L compared to 6.7 L at the end. The yield was sustained although the cows 
were in mid lactation where a decrease in yield would be expected. 

Table 3.2. Mean Daily Milk Yield and Total Weight Change for the experimental period of 
Jersey cows fed Fresh Napier grass, Gliricidia, Cassava based silage and Maize bran

Treatment rations Milk yield/cow/
day (Litres)

Weight change/cow (kg)

Napier grass, Gliricidia, Maize Bran 6.93 - 2.81
Napier/Gliricidia/Maize bran silage 7.09 - 4.36
Napier/Cassava leaf/Fresh cassava chips silage 6.06 - 4.06
Napier /Cassava leaf/Dry cassava chips silage 6.26 - 4.06
Napier/Gliricidia/Fresh cassava chips silage 6.66 - 3.75
Napier/Gliricidia/Dry cassava chips silage 7.39 - 4.06
LSD 2.34 -3.51
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Profitability of the maize/cassava intercropping system 

The major food crops grown in coastal Kenya include maize (Zea mays), which is the primary staple crop, 
followed by cassava (Manihot esculenta) and cowpea (Vigna unguiculata). Farmers in the region practice 
maize-cassava intercropping (Mureithi et al 2000) primarily with the aim of addressing food security- in the 
event of failure of one crop, farmers have the second component for food. This system offers potential for 
feed availability through the use of by-products which are not used for human consumption and which would 
otherwise go to waste. The by-products include maize stover and bran and cassava leaves and unmarketable 
tubers. They offer an opportunity for bridging feed unavailability during the deficit months of January to 
March. The by-products can be preserved after crop harvest through drying or ensiling.

Legumes are also intercropped with maize, with the aim of providing supplemental dietary protein as well 
as improving soil fertility through biological nitrogen fixation. With increasing population pressure on land, 
farm sizes have become smaller and it is becoming common to find farmers growing the food crops under 
tree crops such as coconut (Cocos nucifera), cashew (Anacardium occidentale), mango (Mangifera indica) 
and citrus (Citrus spp). Thus crop mixtures are common on farms in coastal lowland Kenya. The opportunity 
cost of growing a pure stand of a given crop has become high because farmers would not wish to lose on other 
crops. Farmers in coastal Kenya give priority to food crops at the onset of rains and fodder production comes 
second. It was therefore necessary to include training on intercropping in this project to cater for the farmers’ 
food needs and determine the contribution of the system to income and feed for livestock.

Objectives

1. To assess the effect of shade on the productivity of a maize-cassava intercropping system.
2. To determine contribution of the system to food, feed during the dry season and income. 

 
Materials and Methods

Maize and cassava were established in two plots measuring one hectare each. One plot was under shade 
to mimic crop production under tree crops which is characteristic of coastal Kenya. The second plot was 

Plate 3.9. Maize/ cassava intercrop at Gombani women group farm in Chonyi, Kilifi County
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established in an open area. One of the maize varieties recommended for coastal Kenya, Pwani Hybrid 4 (PH4) 
and Shibe a cassava variety recommended for the area were used. The recommended agronomic practices 
under intercropping were used. Both crops were harvested at physiological maturity. Data on maize was taken 
from 10 random sub plots measuring 100 m2 except for stover where each net plot measured 40 m2. Cassava 
yield was estimated from nine random plots measuring 20 m2. 

Results

There were no differences (P>0.05) between shaded and unshaded plots for all cassava products except for 
the cassava leaves yield which was higher (P<0.05) under shade (1.67 vs. 1.25 t/ha) as shown in Table 3.3. In 
contrast all the maize products were different (P<0.05) between the shaded and unshaded plots. Shade reduced 
maize grain and bran yield by 48% and stover by 29% which means that maize production under tree crops 
is less favourable than in the unshaded areas.  It was estimated that the grain yield (1.23 and 2.38 t/ha under 
shade and unshaded respectively) would be adequate to feed a family of 10 for a year for production under 
shade. While without shade, the maize grain would be adequate to feed the family of 10 people with a similar 
amount for sale. The marketable cassava (19 and 22 t/ha) would be sold for between KES 317,720-323,600. 

The amount of silage made from the intercrop would be limited by cassava leaf production (1.25- 1.67 t DM; 
25% of the silage) to 5- 6.7 t of silage. With an estimated intake of 3% of a cow’s body weight, the requirement 
of a 400 kg cow for the 120-day dry period from January to April would be 1.44 t. The silage DM from one 
hectare would therefore be adequate for 3.5- 4.7 cows for 120 days. The 5.6 t DM of silage requires 280 kg 
DM cassava tubers; the rest (4.5- 6 t DM) can be dried and used as an energy supplement at 3 kg/cow/day for 
3- 5 cows for the whole year. By extrapolation, if the farmer has only one hectare, half of which is used for 
maize/cassava and the other half for Napier/gliricidia, then half this number (3- 5 cows) will be sustained, i.e., 
1.5- 2.5 cows. The 0.5 cow can be equated to a heifer weighing 200 kg.  At a stover intake of 1% of its live 
weight a 400kg cow would consume 4 kg daily. During the 120 days of forage scarcity, the stover requirement 
per cow would be 120*4 kg DM = 480 kg DM. Therefore, the maize stover from the intercrop could be used to 
feed 3 (1500/480) or 4 cows (2110/480) for 120 days for the maize-cassava production under shade or without 
shade, respectively. With proper feed budgeting, dairy farmers in coastal Kenya could therefore sustain milk 
production during the dry season and benefit from the premium prices offered by the buyers when milk is 
scarce.

Table 3.3- Summary yield of products from the maize-cassava intercrop (t DM/ha)
Product Shade Unshaded LSD
Cassava 
Cassava tuber yield  - total 30.48 28.71 6.662
   - marketable 21.98 19.12 7.951
   - unmarketable 8.50 (27.9%)1 9.59 (33.4%) 2.924
Cassava leaves 1.67 b 1.25a 0.393
Maize 
Total maize grain 1.23 b 2.38a 0.410
Sifted maize grain (commercial milling) 1.20 b 2.31a 0.3995
Siftings (commercial milling) 0.03 b (2.4%)2 0.06a (2.5%) 0.011
Pounded maize grain (hand pounded) 1.12 b 2.16a 0.373
Pounded maize bran (hand pounded) 0.11 b (8.9%)2 0.21a (8.8%) 0.037
Cob weight 0.28 b 0.53a 0.200
Stover weight 1.50 b 2.11a 0.436
Means bearing different superscripts within a row are different (P<0.05)
1Percent of total cassava yield; 2Percent of total maize grain yield 
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Output 4. Skills and knowledge of farmers on cassava based silage conservation, use and commercial-
ization enhanced by 2014, Saha, H.M., L. C. Mambo, J. Nyamasyo, K. K. Lewa and S. Kutisya 

Objective

To enhance skills and knowledge of farmers on cassava based silage conservation, use and commercializa-
tion by April 2014.

Implementation

Selection of participating farmers in the study area

During the situational analysis survey, four Community Based Organizations (CBOs) were selected per district 
as potential groups to participate in the project. The following were the criteria used for selecting the CBO’s: 

1. CBOs that were keeping dairy cows, preferably under zero grazing
2. Group growing Napier grass and/or cassava could also be given preference
3. Accessibility of the CBOs by non-participating farmers to be given high consideration as this would 

influence the success of the field days
4. CBO should be active (evidenced by regular meetings which are recorded, and participation in an on-

going group project)
5. Number of members in the CBO between 10-20, or at most 30
6. At least 50% of the members of the CBO with at least one dairy cow
7. At a meeting held on 23rd April 2012, project staff vetted the CBOs and saw the need to visit the farmer 

groups so as to confirm capacity and willingness to participate in the project. There was also need 
to agree on the different roles to be played by the researchers, extension staff and the CBOs during 
the implementation of the project. A team of three project staff visited each of the three participating 
districts from 2nd to 5th May 2012 for the purpose of selecting the six CBO’s that would participate in 
the project. 

The following program was used as a guide during discussions with farmers (Plate 4.1):
a) Introduction
b) Overview of the project (H.M. Saha)
c) Fodder conservation: Silage making (Bimbuzi/Mambo/Maritim)
d) Feed materials (L. Mburu)
e) Participation in the project: (H.M. Saha/J. Nyamasyo)

- Criteria to be met by the CBO
- Willingness of the CBO to participate in the project
- Roles to be played by the researchers, farmers and extension staff
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Plate 4.1. Project staff discussing with members of Gombani Women Group in Chonyi 

In each district, the project team was joined by a Livestock Production Officer. During meetings with farmers, 
the team leader translated the project title into Kiswahili, to ensure that all farmers understood what the project 
was about. In Kubo and Matuga divisions of Kwale district, the project team was faced with the challenge 
of having to decide on how best to work with CBO’s whose membership was less than ten. The farmers in 
both divisions were asked whether they would mind merging their small groups for the purpose of receiving 
training in large groups. They agreed and chose common training sites within each division that were centrally 
placed. By the end of this exercise, two CBO’s or groups of CBO’s had been selected in each district, to 
participate in the project.

Farmers/stakeholders sensitization on silage making and sale at the Centre  

A three day training of trainers (TOT) workshop was organized at KALRO Mtwapa on 20th -23rd May, 2013. 
Participants at this training workshop, who later served as Peer Trainers, comprised five business development 
service providers (BDSPs), six representatives of farmer groups and seven individual dairy farmers drawn from 
Malindi and Kilifi districts of Kilifi County and Kwale district of Kwale County. These were selected based on 
occupation and group affiliation. The BDSPs considered were those involved in private livestock extension, 
artificial insemination, animal health services and other related activities. Two government extension staff 
selected from each of the three districts were among the trainees, and these later trained farmers’ groups in 
their respective areas.
The Peer Trainers were selected by district livestock extension staff (Ministry of Livestock Development) 
based on the following criteria:

1. Interest in forage conservation 
2. Residence in the counties
3. Interest to train specific groups that are keeping dairy as a business and therefore know the need to 

sustain milk production during the dry season when the milk prices are high
4. Submission of proposed work plan indicating which groups (at least one group) to be trained and the 

training site. 
5. Availability of forages and cassava 
6. Evidence of training site with Napier grass, a legume fodder and cassava
7. Interested, active community based organizations already trained on forage production
8. Willing to prepare adequate amounts of silage to feed at least one cow during the dry season and 

demonstrate the same during a field day to coincide with the dry season of 2014
9. Trained farmers should be ready to host field days in their farms
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10. Evidence of having trained other farmers previously

During the TOT workshop, participants were issued with user friendly training materials. Facilitators at the 
TOT workshop later attended field days organized by the Peer Trainers to provide backup where necessary. 

Establish Napier, gliricidia and maize/cassava intercrop on-farm on two sites for each of the three 
districts (Kwale, Kilifi and Malindi)

Napier grass, gliricidia, maize and cassava were planted in six sites in Kwale (2), Kilifi (2) and Malindi (2) 
after farmers confirmed having received adequate rain (Table 4.1).

Before planting at each site, farmers were sensitized on agronomic practices on the crops to be planted. The 
discussions at each site (on the day for planting) centered on the following topics:

Topic 1: Agronomic practices for planting maize and cassava in coastal lowland Kenya

Ploughing - Deep tillage (Oxen or Tractor ploughing)
(a) Planting Maize/Cassava intercrop
 Maize - Spacing 1 x 0.5 m 
 Cassava -Spacing 1 x 1 m
 Cassava cuttings-Length 1ft (30 cm or one ruler) or 5-7 internodes
(b) Planting pure stand of maize
 Planting cassava -Spacing 1 x 1 m
 Planting maize: Spacing 0.75 m x 0.5 m (Two seeds per hole)
   Spacing 0.75 x .25 m (One seed per hole)
(c) Fertilizer Application: DAP-Apply one bottle top per hill during planting when there is adequate soil 

moisture. Separate fertilizer from seed with a layer of soil to avoid scorching of the seed. If there is no 
adequate moisture at planting, DAP application is done one week after germination about 10-15 cm 
away from the seedling.

Topic 2:  Agronomic practices of Napier/Gliricidia alley cropping  

(a) Spacing
 Gliricidia alleys are planted 5 m apart (with 4 rows of Napier grass in between).
 Gliricidia intra row spacing - 0 .25 m apart
 Napier grass-1 x 0.5 m (Plant four (4) rows of Napier grass between two (2) rows of gliricidia).
 Napier grass cuttings to be planted at 45o angle and gliricidia cuttings at 90o angle (i.e. upright).
(b) Fertilizer application
  Apply DAP 2.5 g per stool after sprouting 
 Apply CAN after the first harvest at the rate of 5 g or one heaped table spoon per stool when there is 

adequate moisture in the soil.

 Topic 3: Pest Control:

  Maize stalkborer
 Apply Bulldock three weeks after germination and repeat at 6 weeks at the rate of one pinch/plant or  
 4 kg/acre (4 kg/0.4 ha) or as directed by manufacturer.
 
Topic 4: Weed Control.

(a) Napier grass: Initial weeding is done after sprouting and then after every harvest. It can be combined 
with fertilizer or manure application.
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(b) Maize:Weeding is done three weeks after germination. Repeat after 6 or 7 weeks. (To ensure there is no 
competition of nutrients with weeds).

NB: Care should be taken not to disturb the cassava, Napier and gliricidia roots during weeding and any other 
activity in the field.

Topic 5: Importance of record keeping

Note the dates activities such as planting, fertilizer application and pest control are done. Attendance in 
meetings, training and working days will offer evidence of members’ involvement and cohesiveness of the 
group.

After the planting exercise, the sites were visited regularly to monitor progress of the crops. Materials raised 
in the plots were to be used for making silage during the on-farm training by Peer trainers.

Train farmers group on silage making and entrepreneurship on farm 

This activity was carried out in Kilifi on 19th and 20th June 2012, Malindi on 21st and 22nd June 2012 and Kwale 
on 26th and 27th June 2012. A Farmers Field School (FFS) approach was used where farmers learnt by doing. A 
curriculum was prepared to cover production of the forages to silage making, utilization/sale. The groups were 
issued with the Kiswahili version of Dairy production bulletin and one on maize production.

Field days / farmers exchange visits
 
Farmer-led field days were organized in Kilifi, Malindi and Kwale districts to coincide with the peak of 
the long dry season in March 2014. After having been trained on centre during the TOT workshop in May 
2013, the participating farmers made silage on six farms (two each in Kilifi, Malindi and Kwale) in July 
2013, enough to feed at least one dairy cow during the January - March dry season of 2014. During the 
field days, farmers demonstrated the technologies and provided all the relevant information pertaining to the 
technologies. Livestock Extension staff from the sub-counties and KALRO staff were on hand to provide 
backstopping support whenever required. This provided an opportunity to scale out the technology on cassava 
based silage.

Theme of the field days was “Sustain milk production during the dry season by feeding cassava based Napier 
grass silage”; which was also displayed in Kiswahili as “Imarisha utoaji wa maziwa wakati wa kiangazi kwa 
kutumia gugu nyasi (Napier grass) iliyo chachushwa au kuhifadhiwa na bidhaa za muhogo”

The field days were publicized through the farmers, extension staff, posters displayed in market places and a 
public announcement done the evening prior to the field day.

At each field day site, seven stations were organized, each displaying a specific technology with a relevant 
message accompanying the display (Table 4.1). Stations 1-3 focused on production systems for the crops that 
provide raw materials for the Cassava based Napier grass silage. Stations 4-6 demonstrated the equipment, 
materials and process of making cassava based silage, while the last station showed an animal actually feeding 
on the cassava silage. 

The new cassava varieties displayed were those from which leaves and roots had been used to make the 
silage. The maize/cassava intercropping system (station 2) is practiced by many farmers in coastal Kenya 
(Mureithi et al., 2000) with the aim of addressing food security since the two crops are the highest ranked 
food crops. The system offers potential for feed availability through the use of by-products which are not used 
for human consumption and which would otherwise go to waste. These by-products offer opportunities for 
bridging the feed deficit experienced during the months of January – March, through conservation into dry 
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maize stover, cassava leaf hay, dried cassava chips and silage. Station 3 had the Napier grass/gliricidia alley 
production system introduced into the region in the early 1990s (Mureithi et al., 1996). Station 4 demonstrated 
the equipment used to prepare materials that would eventually be used to make polythene bag silage (station 
5) or pit silage (station 6). Station 7 displayed an animal feeding on the silage. 

Table 4.1: Summary of the stations, specific management practices and messages displayed during the 
field days 
Station Technology type Message
1 New cassava varieties (Karembo and 

Shibe)
New variety, agronomy, production of leaves/
tubers, 

2 Cassava/Maize intercropping system Cassava tubers: marketable (t/acre); unmarketable 
(t/acre); Ensilable leaves (t/acre); maize grain (t/
acre); maize bran (t/acre)

3 Napier grass/Gliricidia alley production 
system

Agronomy

4 Napier grass/Cassava leaf/Cassava chips 
silage making

Demonstration of equipment and process

5 Polythene bag silage making Process and samples
6 Pit silage Process and samples
7 Feeding Napier grass/Cassava silage during 

dry season
Animal feeding on the silage, 20-25kg/day

NB: Farmers were more conversant with acres than hectares

On entry at the field day venue, participants registered their personal details after which they were assembled 
in groups of 5-10 which were then ushered to the display stations in order from station 1-7. The farmers walked 
through the stations listening to presentations and seeing demonstrations at each station. Charts containing 
some of the pertinent information at each station were displayed. Farmers were free to seek clarification where 
they did not understand. 

Enumerators were stationed at the exit points, after participants had viewed all the sections, to administer a 
questionnaire through a face to face interview. Data was entered in excel worksheets, validated and cleaned 
before analysis using SPSS version 20.0. Descriptive statistics mainly frequency distributions, means, mode 
and percentages were employed to describe the participants and their farm characteristics. Tests of association 
using the Pearson - Product Moment correlation were also done to assess the relationships between some 
selected variables.

Achievements 

Selection of participating farmers in the study area

Six farmer groups were trained on-farm by KALRO scientists. The total number of members of the six farmer 
groups was 108 (96 F, 12 M against a target of 120). The technologies disseminated were: Cassava/Napier 
silage making; cassava/maize intercropping system, new cassava varieties, Napier grass/gliricidia alleys, 
making silage in a polythene bags and pits, and feeding of Napier grass/cassava silage.

Farmers /stakeholders sensitization on silage making and sale at the Centre  

Training of Trainers (ToT) workshop on silage making was held from 20th- 22nd May 2013 at KALRO- 
Mtwapa for farmers, extension service providers and front line Extension Officers from Ministry of Livestock 
Development. A total of 25 participants (11 male and 7 female farmers, and 7 Extension Service Providers) 
were trained, instead of training six farmers’ groups in three districts as earlier planned (Plates 4.2 and 4.3).



��

The purpose was to train extension service providers, farmers and front line Extension Officers from Ministry 
of Livestock Development to be trainers on cassava based silage conservation, use and commercialization 
so that they later train farmers, and farmer groups in their respective areas in  Kwale, Kilifi and Malindi 
Districts. This was aimed at reaching more farmers other than the 6 CBOs (120 farmers) targeted in the 
original proposal.
It was expected that at the end of the workshop, participants would have gained knowledge on:

1. the cow calendar, in relation to lactation and dry periods as well as the timing of management activities 
for dairy

2. the production of Napier grass, cassava and gliricidia
3. keeping and maintaining livestock records
4. hay making and storage
5. Napier grass/Cassava silage making

Plate 4.2: Farmers being trained on how to prepare Napier grass for silage making

Plate 4.3: Farmers conserving cassava based silage in a polythene bag at KALRO Mtwapa
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Establish Napier, gliricidia and maize/cassava intercrop on-farm on two sites for each of the three 
districts (Kwale, Kilifi and Malindi)

Six on-farm sites (0.4 ha each) were planted with Napier, gliricidia, cassava and maize with the aim of raising 
materials for silage making (Table 4.2). Management of the plots was the responsibility of the farmers. Each of 
the two sites in Kwale (Kubo and Matuga) was managed by two CBOs. The farmers in these two sites decided 
to pool resources because of their relatively small group sizes.

During the monitoring visits, it was realized that some CBOs did a good job managing their plots, while others 
had not taken good care of the plots. Dheri Women Group had the best managed plot while Mwadziko Dairy 
Group and Mwomba Mungu Hachoki Women Group had the worst managed plot. The variable management 
levels at the six on-farm sites had great influence on the availability of material for making silage. Additional 
materials (Napier grass and gliricidia) were therefore supplied to Chonyi, Matuga, Gede and Kakuyuni.

Table 4.2. CBOs and corresponding dates of planting Napier, gliricidia, cassava and maize

District Sites Community based 
organization (CBO)

Number of 
members

Planting dates

Kilifi Tezo Dheri Women Group 15 Women 16-17 May 2012
Chonyi Gombani Women Group 40 Women, 1 Man 18-19 May 2012

Kwale Kubo Kubo Zero Grazing Group, 
Kilimo Bora, and Lengo Zero 
Grazing

11 Men, 3 Women 22-23 May 2012 

Matuga Mwadziko Dairy Group and 
Mwomba Mungu Hachoki 
Women Group

10 Women, 1 Man 24-25 May 2012 

Malindi Gede Mkenge Women Group 16 Women 29-30 May 2012 
Kakuyuni Kakuyuni Women Group 10 Women 31 May to 1 June 2012 

Train farmers group on silage making and entrepreneurship on-farm 

Three months after the training workshop at KALRO Mtwapa, nine out of the 18 Peer Trainers recruited and 
trained 193 farmers (80 F, 113 M) in Kilifi and Kwale counties. Silage made by farmers during training by peer 
trainers was fed to dairy cows before, during and after the on-farm field days at the peak of the January - March 
dry season in 2014. Peer Trainers were used to conduct the trainings on cassava based silage conservation, use 
and commercialization because they are easily accessible by farmers, as opposed to the KALRO scientists. 
The scientists from KALRO provided back stopping services during the on-farm training to check the level 
of competence of Peer Trainers as they train other farmers/ groups in their respective areas. This is farmer to 
farmer extension and reduces the dependency of Government-led extension services in the dissemination of 
technologies .It was expected that the trainers had gained knowledge that they would continue using in their 
work and therefore ensuring sustainability of the technology.

Field days/farmers exchange visits 

The field days were held on- farm in Malindi, Kilifi and Kwale from 10th to 21st March 2014. A total of six 
field days were held in Kwale and Kilifi Counties, attended by 739 participants (371 F, 368 M). During the 
field days, the host farmers reported increases in milk yield from cows fed the cassava based silage. A total of 
213 questionnaires were administered to respondents at the six field day sites to capture farmer perceptions of 
the field days and the cassava based silage technology.
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Lessons learnt

1. Farmers’ innovativeness: The farmers found it easier to pound the cassava roots, instead of chopping 
them using a panga. 

Plate 4.4: A farmer pounding cassava roots in preparation for silage making

2. Preparation of material for ensiling should be done a day or two before the actual activity of silage 
making.

3. Internal wrangles have continued to disrupt activities of farmers’ groups.
4. Time management: Farmers’ events (group activities and field days) generally ended late in the evening 

due to failure of the farmers to observe time.
5. Maize-cassava intercropping system can contribute positively to feed availability without compromising 

the human food requirements, through the use of cassava leaf and unmarketable roots for silage 
making.

Output 5. Technological Information on Cassava Based Silage Developed, Disseminated and Partnerships 
with Five Institutions Strengthened By 2014,  Muinga, R. W., H. M. Saha, K. K. Lewa and J. Nyamasio

Objectives 

1. To develop and disseminate technological information 
2. To enhance partnership with stakeholders 

Achievements 

A planning meeting for all stakeholders to discuss the project activities and select on-farm sites was held on 
13th March, 2012 at KALRO Mtwapa. The meeting was held to sensitize stakeholders on the project objectives, 
activities and expected outputs and also to spell out the roles of project participants. The 30 participants were 
drawn from the selected project sites to include farmers (male, female and youth), extension staff (crops and 
livestock) from the Province and Districts, researchers from KALRO Mtwapa and headquarters, collaborators 
from Pwani University and a PhD student from Nairobi University seconded to the project. Heifer project 
international (HPI) sent an apology. 
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Subsequent meetings were held in February 2013 and 2014. The review meetings were combined with three 
other EAAPP funded projects since they involved similar stakeholders. During each of these meetings, the 
team leaders for each objective presented their achievements and way forward.

During the meeting held on 19-20 February 2013, which was attended by all stakeholders including HPI, the 
team agreed to modify the activities under objective 4 as follows:

• Work with interested farmers in the two counties since it was noted that some of the selected farmers 
were disinterested in managing their training plots

• KALRO to train trainers who would then train farmers groups with dairy cows who have experienced 
the need for forage conservation instead of researchers doing the training as proposed in the project 
document

• The selected trainers would come with list of groups (who have planted Napier grass) to be trained and 
prepare a work plan by the end of the training

• The training of trainers (ToT) was proposed for June 2013 when Napier grass is available for hands on 
training

• Farmer training would then be done in July in a sight where Napier grass is already established
• Adequate amounts of silage would be made during the training to feed at least one cow during the dry 

season and demonstrate the same during a field day to coincide with the dry season in 2014
• At least two field days were planned per district to be hosted by the trained farmers.

The third annual planning and review meeting was held on 20th to 21st  February 2014 at KALRO Mtwapa. The 
meeting reviewed all the EAAPP funded projects at the Centre for cost sharing since the stakeholders from 
extension were the same. Each team leader representing each output under the cassava silage project presented 
the achievements from the previous year and highlighted the planned activities. 

The first half yearly/quarterly meeting was held on 7th to 9th August 2012 and was combined with visits to the 
project sites both on Centre at Mtwapa and on farm. The six groups, two each in Malindi, Kilifi and Kwale 
districts were visited by the PI and co PIs except J. Nyamasio, and Mr. Lewa who sent apologies. The target 
to establish two hectares of Napier grass grass in gliricidia alleys and maize/cassava intercrop had been met. 
The six groups had established ½ acre each of Napier grass in gliricidia alleys and maize-cassava intercrop. 
Some weather challenges were noted in Kwale and parts of Kilifi. Some groups had challenges of group 
dynamics in Kwale and were unable to establish and maintain the forages. A group in Kwale requested to be 
trained on silage conservation ahead of the scheduled training and this was accepted. A report on the status 
of each group is detailed under output 4. It was noted that the situational analyses report had been shared 
with team members/stakeholders. The team was encouraged to share information to enhance partnerships 
and transparency. Project monitoring continued through regular quarterly reports which were shared with all 
the team members/stakeholders and the Dairy Centre of excellence in Naivasha. The quarterly reports were 
summarized into annual reports which were submitted to the Dairy Centre of Excellence in Naivasha.

Technical publications were compiled as shown in Table 5.1 and the full publication form volume two of this 
report.
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Title Authors Where published/presented

Status of dairy feeding and silage 
conservation in  Kilifi and Kwale 
Counties

Lewa, K.K and R. W. Muinga Technical report No. 8, KALRO 
Mtwapa, January 2013

Training of trainers report Lewa, K.K, H.M. Saha, R.W. 
Muinga and L.C. Mambo

Training report No. 6 KALRO 
Mtwapa June 2013

The status of fodder conservation 
among smallholder dairy farmers in 
coastal Kenya

Lewa K.K and R. W. Muinga APSK 9 to 11 April 2013. 
Kakamega, Kenya

Use of peer trainers in the 
dissemination of cassava based silage 
technology in coastal Kenya

Mambo, L.C., K.K. Lewa, R.W. 
Muinga and S. Bimbuzi

1st EAAPP Mini conference held 
Morndat, Naivasha on 12-15  
November, 2013

Contribution of the maize/cassava 
intercrop system to feed availability in 
coastal lowland Kenya

Lewa, K. K., H. M. Saha, R.W. 
Muinga, L.C. Mambo, W. S. 
Chivatsi, G.  S. Munga and S. 
Bimbuzi. 

6th All Africa Conference on Animal 
Agriculture 27-30th 2014, KICC 
Nairobi

Effect of Napier grass/cassava silage on 
milk production during the dry season 
in coastal lowland Kenya. 

Munga G.S, L.C Mambo and S. 
Bimbuzi. 

6th All Africa Conference on Animal 
Agriculture 27-30th 2014, KICC 
Nairobi

Evaluation of silages made using 
cassava chips as fermentable 
carbohydrate in coastal Kenya. 

Mambo L. C., G.S. Munga, and S. 
Bimbuzi. 

6th All Africa Conference on Animal 
Agriculture 27-30th 2014, KICC 
Nairobi

Maize-cassava inter cropping: Effort 
towards food and feed security and 
increased incomes in coastal lowland 
Kenya

Lewa, K. K., W. S. Chivatsi, H M 
Saha, and R. W. Muinga

Submitted to LRRD journal on 13 
February 2015.

Cassava based Napier grass silage for 
increased milk yield during the dry 
season in coastal Kenya 

L.C. Mambo, G.S. Munga and 
R.W. Muinga

Video, KALRO Mtwapa, 2013

Hands on training on cassava based 
silage making

Bimbuzi, S., L. C. Mambo, K. K. 
Lewa

Video, KALRO Mtwapa, 2014

Farmer managed field days Mambo L. C., G.S. Munga, A. 
Gunga, S. Bimbuzi, K.K. Lewa, 
H M Saha, and R. W. Muinga

Video, KALRO Mtwapa, 2014

Farmer impact stories Munga G.S., L. C. Mambo, A. 
Gunga, S. Bimbuzi, K.K. Lewa, 
H. M. Saha, and R. W. Muinga

Video, KALRO Mtwapa, 2014

Utengenezaji wa silage ya Napier, 
muhogo na majani yake 

Mambo, L.C, S. Bimbuzi, H.M. 
Saha

Extension leaflet

Make Napier grass plus cassava leaf 
and chips silage

Mambo, L.C., S. Bimbuzi, H.M. 
Saha

Extension leaflet

The effect of seasonality of feed 
resources on dairy cattle production in 
coastal Kenya 

Mburu, L. PhD thesis, UoN submitted

Table 5.1-Project publications
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Partnerships

The project had participation from Pwani University, Heifer project international (HPI), Ministry of Livestock 
Development (MoLD) and Ministry of Agriculture (MoA) which were later merged to Ministry of Agriculture, 
Livestock and Fisheries (MoALF). There were staff changes in MoLD when the Co-PI (Joan Nyamasio) who 
was in Kilifi was appointed for a job in Kwale County and she was replaced by Betty Mwangudza. MoLD 
participated actively in farmer training and Field days. Heifer project international also participated in selecting 
the trainers but later their project focus changed and the staff was re located to Nairobi. The Co-Principal 
Investigator (Dr H. Saha), a lecturer in Pwani University played an active role from Project proposal writing 
to end of project reporting. He also led the activities in output 4 on dissemination and was actively involved in 
training and monitoring of the on farm work. The linkages established between the institutions were synergistic 
since each had different strengths. The well-established team plans to continue working together and has made 
initial steps towards a follow up project focused on upscaling and out scaling the technology.

Gender/HIV/Disability/drug and substance abuse considerations

During implementation of the project activities on-farm the team considered that small holder dairy is managed 
by women while sale of milk outside the neighbourhood is a man’s domain. Although women carry out most of 
the dairy activities, men make decisions on land use. These were considered during information gathering for 
the situational analysis and while selecting farmers to participate in silage production. The situational analysis 
showed that there were more female respondents in dairy farming in Kilifi and Malindi compared to Kwale.  
A deliberate effort was made to target the youth for sustainability of the technology across generations. The 
groups selected were composed of male, female and the youth. The youth were involved in silage making 
which is labour intensive. During group discussions, training and field days, farmers were sensitized on HIV/
AIDs, disability, drug and substance abuse. No farmer was excluded from the project due to any of these 
issues. The research implementing team had male and female representation.

Environmental Impact 

No negative environmental impact was envisioned. Farmers were encouraged to recycle polythene bags for 
silage conservation. The project aimed at providing farmers with an alternative dry-season feed to reduce the 
demand for crop residues and fallow grass by dairy farmers and hence encourage organic matter build-up in 
the soil. The project also encouraged crop-livestock interaction where manure was returned for forage and 
crop production.
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ROJECT IMPACT IN THE STUDY AREA P
Impact of Cassava Based Napier Grass Silage on On-Farm Milk Yield during the Dry Season: Farmer 
Experiences in Kwale and Kilifi Counties

The impact of using the cassava based Napier grass silage was narrated by Mama Grace Baya, a widow from 
Kakuyuni, Malindi with four children who maintains a Friesian crossbred cow. She fed cassava based Napier 
grass silage during the January-March 2014 dry season had this to say “My cow was producing 13 litres but 
it is now giving me 20 litres a day after feeding the cassava based Napier grass silage. My daily income has 
improved from KES 520 to 800 (market price of milk was KES 40 per litre). I can afford household requirement 
for food and also pay fees for my two school going children. When I run short of money, I do not fear taking 
credit from the shopkeeper since I am confident of getting money when I sell my milk”.

Plate 5.1 Mama Grace Baya of Kakuyuni Women Group explaining the impact of feeding Cassava based silage on milk 
production in 2014

Plate 5.2. Mama Nyevu Kitsao Thoya explaining the benefits after adopting Cassava based Napier grass silage technology. 

Mama Nyevu Kitsao Thoya, also a farmer from Malindi keeps a crossbred dairy cow who was a beneficiary of 
the on-farm cassava based Napier grass silage training had this to say “Before I started feeding silage, my cow 
was producing four litres of milk per day, but it is now producing 10 litres. My cow likes the silage so much 
and eats it very well. When I give the silage overnight, by morning, the udder is full and I am able to extract 
enough milk unlike before”. 
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Marieta Gona improved milk production from 6 litres to 10 litres in the introductory stage where she had done 
one silage pit .In the subsequent season, Marieta Gona made five silage pits and this is what she said about 
her dairy enterprise “I have been able to improve milk production from 12 to 20 litres per day and at the peak 
of dry season, while my neighbours stopped milking their cows due to lack of feed, I sustained milk yield from 
my cow at 18 litres. When my neighbour’s farm workers absconded duty because of being assigned impossible 
work of looking for non-existent forage, I comfortably opened the silo to feed my cows. At the local milk 
collection centre, daily collection declined from 300 litres to 30 litres a day and out of the 30 litres, 20 litres 
was my contribution. The improved milk yield has attracted the attention of milk processors such as Brookside 
dairies who are now helping us with marketing of our milk.”  

Mercylin Nyongoro of Mkenge women group had this to say “I used to get 3.5 litres per day from my cows 
prior to feeding the cassava based silage and now I am getting 10 litres in the morning and nine litres in 
the evening. The proceeds from the sale of milk has enabled me to educate my children. So far one child has 
completed form four, without which it would have been impossible. My cow likes the silage, it is good for milk 
production and I will continue making cassava based Napier grass silage for my animals”.

Farmers in the project areas were introduced to record keeping for their dairy enterprise to keep track of the 
daily yield and profit. Musa Ndaro of Matuga, Kwale County realized improved milk production per cow from 
5.5 litres to 9 litres, while Nzingo Chengo, a farmer from Kakuyuni improved from 8 litres to 20 litres a day. 
Participating farmers kept records in March to April 2014 prior to the field days for them to document the 
effect of feeding silage and be able to explain to the other farmers with evidence/confidence. The general trend 
in milk yield as a result of feeding cassava based Napier grass silage during the long dry period is illustrated 
in Figure 1)

 Figure 1: Participating Farmers’ Milk Production trend after feeding Cassava based Napier grass Silage during the 
dry season in 2014
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Improved milk yields from the area following implementation of cassava based Napier grass silage technology 
has attracted milk processors who are now organizing milk collection channels and providing ready market 
for milk produced. A farmers’ field day was organized in one of the cassava based Napier grass silage contact 
farmers in Tezo by Brookeside dairies on 27th March 2015 to sensitize farmers on clean milk production. 
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General lessons

1. Partnerships and team work are very important in project implementation. When roles are shared, the 
team members become accountable. The team members in this project were assigned roles in line with 
their strengths. 

2. The proposal should not be ‘cast on stone’ but should be flexible to accommodate real situations on 
farm. One of the groups in this project wanted to be trained on silage making a year earlier than what 
was proposed because they had the required material.

3. Timely disbursement of funds is crucial in projects that are climate dependent; not being able to plant 
during the long rainy season would mean a project delay of one year

4. Transparency and trust among the members is important to accommodate changes in the team; The PI 
and the MoLDF and HPI collaborators re located but the remaining members implemented the project 
successfully to the end.

5. Use of ICT to communicate should be included in the  project budget to ensure communication between 
the collaborators

6. Timely and detailed records of all the activities help in project documentation at the end:
a. Video recording in this project was used to document the success stories from farmers
b. The quarterly and annual reports, conference papers, back to office reports were used to compile 

the end of project report

Challenges/Lessons learnt in silage making

1. Silage making is labour intensive since most work was done manually due to lack of appropriate 
machinery.

2. Gender balance was not achieved since most farm workers were female while male were apparently 
attracted to off farm activities such as tourism industry.

3. Soils at the coast are mainly sandy; the sides of the pit silos would collapse often hence required re-
scooping and therefore increasing labour costs.

4. Light duty cassava chippers were not designed for heavy duty commercial use and therefore broke 
down frequently leading to high maintenance costs.

5. Farmers who had no chippers used pestle and mortar to grind cassava in silage making; need to 
accommodate farmer innovations and document them

6. Silage made in polythene bags might be more popular than pit silage which is labour intensive
7. Farmers can make a bag of silage within an hour and combine the activity with other duties in the 

household. The method is gender friendly i.e. women can integrate it within their many daily chores
8. Farmers learn better by doing and from each other than from an outsider
9. There is no synchronization in production/availability of the various components required for cassava 

based Napier grass silage which have different maturity periods after establishment. Maize is the first 
to mature after about 100 days and the maize bran can be stored because it is dry. Cassava is harvested 
at the onset of rains while Napier grass re-growth is expected six weeks after the on- set of rains. Use 
of fresh cassava leaves would require that they are harvested before the tubers are ready.

10. It is difficult to determine farmers’ expectations during collaborative project; some farmers expect 
material help which is short term compared to training.

ESSONS LEARNED AND CHALLENGESL
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Pasture grasses are the main sources of feed for livestock in the study areas. Legume forages like gliricidia, 
leucaena, clitoria and mucuna which are a high in protein and have been recommended in past projects are 
hardly used. Although 46% of the respondents indicated that they conserved feeds only one farmer conserved 
silage. The main reason for not making silage was lack of knowledge but low adoption of Napier grass is 
 also likely to be a major constraint. The recommended silage making technology is based on Napier grass 
which is grown on small acreages and therefore not enough for ensiling. Use of Napier grass/cassava leaves 
and tubers in silage making was shown to be an alternative to the conventional silage made from Napier 
grass/gliricidia and maize bran. The maize/cassava intercropping system can contribute to dry season dairy feeding. 
Silage made in small quantities in polythene bags is likely to be more favourable in smallholder farms. Silage made 
in pits requires concerted efforts of a group where machinery is not available for chopping and compacting the 
material. Farmers who fed their cows on silage showed that it can sustain or increase milk production during 
the dry season. The intercropping study showed that a well-planned farm of about one hectare can sustain the 
food needs of a family of 10 people and a dairy enterprise with about three cows. Sale of milk and cassava tubers
could contribute to increased farm income.

ONCLUSIONSC
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There is need for further research on the economic viability of dairy farming in coastal Kenya. Farmers should 
be further sensitized on all the economic benefits of dairying including use of manure, sale of male calves and 
excess heifers. They should also be sensitized on the social capital of dairy for them to see the need to improve 
on dairy feeding. There is need to work closely with dairy processors to open up milk marketing channels that 
are favourable to the farmers. When farmers see the economic benefits of the enterprise forage conservation 
will be easily adopted.

ECOMMENDATIONSR
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NNEXA
Logical Frame Work

Summary of Objectives and 
activities

Objective 
verifiable 
indicators 

Means of 
verification 

Important assumptions

Overall goals:

To contribute to enhanced 
sustainable productivity and 
competitiveness of the dairy sub 
sector and improved household 
incomes

Indicators for 
Goals:

Milk production 
in coastal Kenya 
increased by 
20% during the 
dry season by 
2020

Data sources for 
goals’ indicator:

Ministry of 
Livestock 
development annual 
report
KNBS reports

roject purpose:
To enhance capacity of farmers to 
utilise  and commercialise cassava 
based silage

Indicator for 
purpose:
At least 500 
farmers trained 
on silage 
making by 2014

Data sources for 
purpose indicator:
-Project progress 
reports 
MoLD and MoA 
annual reports

Assumptions for the goals:
-Climatic conditions will 
be favourable
-Technology will be 
adopted by non project 
farmers
-Farmers keeping 
appropriate dairy breeds 
that will respond to 
improved feeding
-Timely flow of project 
funds

Outputs/Results: Output 
indicators

Data sources for 
output indicators

Assumptions for the 
outputs/Results

Output 1
The status of dairy feeding and 
silage conservation established in 
the study sites in Kwale, Kilifi and 
Malindi by 2012

Documents on 
the dairy feed 
status and use 
of silage in 
Kwale, Kilifi 
and Malindi 
prepared by 
December 2012

Centre Technical 
report and 2012 
Annual report 

-Farmers will provide 
accurate information
-Existence of a strong 
project team

Output 2
The quality of Napier grass grass/
cassava silage determined by 2012

Documents with 
information 
on nutrient 
composition 
of silage made 
from Napier 
grass grass 
supplemented 
with cassava 
leaves prepared 
by July 2012

Laboratory analysis 
report
Centre Technical 
report, Centre 
quarterly  report 

Favourable weather for 
growing Napier grass 
grass and cassava
-Laboratory analysis 
results will be released on 
time

Output 3
The effect of Napier grass grass/
cassava silage on milk production 
in the dry season determined by 
2013

Documents of 
data and results 
from the feeding 
experiment  
available by 
June 2013

Excel worksheets of 
experimental data,
Centre quarterly  
report 

No notifiable disease 
outbreak before and during 
the experimental period
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Output 4
Skills and knowledge of 
farmers on cassava based 
silage conservation, use and 
commercialization enhanced by 
2014

-A list of 
training 
participants 
available by 
June 2014
-Attendance lists 
for the farmer 
field days 
available by 
June 2014

-training report Farmers will be willing to 
participate in the training 
and attend field days

Output 5
Technological information 
developed and partnerships with 
five institutions strengthened by 
2014

At least eight 
packages 
of technical 
information on 
cassava based 
silage compiled 
by June 2014
-Lists of 
attendance in 
quarterly and 
annual review 
meetings

-two leaflets, one 
booklet and video
-three conference/ 
journal publications
-PhD thesis
-minutes of quarterly 
and  annual review 
meetings

-Favourable weather 
conditions for crop and 
forage production will 
prevail 
-Partner institutions will 
be willing to participate in 
the project
-Results from the studies 
will be worth sharing
-Stakeholders willing to 
form partnership 

Activities: Inputs/Costs: Activity Milestones Assumptions 
for outputs:

1.1 Situational analysis in study sites 

 

Fuels, oils, 
subsistence, 
transport, stationery, 
weighing balances, 
girth tapes, Ksh. 
522,120

Project sites identified 
by March 2012

Funds will be 
released by 
March 2012

Survey conducted and 
results documented by 
September 2012

 

1.2 Data collection on feed resources Fuels, oils, 
subsistence, 
transport, stationery, 
data collectors

Available feed 
resources during 
dry and wet seasons 
established by October 
2012

Funds will be 
released by 
March 2012

 Ksh.347,760   
1.3 Collection of feed samples Fuels, oils, 

subsistence, 
transport, stationery, 
nutrient analysis

Feed samples 
collected and analysed 
by October 2012

Long rains will 
be adequate 
for plant 
establishment 
and growth, 

 Ksh.603,050   
    
2.1 Make small quantities of silage Polythene bags, 

Napier grass grass, 
gliricidia, cassava, 
maize bran, rubber 
bands, weighing 
scales, labour, 
stationery

Small quantities 
ensiled by January 
2012

Long rains will 
be adequate 
for forage 
and cassava 
production, 
maize bran will 
be available in 
the market 

 Ksh.12,400   



��

2.2 Nutrient analysis

 

Sample preparations, 
nutrient analysis 
charges, fuels, 
oils, subsistence, 
transport

Ksh.161,160

Nutrient analysis of 
silage samples by 
March 2012

Long rains will 
be adequate

Data collected and 
analysed by May  
2012

 

2.3  Data collection on feed resources 
and feed samples

Data collection on 
feed resources 

Fuels, oils, 
subsistence, 
transport, stationery, 
weighing balances 
Ksh326,800

Data collected and 
analysed by May 2012

2.4 Nutrient analysis of on farm feed 
samples

Fuels, oils, 
subsistence, 
transport, stationery, 
weighing balances 
Ksh 276,250

Data collected and 
analysed by October  
2012

3.1 Establish 2 ha. of Napier grass grass 
/ gliricidia on station

Planting material, 
fertilizer (DAP, 
CAN), labour, farm 
tools, tractor, fuels, 
oils 

Ksh. 248,000

Planting of Napier 
grass grass and 
gliricidia on farm done 
by May 2012

Long rains will 
be adequate

3.2 Establish 2ha of cassava and maize 
on station

Planting material, 
fertilizer (DAP, 
CAN), labour, farm 
tools, tractor, fuels, 
oils 

Ksh. 274,700

Planting of cassava 
and maize done by 
May 2012

Long rains will 
be adequate

3.3      Establish Napier grass grass/
gliricidia and cassava on-farm (0.4 
ha) on two sites for each of the three 
Districts

Planting material, 
fertilizer (DAP, 
CAN), transport, 
subsistence Ksh. 
316,000

Planting of Napier 
grass grass and 
gliricidia on farm done 
by May 2012 

Long rains will 
be adequate

3.4 Ensile large quantities for on - 
station livestock feeding experiment

Polythene bags, 
gliricidia and 
cassava leaves, 
maize bran, fuels 
oils for the tractor, 
compacting 
machine, labour, 
renovation of storage 
facilities, sampling 
bags, chaff cutter, 
manual compressor 
Ksh.660,410

2500 x 50kg poly 
bags of Napier grass/
gliricidia/cassava 
silage made by 
September 2012

There will 
be adequate 
forage 
materials for 
silage making
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  3.5 Feeding experiment 24 cows in early 
lactation, animal 
stalls, Napier grass 
grass and gliricidia 
forage, maize 
bran, five silage 
mixtures, labour, 
milking buckets, 
weighing scale, 
antibiotics, mineral 
supplements, lab 
reagents, fuels, 
oils, subsistence, 
transport, sampling 
bags and buckets, 
stationery 
Ksh.405,270

Best Silage  
combination package 
identified byApril 
2013  

There will be 
no outbreak 
of notifiable 
diseases

    3.6 Cost and benefit analysis Computer, 
stationary, silage 
production, cost 
of inputs and milk 
production data, 
consultancy 

Ksh. 70,000

 cost benefit analysis 
of producing 50kg 
Napier grass/
cassava based silage 
determined by June 
2013

There will 
be adequate 
data to do the 
analysis

4.1 Select participating farmers in study 
area

Fuels, oils, 
subsistence, 
transport 
Ksh.212,000

Six CBO in three 
Districts identified by 
March 2012

Farmers will 
be willing to 
participate

4.2 Farmer/stakeholders sensitization 
tour on silage making and sale at the 
centre

Fuels, oils, 
subsistence, Fare 
refunds, stationery, 
training materials 

Ksh. 122,760

At least 25 
stakeholders from 
the project districts 
sensitised on Napier 
grass cassava based 
silage making by 
February 2013

 

     4.3 Train farmer groups on Silage 
making and entrepreneurship on farm

Fuel, subsistence, 
transport, stationery, 
training materials 

Ksh. 1,414,300

Six CBOs trained on 
silage making and 
entreneurship by 
September 2013

Farmers will 
be willing to 
make silage

  4.4 Field days/farmer exchange visits Fuels, oils, 
subsistence, 
transport, 
stationery, airtime, 
advertisements, hire 
of public address 
systems and tents 
Ksh.913,640

Six field days and six  
exchange  visits made  
by March  2014

Farmers will 
be willing to 
participate

5.1 Yearly planning meetings of project 
implementation team

Fuels, oils, 
subsistence, 
transport, stationery, 
LCD projector, 
Video camera, 
printer/scanner/
copier Ksh. 787,100

Three meetings held 
by March 2012, 
January 2013 & 2014
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5.2 Hold half yearly monitoring and 
evaluation meetings 

Transport, fuel, 
subsistence, 
stationery 
Ksh.126,000

Meetings held by  July 
2012 & January and 
July 2013 and January 
2014

 

5.3 Write shop Ksh. 474,700 Technological 
information from the 
project is compiled 
and documented by 
July 2014

 

5.4 Publish technological information 
from the project in extension material 
(video, leaflets, booklets)  

Stationery, computer 
accessories, ICT 
charges, publishing 
charges Ksh. 
156,000

Extension materials 
developed by  August 
2014

There will 
be sufficient 
information 
to synthesize 
into extension 
publications

5.5 Participation in KARI conference 
(2012)

Conference 
registration, 
preparation of 
materials, fuels, 
oils, subsistence, 
transport 
Ksh.178,000

Conference papers 
written and presented 
by November 2012 
and 

 

5.6 Participation in conference (2014) Conference 
registration, 
preparation of 
materials, fuels, 
oils, subsistence, 
transport 
Ksh.178,000

 Conference papers 
written and presented 
by November 2014

 

5.7 Prepare draft publications 
(documentary)

Fuels, oils, 
subsistence, 
transport, stationery, 
ICT consultancy 
services, Ksh. 
109,700

Documentary ready by 
July 2014

 

 5.8 End of project workshop Fuels, oils, 
subsistence, 
transport, stationery 

Ksh. 317,700

Information generated 
from project shared 
with stakeholders by 
December 2014

 

   Preconditions
 

 

 1. Dairy 
continues to 
be a priority 
enterprise in 
coastal Kenya 
fetching high 
milk prices

 

 

 2. The new 
cassava 
varieties do 
not succumb 
to diseases 
resulting into 
low yields
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