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ABSTRACT

Promoting the adoption of improved forage legumes among dairy farmers is pertinent to improving
protein intake by the animals and hence increasing dairy productivity. This study characterized dairy
forage technologies, assessed the factors influencing the adoption of improved forage technologies and
established their effects on household income. The study adopted a cross-sectional survey design and
a multistage sampling technique for the 282 dairy farmers. Data was collected using both structured
and semi-structured questionnaires. The factors influencing the adoption of improved forage
technologies was analyzed using Multivariate probit. The effects of improved forage technologies on
household income was analyzed using the endogenous treatment regression model.

The results show that 11 percent, 5 percent, 6 percent and 8 percent of farmers adopted the four
technologies of desmodium, lucerne, sesbania sesban and calliandra respectively. The multivariate
probit results showed that membership in dairy cooperative, years of schooling, distance to market,
gender, experience, farm size, extension services, perceived benefit of the technology, breed type and
the number of lactating cows significantly influenced adoption of improved forage technologies. The
endogenous treatment regression model results show that adopting improved forage technologies
increased household income. It was concluded that the adoption of improved forage technologies has
an impact on household income and the adoption of forage legumes was still low. The study
recommends that government and policy makers should come up with ways to encourage adoption of
forage legumes, mainly fodder trees such as organizing field days, establishment of demonstration
fields and research stations, training centers for forage training and encourage more farmers to join
dairy cooperatives.

Keywords: Improved forage technologies, smallholder dairy farmers and Household Income.
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CHAPTER ONE
INTRODUCTION

1.1. Background of the Study

The demand for dairy products in developing countries is projected to double by 2050 (Paul et al.,
2020), as a result of this increase in demand, dairy farmers are required to embrace balanced
feeding to increase dairy productivity (SNV, 2013; Vernooij, 2016). Forages are the foundation of
the livestock industry across the world (Njarui et al., 2017), thus, using forage legumes such as

lucerne and desmodium together with nappier and hay can improve dairy productivity.

In Kenya, dairy farming is mainly concentrated in the Kenyan Highlands and the Southern Rift
Valley area due to the favorable rainfall. In the Southern Rift Valley, all the grazing systems are
practiced. These grazing systems are characterized by feeding of concentrates and forages such as
napier grass, forage legumes, hay, silage and grazing on naturally grown forages. It is an essential
subsector of the Kenyan economy because it contributes 14% to Kenya’s agricultural gross
domestic product (GDP) (Tegemeo, 2021). Dairy farming is an essential source of livelihood for
more than 750 million resource-poor farmers in developing countries (Maleko et al., 2016). It is
of paramount importance to improve the performance and productivity of the animals through

enhanced forage technologies in order to meet the global demand for milk and reduce hunger.

Milk production in Kenya has increased in recent years from 3.5 million tons in 2017 to 3.9 million
tons in 2019 (FAO, 2021). This trend was due to a rise in dairy cow’s head, but productivity per
cow is still low (FAO, 2018; Auma et al., 2018). The average milk production per cow in Kenya
is estimated to be between 6 to 8 liters per cow per day (Muraya et al., 2018). This is low compared
to other Countries like Israel, with an average of over 40 liters per cow per day. In order to increase
dairy productivity, there is need to increase the use of quality forages (FAO, 2012; Gebreselassie,
2019). Ensuring the correct feeding of dairy cattle with forages rich in protein would increase milk

production.



Despite the huge contribution of improved forage technologies to dairy productivity, their adoption
is still low among dairy farmers in Kenya (Creamers & Aranquiz, 2019). According to Paul et al.
(2020), adoption of improved forage technologies in East Africa is still limited and at crossroad.
Similarly, Njarui et al. (2016) observed that over 80% of farmers used maize stoves, which are
low in nutritional value to feed their dairy cows, especially in the dry season. This practice has
made milk production inconsistent and below its potential yield, especially in the dry season when

feeds are scarce (Auma et al., 2016).

The challenges of increasing the adoption of improved forage technologies among smallholder
dairy farmers in East Africa, include lack of knowledge on forage production and establishment,
high cost of planting materials, low investment, lack of support, dwindling land sizes, poor
extension services, shortage of forage seeds and decreasing land size (SNV, 2013, Tegemeo, 2016;
Salo et al., 2017; Paul et al., 2020). This has forced smallholder dairy farmers to rely on cheap,
easily accessible, low quality feeds such as maize stoves to feed their livestock (Herrero et al.,
2013). Furthermore, the sector is dominated by smallholder farmers who have limited land, are
illiterate, lacks capital, and knowledge due to inadequate training (Salo et al., 2017; Ahmed &
Mesfin, 2017; Bosire, et al., 2019). These smallholder dairy farmers however, contribute about
80% of total milk production (Auma et al., 2016). This makes the sector critical in improving the
livelihood of rural people thus, coming up with innovative approaches to overcome the challenges
of access to quality forages is of paramount importance in improving dairy productivity and

profitability (Ngeno, 2018; Paul et al., 2020).

Adoption of improved forage technologies refers to the used of various quality feeds, such as
improved napier grass, which has a high leaf-to-stem ratio and thus higher nutritional value, forage
legumes such as desmodium, lucerne and fodder trees. These are considered to have a high dietary

value sufficient to provide the energy and protein required by a dairy cow. A farmer is deemed to



be an adopter if he engages in the production of at least one of the improved forage technologies

namely; lucerne, desmodium, sesbania sesban and calliandra.

In East Africa, most farmers use improved forage legumes alongside local forages. Most legumes
serve many purposes such as food, soil erosion control, cover crop, firewood, improving soil
fertility through nitrogen fixation and feeds for livestocks (Muoni et al., 2019). In the face of
growing extreme weather conditions, researchers and development partners have developed and
promoted various forage legumes and in particular, fodder trees because they are drought tolerant
and are vital source of crude protein (Franzel et al., 2014). There is limited information on the
adoption rate of these forage legumes and their effects on household income is not known. There
is therefore need to generate more information on the adoption of forage legumes among dairy

farmers in Kenya in order to formulate policies for increasing dairy productivity.

1.2. Statement of the Research Problem

Studies have identified unbalance diet and feed shortages as some of the major factors limiting
dairy productivity in Kenya (ILRI, 2017; Kilelu et al., 2018). Adoption of improved forage
legumes such as desmodium, lucerne and fodder trees can increase dairy productivity. These
Forage legumes were introduced in 2012 to dairy farmers by Kenya agricultural research institute
because they are an alternative source of protein, are fast growing, and tolerant to harsh climate.
These forage legumes are also an important source of nitrogen fixation in the soil leading to soil
fertility (Kebede et al., 2016). The adoption of forage legumes however, is still low (Creamers &
Aranquiz, 2019). According to Wairimu et al. (2021), the majority of farmers still graze their dairy
cows on natural grass in Bomet. This has made it difficult to increase milk productivity because

of lack of a balanced diet and the use of low-quality feeds.

Although research has been conducted on the adoption of improved forage technologies (IFTs)

(Mainaetal., 2020; Makau et al., 2020; Paul et al., 2020), the adoption of improved forage legumes

3



such as lucerne and desmodium, which can be used as animal supplements due to their high crude
protein content, is still limited. Previous studies, for example (Njarui et al., 2017; Maina et al.,
2020), have focused less on forage legumes but have documented much on the adoption of nappier
and brachiaria grass which are energy-rich forages. There is also limited information on the effect
of these improved forage legume technologies on welfare indicators such as household income.

This study makes an attempt to fill this knowledge gap.

1.3. Purpose of the Study

To assess the adoption of improved forage technologies (IFTs) and its effect on household income
in Bomet County, Kenya.

1.4 Objectives of the Study

a) To characterize dairy forage technologies practiced by dairy farmers.
b) To analyze factors that affect the adoption of improved forage technologies.
c) To assess the effect of adopting improved forage technologies on household income.

1.5. Hypotheses

a) Socio-economic and institutional factors do not affect the adoption of improved forage
technologies.

b) Adopting improved forage technologies does not affect dairy farmers' household income.

1.6. Justification of the Study

Livestock is a source of livelihood for many people (Baltenweck et al., 2018), so increasing their
productivity through proper animal nutrition could be a sure way out of poverty. Findings on the
characterization of dairy forage technologies will fit into the Bomet County Integrated
Development Plan (CIDP), where one strategy aims to diversify farming enterprises and
technologies (CIDP, 2018-2022). Findings on the constraints to forage and milk production will

help the County government and development partners like the Africa milk project to draw



practical solutions to reduce limitations to forage and milk production in Bomet County.
Furthermore, assessing factors that hinder the adoption of improved forages will help government,
researchers, and NGOs to develop innovative ways to reduce barriers of access to quality feeds.
Increasing access to quality feeds such as improved forage legumes will help increase dairy
productivity. This will contribute to SDG 2 of zero hunger and the African milk technical dairy

innovation platforms.

Furthermore, milk is the second highest income earner in Bomet county after tea (MOALF, 2014).
The effect of improved forage technologies on household income would help motivate farmers to
scale up the adoption of improved forage technologies if they realized that it actually increased
milk production. This is because many dairy farmers lack knowledge on the importance and the
change, which the use of improved forages can bring to their income. Encouraging the adoption
of improved forage legumes like lucerne and fodder trees can be a sure way to end hunger, reduce
poverty and will therefore, contribute to Kenya’s achievement of Big Four Agenda and the SDG

number one on ending poverty.



CHAPTER TWO
LITERATURE REVIEW
2.0. Global Dairy Industry

World milk production stood at 930 million tonnes representing a 0.6 % increase from 2021 (FAO,
2022), driven by the rise in milk production from Asia and a small increase gained from Central
America and the Caribbean. Cow’s milk is the leading liquid milk produced worldwide, standing
at 81%, buffalo milk at 15% and goat milk at 4% (OECD-FAOQ, 2020). India is the leading producer
of milk in the world, at 1083 million tonnes (figure 2.1). In the European Union, milk output
dropped because of dry weather, high input cost and fuel. In the Russian federation however, milk
output increased by 2.2 percent attributed to government support and investment in profitable large
modern dairy farms, (FAO, 2022). Milk output in Africa was estimated at 51 million tonnes in
2022, a 0.5 percent decrease because of an anticipated decline in milk production from South
Africa, Ethiopia and Kenya attributed to bad weather, high input cost among others (FAO, 2022).
South Africa and Kenya are the two major countries that produce enough milk for domestic and

export in Africa.

Kenya’s dairy sub-sector accounts for 14% to Kenya’s agricultural gross domestic product (GDP)
(Tegemeo, 2021). It is an essential source of livelihood for rural people since they are the primary
milk producers, supplying about 80% (Auma et al., 2016; Odero-Waitituh, 2017). Despite being
the major producers in the Kenyan dairy industry, small-scale dairy farmers face challenges such
as bad weather, lack of knowledge and proper training in dairy production technologies, illiteracy,
and dwindling land sizes (Tegemeo, 2016; Ahmed & Mesfin, 2017). Kenya, for instance, reported
low milk collection in 2019 due to declined rains that led to poor pastures and the high cost of
animal feeds (FAO, 2020). Despite the many problems faced, milk production is projected to

increase by 5% annually in the following decades, which will be driven by growing export



potential to neighboring countries, the emergence of the middle class, and increased urbanization

(Rademaker et al., 2016; MOALF, 2019).
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Figure 2.1: Milk Production (in tonnes) among the Leading Milk Producer Countries for
2021

2.1. Review of Availability of Feed and Forage Resources in Kenya

An adequate and balanced diet is paramount for body condition maintenance, milk production,
growth, and fertility. The use of concentrates such as dairy meal is still not impressive, standing at
50% and sometimes less (SNV, 2013). As a result of this, milk production is still below the genetic
potential of most lactating cows (ILRI, 2018). Factors limiting milk production include unbalanced
diets, seasonal fodder shortages, unavailability of improved fodder seeds, lack of adequate storage

facilities, and low skill levels required for fodder production (ILRI, 2017; Kilelu et al., 2018).

The most common forage species used in zero and semi-zero grazing systems in Kenya include

napier grass (pennisetum purpureum), maize (zea mays), and lucerne (medicago sativa) (Creemers
7



& Aranquiz, 2019). Stall feeding, characterized by cut and carry of forage species such as maize,
brachiaria grass supplemented with concentrates, is the common feeding system used in this
farming system (Njarui et al. 2016). There is a growing demand for forages in Kenya which has
led to the emergence of commercial forage producers, and also attracted entrepreneurial
businessmen and women who want to take advantage of the growing opportunities in the
sophisticated dairy supply chain, such as feed milling and other services (Kilelu, 2018; Creemers
&Aranquiz, 2019). Feeding is essential in milk production, as a result government, researchers,
and research institutions have developed and encouraged the adoption of improved forage
technologies such as lucerne, fodder trees, and brachiaria grass to increase milk production.
Therefore, this study focused on adoption of quality forage legumes such as lucerne, desmodium,

and fodder trees (sesbania sesban and calliandra) and its effect on household income.

2.2. Link between Improved Forage Technologies and Household Welfare

The use of quality and adequate balance feed for dairy cows is critical for milk production (FAO,
2012; Franzel et al., 2014; Paul et al., 2020; Makau et al., 2020). Milk yield and composition are
highly determined by genetic makeup, nutrition, and management. Improvement in genetics
through good breeding influence milk production by 30 percent, while cow’s nutrition and
management determine 70 percent of milk production and composition. Thus, improving the
adoption of forage technologies provides dairy farmers with adequate and quality feeds, which is
a significant pathway for poverty reduction and food security. Kashongwe et al. (2017), studied
the impacts of feeding practices by smallholder farmers on milk production in both peri-urban and
rural settings. He found that feeding strategies are linked to high milk production of at least 10
liters per cow per day. Auldist et al. (2013), noted that energetic ration feeds that contain alfalfa
hay, corn silage, and corn grain lead to more significant responses in terms of yield of milk fat and

marginal milk production.



Franzel et al. (2014), found that fodder trees increased income of farmers who used them as an
alternative source of protein to increase milk production. Kebebe (2017), assessed the impact of
adopting improved forage technologies on nutrition and income. On the part of income, he did find
that adoption of enhanced forages increase household income by US$ 217 (21700 kshs) for
adopters and US$ 63 for non-adopters. A study by Makau et al. (2020), sought to determine the
association between diet supplementation with fodder trees and milk production found that a 1kg
increase in fodder trees fed to dairy cows per day increases milk production. FAO (2012), observed
that appropriate and balanced diets helps in increasing milk production and reduced the daily cost
of feeding dairy animals. Similarly, Franzel et al. (2014), noted that fodder trees are important

feeds for animals as they require less capital and labor, less land, and are easy to grow.

Adoption of improved forage technologies is linked to increased milk production (Ndah et al.,
2017). Thus, increased milk production will likely increase household income through the sale of
milk. Previous research conducted in Cambodia, Kenya, Vietnam and China reported the financial
benefits of using improved forage technologies (Macleod et al., 2015; Ashley et al., 2018; Maina
et al., 2020). The cost of feeds represents 80% of the total cost. Therefore, expensive feeds and the
lack of adequate feeds are what hinders dairy productivity in Kenya. Increasing the adoption of
improved forage technologies and encouraging own feed formulation would reduce costs and
increase household income (Tegemeo, 2016; Lukuyu et al., 2019). These studies show an existing

association between improved forage technologies, milk production, and household income.



2.3. Review of the Empirical Literature
2.3.1 Factors Influencing Adoption of Improved Forage Technologies

Adoption of improved forage technologies is central to increasing milk productivity (FAO, 2012).
Previous studies have explored adoption of improved forage technologies (Turinawe et al., 2012;
Njarui et al., 2017; Ndah et al., 2017; Gebreselassie., 2019; Maina et al., 2020; Balehegn et al.,
2020). These researchers used models such as logit and probit, tobit, double hurdle, multinomial
logit and probit to model adoption decisions. They identified socioeconomic and institutional
factors such as access to extension, perceived benefits of technology, group membership, farm
size, and land tenure to be the factors that significantly influence the adoption of improved forages.
Adoption is still low because of dwindling land sizes, poor extension, and shortage of forage seeds

(Salo et al., 2017).

A study by Maina et al. (2020) on ‘Socio-economic factors and impacts of the adoption of
brachiaria grass’ in Kenya using the propensity score matching method found that brachiaria grass
leads to an increase in milk production and adoption is influenced by the type of breed kept by the
farmer, benefit derived from using technology, extension services, and membership in the farmer
groups. Brachiaria grass however, is an energy-rich forage. There is limited information on
adoption of improved legumes, which are high in crude protein critical for normal growth and
body maintenance. This study focused on forage legumes such as lucerne, desmodium and fodder

trees, which are rich in protein.

Njarui et al. (2017) ‘assessed factors that influence the adoption of forages in smallholder farming
system’ in Kenya using logistic regression and a sample size of 786 farmers. The study revealed
that factors such as experience in livestock farming and education positively influence the adoption
of forages. Distance to the urban market, farm size, and household size negatively affect the
adoption of forages. The model used does not consider the possibility of simultaneous adoption of

forages. Some technologies offer greater benefit when they are used together. Therefore, the
10



researcher may have over and underestimated the results, thus yielding biased and inconsistent

estimates. This study employed multivariate probit to account for simultaneity in decision making.

A study by Teklay & Teklay (2015) on ‘Factors that influence the adoption of improved forage
production’ in Ethiopia using logistic regression and a sample size of 56 farmers revealed that age,
education and land tenure do not affect the extent of adoption of forages while membership in
collective action, labor constraint, and rate of extension services significantly and positively affect
forage production. The study by Teklay & Teklay (2015) was however, based on a small sample
size. When the sample size is small, the margin of error increases. The results generated may have
been due to chance and therefore, it makes the result less conclusive. This study attempts to

generate appropriate sample size in order to make the results more conclusive.

Gebreselassie (2019) while studying ‘determinants for adoption of improved forages’ in Ethiopia
found that acceptance level and use of quality forages is influenced by factors such as ‘land
scarcity, lack of forage seed and planting materials, lack of awareness, lack of capital, and poor
extension services influence acceptance and use of quality forages in Ethiopia.” The study
recommended incorporating improved crops, soil, and water conservation technologies to increase
access to forage seeds and create awareness to encourage mass adoption. The conclusions
however, were based on the author’s intuition which is prone to error. This study employed an

econometric model to draw an objective decision.

Balehegan et al. (2020) reviewed ‘biophysical, socio-economic, and technological challenges
hindering adoption of technologies and policies to increased access to quantity and quality feeds’
in low and middle-income countries. The study recommended implementation of strategies to
improve the supply of quality feeds. Based on the past empirical studies in Sub-Saharan Africa
and Tanzania in particular, Ndah et al. (2017) found that the adoption rate of improved forage

technologies is still low. Factors such as improved forages' ecological benefit and institutions'
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nature positively influence adoption. Similarly, Bashe et al. (2018) assessed the determinants and
influence of improved forage technology in Ethiopia. These factors however, are not location-
specific. Ecological factors such as soil, light and temperature differ in Ethiopia and Kenya.
Furthermore, the policy environment is different in Ethiopia and Kenya, therefore, this study
assessed the current factors affecting access to improved forage technologies in Bomet County,
Kenya.

2.3.2. Improved Forage Technologies and Household Income

Improved forage technologies are associated with higher milk yields and increased income for the
farmers (Kebebe, 2017). Livestock acts as a source of financial security for rural farmers thus,
improving dairy productivity through improved forage technologies could increase household
income (Baltenweck et al., 2020). Ashley et al. (2014) studied the ‘socioeconomic impact of
improved forage availability on cattle production systems’ using a case study of 120 cattle farmers.
The study found that improved forage availability increases annual income for cattle farmers. The
study only focused on beef cattle. Beef cattle do not require the same amount of feeds as dairy
cattle. Dairy cows for example, require a higher amount of calcium than beef cattle. Another
weakness of the study is that since it was based on the case study approach, it may not have

represented the whole cattle population.

Ashley et al. (2018) examined the socio-economic ‘impact of forage technology adoption by
smallholder cattle farmers in Cambodia’ using partial budget analysis and Monte carlo simulation.
The study found that adoption of forage technology leads to increased household income. The
study focused on rice straw, cut and grass, grazing on native grass, grazing on native pastures,
crops by-products and crop residues as the forage technologies. This current study however,
focused on fodder trees among other improved forage legumes to assess their effects on household

income. With the advance of extreme weather such as drought, fodder trees offer cheap alternative
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source of crude protein because they are a rich source of crude protein, fast growing and tolerant

to drought and hence can provide feeds throughout the year.

Kebebe (2017), examined the ‘nutritional and income impact of using dairy technologies in a
mixed crop-livestock production system in Ethiopia’ using propensity score matching. The study
found that improved dairy technologies such as crossbreed dairy cows and improved forage
positively impacts household income. The propensity score matching however, does not account
for endogeneity from unobserved characteristic. The current study used an endogenous treatment

regression model to account for both observed and unobserved characteristics.

2.4. Review of Economic Models on Technology Adoption

Since smallholder farmers are rational economic agents, adoption of agricultural technologies
happens when the maximum returns from using the technology are greater. Several studies have
used different models to assess determinants of technology adoption among farmers. In this regard
(Ayuya et al., 2012, Danson-Abbeam et al., 2017 ; Nguyen-Van et al., 2017) used multinomial
logit. Eakins (2016) used the double hurdle model. (Ogada et al., 2014; Thuo et al., 2014; Kansiime
et al., 2014) used multinomial probit. Adoption of some of these technologies involves two stages;
the first stage represents factors influencing adoption and the second stage is the level of adoption
(Eakins, 2016). When there are more than three variables in a decision, polychotomous models

such as multinomial logit and probit are used (Ayuya et al., 2012).

In this study, multinomial logit and probit are appropriate since the dependent variable has more
than two categories: desmodium, lucerne, sesbania sesban and calliandra. The problem with
multinomial logit and probit, on the other hand, is that it assumes that all choices are uncorrelated
or independent (Kanyenji et al., 2020). A farmer sometime adopts multiple technologies at once
to deal with the many problems facing them (Teklewold et al., 2013). Multivariate probit was used

in this study. Multivariate probit is appropriate in cases where the decision to adopt has correlated
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outcomes (Greene, 2002). In previous studies, a multivariate probit has been used (Gesare et al.,
2013; Yirga et al., 2015; Donkoh et al., 2019 and Benimana et al., 2021) to account for potential

correlation and simultaneous adoption of multiple technologies.

2.5. Theories Underpinning the Concept of Adoption

The main theories used in understanding the concept of agricultural technology adoption are
expected utility theory, diffusion innovation theory, household production theory and random
utility theory.
The expected utility theory was developed by Bernoulli in the 18" century. It was used in the
analysis of decision making under uncertainty (Jversky, 1975). Here the decision maker chooses
between uncertain prospects by comparing their expected utility values that is the weighted sums
obtained by adding the utility values of outcomes multiplied by their respective probabilities
(Moscati, 2016). Consider for example, a prospect (Z) with prices x;, x,,.. x, and probabilities
1,7, ... TT,. The expected value is given as the weighted sum of the prices where weights are the
respective probabilities.
E(z) =myxy + myxa+. o X,

=yt mx;where YL ;=1
Where (Z) represents adoption of improved forage technologies
Random Utility Theory
In random utility theory, utility is the driving factor. Therefore, an individual is likely to choose a
given alternative based on the utility he/she derives from it. Random utility theory simulates the
choice of a decision maker from a set of alternatives that maximize his or her utility (Cascetta &

Papola, 2001).

According to cascetta (2009), the random utility model is based on the following assumptions;
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a) An individual chooses from a set of mutually exclusive alternatives
b) The decision maker assigns each alternative a perceived utility and selects an alternative,
which gives him/her maximum satisfaction.
c) The utility assigned to each choice depends on observable characteristics such as; age,
education etc.
d) Utility is not known with certainty.
Adoption of random utility model for this study is advantageous because it captures the strength
of preference (Alos-Ferrer & Garagnani, 2019). The choice of adopting improved forage
technologies affects vaious farm outcomes such as milk production, food security status of

participating farmers and household income.
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CHAPTER THREE
RESEARCH METHODOLOGY
3.1. Conceptual Framework

In Figure 3.1, various socio-economic factors such as age, education levels, gender, farm size
among others are believed to play a crucial role in improving the adoption of improved forage
technologies. SNV (2013), noted that dwindling land sizes, poverty, and lack of skills due to poor
education are some of the factors constraining adoption of improved forage technologies among
smallholder dairy farmers in Kenya. Strengthening socio-economic factors will ensure quick and
easy adoption of these technologies. The institutional and technological factors include
membership in cooperatives, access to credit, perceived benefits of the technology, and access to
extension, among others. Some of these factors such as membership in cooperatives provide credit,
training and facilitate linkage with extension services (Abate et al., 2014). Access to extension
services is believed to equip farmers with crucial knowledge and skills. Therefore, improving
access to these factors can facilitate the adoption of improved forage technologies. Adoption of
improved forage technologies is anticipated to increase milk productivity and household income
through milk sales. This is because using quality and adequate feeds increases milk production

(FAO, 2012).
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Scio-economic factors Adoption of improved forage
technologies

- Age
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Institutional and
Technological Factors
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v

Outcome Variables

- Increased household income
through milk sale

Figure 3. 1: lllustration of the Link Between Improved Forage Technologies and
Household Income

Source: Author’s Conceptualization

3.2. Study Area

This study was carried out in Bomet county, located in the Rift VValley region of Kenya. It has a
geographical area of 2,530.9 km? and a total population of 875,689 (434,287 males and 441,379
females) and a population density of 346 per square kilometer (KNBS, 2019). Rainfall is highest
in the lower highland zone with annual rainfall of 2000mm to 1400mm followed by midland and
upper midland. Upper midland zone receives relatively low rainfall among the three zones. Bomet
comprises five sub-counties: Bomet central, Bomet East, Chepalungu, Sotik, and Konoin. Out of

five sub-counties, this study focused on two Sub-counties; Sotik and Chepalungu, the Africa milk
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project focused areas. Bomet is a multi-ethnic county with Kipsigis sub-tribe of the Kalenjin tribe

being the largest tribe.

Sotik Sub County is a hilly place with agriculture as the main economic activity. It has a total
population of 227,855 (112369 males, 115482 female) (KNBS, 2019). Tea and maize are the two
major crops grown in the area. Dairy farming is one the major economic activities in the area with

administrative ward having established a cooling plant (Bii, 2017).

Agriculture is the main economic activity in which dairy farming is among the leading economic
activities in all sub-counties (MoALF, 2014). Dairy farmers still graze their cattle with natural
grass (Wairimu et al., 2021). Use of improved forage technologies can improve dairy productivity
but the use of these improved forage technologies is still limited. The improved forage
technologies considered in this study are; lucerne, desmodium, sesbania sesban and calliandra.
These technologies among others were developed, improved and promoted by Kenya agricultural
research institutes since 2012 to be used by smallholder dairy farmers as supplements and protein
sources. Kenya’s dairy industry comprises of two significant players; small-scale farmers who own
1 to 3 exotic cows and large-scale farmers who keep a large number of dairy cattle, mostly from
seven and above. Small-scale is characterized by cut and carry systems with limited use of
concentrates. Large-scale farmers are highly specialized, have excellent management systems, and

high-quality feeds.
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Figure 3. 2: Map of Sotik and Chepalungu Sub-Counties of Bomet County, Kenya
Source: Generated from Arc-GIS by the Author

3.3. Research Design

The study employed a cross-sectional design. The cross-sectional design is a cost-effective way of
collecting information in a short period (Kothari, 2004). The study adopted both gualitative and
quantitative approach. The qualitative approach involved the use of focus group discussions and
key informant interviews. Focus group discussions targeted farmers to understand different forage
technologies grown and used by farmers, understand constraints to forage production and what
they think should be done. Quantitative approach was adopted to enable inferences on the
population of interest (Amin, 2005). Furthermore, the quantitative approach allowed the researcher
to solicit information that could be quantified. Notably, the study adopted a descriptive and

econometrics approach. Quantitative approach was employed mainly to find out the differences
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between adopters and non- adopters. It was also employed to understand the relationship between

variables used in the study.

3.4. Method of Data Collection and Sampling Procedure
3.4.1. Data Sources

Data was mainly obtained from primary sources which included; County government officials and
smallholder farming households. Secondary sources included; FAO and World Bank publications,
Kenya dairy board annual reports and government publications.

3.4.2. Sample Size Determination

This study relied on a baseline data collected in 2019 by the Africa Milk Project. Africa Milk
project was carried out in three milk sheds which include; Mukurweini Wakulima Dairy Limited
(MWDL), Happy Cow Limited (HCL) and New Kenya Cooperative Creameries NKCC Sotik
factory. A milk shed is where a single dairy processing plant sources its milk from (Wairimu et
al., 2021). This study focused only on the NKCC Sotik factory and its collection areas. NKCC
collects milk from Bomet and Nyamira counties. The total number of respondents in the baseline
survey were 355 and 283 respondents were from Bomet and 72 from Nyamira respectively. This
study focused on Bomet county only. Data of respondents in Bomet County was extracted from
the baseline data of the Africa-Milk Project. The total number of respondents in Bomet County

was 283 respondents, and all these respondents were considered for the study.

3.4.3. Sampling Procedures

The study used multistage sampling technique. Multistage sampling technique is suitable for this
study because of its advantage of concentrating resources on the limited number of units of the
frame (Singh & Masuku, 2014; Amare et al., 2019). The study adopted the sampling approach
used by Wairimu et al. (2021). Even though this study relied on baseline data collected in 2019 by
Africa milk project, some data was still collected on the same farmers and that is why the study

adopted a sampling approach by Wairimu et al. (2019). The sampling approach used by Wairimu
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(2021) had four different sampling units. These were; firstly, farmers who supply milk directly to
processing plants, secondly, middlemen or traders who supply milk to plants, thirdly, farmer’s
groups who collect milk and the processor who picks from them and fourthly, cooperatives who
supply milk directly to the plants. This study only uses farmers as the only unit of analysis because
they were the ones engaged in planting of fodder for dairy cows. In the first stage, NKCC
processing plant was purposively selected. In the second stage, the milk collection systems were
selected. In the third stage, the main production areas where these milk collection systems are
located were purposively selected. List of dairy farmers from within the main production area was

obtained from baseline data collected by Africa Milk Project in 2019.

In the fourth stage, all the respondents identified were interviewed. In Bomet County, the total
number of respondents who were part of the baseline study was 283. Since the total number of
respondents were small to allow sampling to be done, all of them were interviewed. However, only
271 respondents were interviewed because some respondents could not be reached and others were
deceased. This study was linked to a baseline study by the Africa Milk Project, which characterized
dairy innovations adopted by dairy farmers in Bomet county. These innovations included housing
cows, herd management practices, feeds and feeding, reproduction, animal health, milk hygiene,
milk sale channels, and access to credit. This current study focused on feeds and feeding by
assessing the adoption rate and their effects on household income of dairy farmers in Bomet
County.

3.4.4. Data Types and Data Collection Methods

The study used primary data collected across a wide range of smallholder dairy farmers. Data
collection was based on categories such as feed resources, socioeconomic characteristics, farm
characteristics (farm size, ownership of land), income sources, and animal characteristics (number

of lactating cows and breed type).
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Both quantitative and qualitative methods were employed in this survey. Qualitative data involved
the use of focus group discussions and key informant interviews. Two focus group discussions
were conducted in each of the two sub-counties where Africa Milk Project was implemented. Each
group consisted of twelve members each. Key informant interviews were done with county
officials, agro vets, and county veterinary doctors to get a snap shot of the county's dairy sector.
Quantitative data was collected from dairy farmers’ households using structured and semi-
structured questionnaires. The questionnaire enabled information to be collected from a large
sample in a short period (Creswell, 2009). Here, a pretested questionnaire in a kobo toolbox was
administered to dairy farmers in the study area. Enumerators were assigned to designated areas
and face to face interview was used to collect data from individual farmers. According to Doyle
(2014), a face-to-face interview helps the researcher control the data collection process and quality
by ensuring that respondents do not skip some questions, which otherwise can be impossible
through other forms of interviews. Questionnaires were composed of the following sections;
Section A was on household and demographics (land tenure/land use, household and dairy assets,
household financial resources), and section B captured information on livestock inventory and
management. Section C captured information on dairy cows’ management (dairy cows’
characteristics and milk production, dairy cows’ feeds and feeding, dairy cows' reproduction, and
dairy inputs). Section D captured information on marketing, farm milk network and sources of
information.

3.5. Analytical Framework

A random utility framework was used to guide the study. According to this theory, consumers
will always choose an alternative with greater utility (Greene, 2002). Therefore, consumers adopt
improved forage technologies if the benefits of adoption are greater than the benefits of non-

adoption.
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This theory assumes that a farmer is a utility-maximizing agent who will choose a technology or
set of technologies that give them maximum returns. Given two technologies T; and T, with
corresponding utilities u;and u,. Assume u; > u, , a farmer will choose T; instead of T, because
he/she gets a maximum return from using T;. The benefit or utility derived from choosing T; can

be expressed as a linear sum of two components;

I.  Exogenous variables or farmer’s characteristics represent observable components and

Ii.  an error term that means unobservable farmer’s characteristics. This is expressed as
follows;

dji = Wj; + Uj; (1)
Where dj; is the utility resulting from the use of a particular technology, w;; captures observable

components of the utility and w;; is an error term that captures unobservable components.

The adoption decision is believed to lead to a binary choice model, which involves adoption and
non-adoption of improved forage technology. This adoption decision can be represented by y, as

shown below.

yi =xB +v; 2)

Where y; is the outcome variable of the adoption decision (household income) with y =1 if a
farmer adopts improved forage technologies and y = 0 for non-adoption. x; is a set of exogenous
variables included in the model (number of lactating cows, experience, group membership, access
to extension) among others? The variables included in the model were guided by previous studies
on the adoption of agricultural technologies (Njarui et al., 2017; Marwa et al., 2020; Maina et al.,

2020), B is a vector of parameters to be estimated, v; is a disturbance term.

From Equation (1) above, utility is not observable; what is observable is the adoption decision

which happens when; y* = 1 (adoption is observed) and y* = 0 (no adoption) otherwise
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The variable y in Equation (2) is a dependent variable bound between (0,1) and this, therefore,

gives rise to a Binary Choice Model.

3.6. Empirical Framework
3.6.1. Characterization of Dairy Forage Technologies

This objective was analyzed using descriptive statistics to summarize different socio-economic
and demographic variables. The independent t-tests were used to determine the statistical
significance differences in the means of adopters and non-adopters of improved forage
technologies. Bar charts were also used to visually represent various constraints to forage and milk
production.

3.6.2. Factors Influencing Adoption of Improved Forage Technologies

This objective adopted multivariate probit because of its ability to account for the adoption of
multiple technologies whose outcomes are interrelated (Kassie et al., 2015). Multivariate is simply
an extension of bivariate probit (Otieno et al., 2011). From random utility theory, the general
multivariate probit model can be expressed as follows

Siik = XjiPx + & (k=1,2,3) (3)

Where S, (5=1,2....... j) represents latent variable of participation in improved forage technologies
i adopted by farmer j. k denotes improved forage technologies included in the model, namely
desmodium (1), lucerne (2), sesbania sesban (3) and calliandra (4). X;; is the combined effects of
explanatory variables that affect adoption decisions, Sy, is a vector of estimators, &, is a disturbance
term. A farmer will adopt improved forage technologies if S;; = 1 and S;; > 0 and will not adopt
ifS; <0 (§=0)

Equation (1) above can be expanded as shown below
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Si=Xf1+¢& with S =1 if S{ >0, and 0 otherwise

S; =X,0, +& with S, =1 if S; >0, and 0 otherwise @)

S;=X3B3+¢e3 withS;=1 if S3>0, and 0 otherwise

Se=XuB4+e4, withS, =1 if S; >0, and 0 otherwise
Where S7,S5, S3 and S; are binary variables which are equal to one if a farmer j adopts i
technologies (desmodium, lucerne, calliandra and sesbania sesban ); X, X,, X5, X, are combined
effects of explanatory variables; ; to B, represents unknown parameters to be estimated; ¢, &,,
e3& €, represents error terms. Multivariate probit allows simultaneous selection of multiple
technologies; the error term then follows a multivariate normal distribution with zero conditional

means, a variance normalized to unity for easy parameter identification and the symmetric

covariance matrix Q is given by

1 P12 P13
Q= py 1 P23 (5)
P31 P32 1

Where p;; represents the correlation between different improved forage technologies.

3.6.2.1. Description of the Variables Included in Multivariate Probit

Gender of the Farmer

The gender in this study is considered an important variable. This is because some respondents
tend to have easy access to resources based on their gender. Abebaw & Haile (2013) found that
‘Male-headed households participate more in agricultural activities than female-headed
households.” This is because, in Africa, men control decisions related to access to land, livestock,
and credit and can quickly obtain information than women. Furthermore, women are always
preoccupied with household duties. It was expected to influence adoption and household income
positively and was captured as a dummy variable.

Farm Size

Asset holdings such as land, ox, livestock, and radio were hypothesized to positively influence

the adoption of improved forage technologies (Teklay & Teklay, 2015). Asset holding such as land
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is an indicator of wealth that can increase investment in forage planting, and management practices
such as milk handling can increase income (Bashir, 2014).

Breed Type

The variable was hypothesized to positively increase the probability of adopting improved forage
technology and income. Dairy farmers who keep exotic breeds were expected to use more
improved forage technologies. As farmers acquire more improved dairy breeds, improved forage
technologies increase. Turiname et al. (2012) reported that an increase in improved cow breeds

increases the adoption of improved forage technologies.

Education of the Household Head

Refers to the time a farmer takes to obtain their current level of formal education. It was expected
to influence adoption and household income positively. This is because more educated farmers
can access information, learn about the benefits of adoption, and are always willing to try new
technology (Ngeno, 2018).

Experience in Dairy Farming

Experience was expected to influence adoption and milk income positively. It was captured as the
years an individual has been a farmer. More experienced farmers were expected to learn about the
benefits of growing improved forages through their years in dairy farming (Njarui et al., 2017).
Membership in Cooperatives

Membership in cooperatives was measured as a dummy variable and expected to influence milk
income and adoption of improved forage technologies positively. This is because cooperatives are
expected to provide support services, bargain for a better price, training of their members.
Therefore, the probability of adoption was expected to be higher among members of cooperatives

(Abate et al., 2014).
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Distance to Urban markets

This was a continuous variable that was measured in kilometers. It was hypothesized to negatively
affect the adoption of improved forage technologies. Urban markets are sources of improved
forage seeds; therefore, longer distances will force farmers to rely on low-quality sources from
fellow farmers (Awotide et al., 2016).

Access to Off-farm Income

This is income obtained outside farming activities. It was expected to influence adoption and
household income negatively. This is because access to off-farm income decreases the desire to
engage in dairy farming activities and the adoption of improved forage technologies (Ngenoh,
2018).

Perception of Benefit of the Technology

This was measured as a dummy variable with a value of 1 for positive perception and 0 for negative
perception. It was hypothesized to increase adoption of improved forage technologies. Maina et
al., (2020), found that farmers who perceived Brachiaria to increase milk production were more
likely to adopt Brachiaria grass.

Access to Extensions

Extension services availability increase the adoption of agricultural technologies (Ghimire et al.,
2015). Extension provides awareness and information on the importance of adopting best
management practices (Baumgart-Getz et al., 2012). The extension was hypothesized to positively
influence the adoption of improved forage technologies and was captured as a dummy variable.
Number of Lactating Cows

Studies, for example, Njarui et al. (2017) found the number of lactating cows to increase the
likelihood of adoption. This study adopted the same line of thinking and hypothesized that the
number of lactating cows increased household income and the probability of adoption of improved

forage technologies.
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Access to Credit

This variable was captured as a dummy. It was anticipated to be positive. This is because quality

forage seeds are expensive and only farmers who have access to credit can afford them (Mabe et

al., 2018).

Table 3.1: Description of Explanatory Variables used in Multivariate Probit Model

Variables Description Unit of | Expected signs
measurement
Dependent Variables
Decision to adopt
improved forage
technologies (IFTs)
or not
Independent
Variables
Access to credit Access to affordable credit | Yes=1 +
services
No=0
Education in years Time spent to obtain a given level | Years +
of formal education.
Membership in dairy | Membership of household head in | Yes=1 +
cooperative any farmer groups
Y y group No=0
Off farm income activities practice by the household | Yes=1 _
head outside farmin
g No=0
Access extension | Any extension services received | Yes=1 +
services by the respondents
ytheresp No=0
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Experience in dairy | Number of years spent in dairy | Number +
farming
Gender Gender of the household head Male=1 +/-
Female=0
Distant to market Distance of the respondent house | Kilometers -
to the nearest urban market
Farm size Total farm size of the household | acres +
head
Perceived benefit of | Knowledge of benefits accrued in | Yes=1 +
technolo using a technolo
gy g gy No=0
Number of lactating | Lactating cows owned by the | Number +
cow household head
Breed type Type of breed kept by the farmer | Exotic=1 +
Local=2

Source: Author’s compilation from existing literature

3.6.3. Effects of Adoption of Improved Forage Technologies on Household Income.

An endogenous treatment regression model was fitted to estimate the effects of one or combination
of any of these improved forage technologies. Past studies such as Ahmed & Mesfin (2017) used
propensity score matching to estimate the ‘impact of agricultural cooperatives membership on the
wellbeing of smallholder farmers in Eastern Ethiopia’. Marwa et al. (2020) also used propensity
score matching to evaluate the impact of ‘ICT-based extension services on dairy production and
household welfare’ in Kenya. The propensity score matching however, does not account for
endogeneity arising from unobservable characteristics. This objective therefore, employed an
endogenous treatment regression model. Heckman (1976) popularized the model to account for

endogeneity caused by both observable and unobservable characteristics. Endogeneity arises
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because the selection is not random, so participants may self-select (Millimet & Tchernis, 2013).
Farmers who are practicing improved forage technologies and are well informed may willingly
enter the program. This motivational drive cannot be easily observed. It will likely be reflected in
the error term, thus inducing a correlation between the adoption of improved forages and the error
term. This is called sample-induced endogeneity (Certo et al., 2016). Following Owoo et al.
(2017), the two-step endogenous treatment regression model is specified.

d; =z; a+ u; (selection equation) with d; =1 if d; > 0 and 0 otherwise (6)

y; =x;f + 8d; +v; outcome equation (household income) @)

Where d; denotes latent participation in the adoption of improved forage technologies, z;
represents exogenous variables, a is an unknown parameter to be estimated, y; is a disturbance

term. The error terms y; and v; are assumed to follow a bivariate distribution with zero mean.

(o) ®)

If participants self-select into the program, endogeneity may arise. This implies that the expected
value of the error term of the outcome equation (income) condition on access to adoption decision

is non-zero. Therefore, the conditional mean of income in equation (7) can then be expressed as
EQi/di) = xia+ EGL ) = x; + Euyy, (9)
Such that E(V;/u;) # 0. Thus, the conditional expectation of the error terms v; and p; are

expressed as;

EQi/u) = E@i/uoxiB) = E(ovi,p/w) = po, £575 (10)

Where ¢ and ¢ are normal probability density functions and cumulative density functions of the
standard normal distribution.

To correct for self- selection bias, binary probit was applied in the selection equation (6) and

inverse mill ratio (IMRL) was obtained and used as an instrument in the outcome equation

(Wooldridge, 2012). This is formulated as follows;
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A - Q(_ﬁlx) 9
1-¢(B1%) 9

Where ¢ and ¢ are as defined above. The inverse mill ratio (rho) can correct the problem that may
arise due to selection bias (Greene, 2002). According to Certo el al. (2016), there is endogeniety
if the correlation coefficients between the two error terms (rho) in the selection equation
(participation in adoption of improved forage technologies) and outcome equation (household
income) is non-zero. Therefore, to correctly estimate the effects, this difference needs to be
considered (Abdullah et al., 2017). The outcome equation with IMR inclusive then becomes:

yi =x;8; + ¢d; + 04s; + ¢ (10)

Where y; represents household income level derived from summing up revenues from all
household income sources. These sources of income include; income from dairy (milk, feed and
manure), income from other livestock activities, income from all crops, income from other farm
activities (draft animal renting, machinery and equipment rental), income from non-farm activities,
income from pension, income from remittances. This approach was adopted from (Danso-Abbeam
et al., 2018). d; is participation in adopting improved forage technologies measured as a dummy
variable. y; is observed when d;=1. x; is the combined effect of explanatory variables on adoption
and household income, s; is the exclusion criteria, 8, ¢, and 6 are unknown parameters to be
estimated. However, the two steps have its limitation because it requires complex adjustments to
obtain consistent estimates. To overcome this problem, Wooldridge (2002) recommended the use
of maximum likelihood estimation method to generate consistent estimates. Previous studies, for
example (Danso-Abbeam et al., 2018; Amare et al., 2019; Adeyanju et al., 2021), used average
treatment effect (ATE) to estimate impact by comparing the expected outcome for participating
and non-participating farmers. Hence, following (Millimet & Tchernis, 2013), the average
treatment effect is given as

ATE = E(yilx; = 1) — E(yi|x; = 0) (11)
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3.6.3.1. Description of the Variables in the Outcome Equation

Number of Dairy Cows

The variable refers to the number of dairy cows owned by a farmer. It was hypothesized to
influence the adoption of improved forage technologies and household income. Households with
more dairy cows were more likely to adopt improved forage technologies and have more milk
income. Studies such as Okello et al. (2021) found the number of dairy cows to be positively
associated with the intensity of adoption of dairy technologies in Kenya.

Access to Training

This variable was hypothesized to increase adoption and household income. Technical training in
dairy information technology, forage establishment and maintenance, farm machinery, business
plan and milk hygiene was expected to increase household income. Benimana et al. (2021) found
that access to training increases the use of alternative maize storage technologies in Rwanda.
Milk Production

This variable was captured as a continuous variable. It refers to the amount of milk produced by
each cow in a farm. Milk production was measured in litres of milk produced. It was hypothesized
to increase household income. Studies such as Okello et al. (2021) found milk production to
increased household income in Kenya.

Ownership of Transport Means

Ownership of transport means such as motorbike, bicycle, cart and pick-up truck was expected to
positively influence income. Akrong (2020) found positive association between ownership of
transport and access to high value market by mango farmers in Ghana.

Access to Information

This variable was captured as a dummy variable. Farmers use both extension agents, radio, and
electronic media to access information. If farmers have ready access to information on buyers and

sellers of forages and concentrates, market prices, unexpected shocks such as economic down turn
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and weather shocks, disease outbreak, certification and accreditation, then they were expected to

have more household income.

Adoption of Improved Forage Technologies

This variable was captured as a dummy variable. Value of 1 was assigned to farmers who have

adopted any of the four technologies namely; desmodium, lucerne, sesbania sesban and calliandra.

Value of 0 was assigned to non-adoption. It was hypothesized to increase household income.

Ashley et al. (2018) found use of improved forage technologies to increase household income in

Cambodia.

Table 3.2: Description of Variables used in Endogenous Treatment Regression Model

level of education by

respondents

Variables Description Unit of Expected signs
measurement

Dependent Variables

Household income. Total revenues from all
income sources in Kenyan
shillings

Independent Variables

Breed type Type of breed kept by the Exotic=1 +
farmer Local=0

Adopt legume Use or grow any of the Yes=1, No=0 +
legume forages

Membership in dairy Membership of household Yes=1, No=0 +

cooperative head in any farmer groups

Access to extension Any extension services Yes=1, No=0 +

service received by the respondents

Age Number of years of the Years +
respondent

Education in years Time spent to obtain a given | Years +
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Farm size Total farm size of the acres +
household head

Off farm income Access to income out of Yes=1, No=0 -

agriculture income

Access to credit Any credit receive by the Yes=1, No=0 +
respondent at any time of the

year

Number of dairy cows | Total number of dairy cows Number +
owned by the household head

Source: Author’s compilation from existing literature

3.6.3.2. Model diagnostic tests
3.6.4.1 Test for multicollinearity

Multicollinearity happens when two or more explanatory variables have an exact linear
relationship. The presence of multicollinearity leads to high R? value and few significant t-ratios
(Gujarati et al., 2010). In this study variance inflation factor (VIF) was applied to check the present

of multicollinearity. After running OLS regression. VIF was calculated as follows:

1

2
1-R;

VIF =

(12)

Where R? is the R? for the auxiliary regressors
According to Gujarati & Porter (2010), there is multicollinearity if the VIF value is greater than

10.
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CHAPTER FOUR
RESULTS AND DISCUSSION
4.1. Descriptive Results

The demographic and socio-economic characteristics of the respondents (Table 4.1) show that the
average daily milk production was 14 liters per cow for adopters compared with 10 liters for non-
adopters. This implies that adopters produce more milk than non-adopters. The difference in milk
production between adopters and non-adopters is significant at 5% confidence level. This
difference can be attributed to the use of legume forages such as Lucerne, desmodium, and fodder

trees which have high protein content that can increase milk production (Kiptot et al., 2015).

The average daily milk income was Kshs 457.35 (1$=100Kshs) for adopters and 325.83 (1$=100
Kshs) for non-adopters. This difference is significant at 5% confidence level. This difference can
also be attributed to the use of legume forages which are rich in protein, minerals and vitamins and
essential for high milk production when fed to cows, leading to more income from the sale of milk.
This is because legumes forages have potential of increasing milk production and can be used as

an alternative for expensive dairy meals hence saving money (Lukuyu et al., 2019).

The mean years of formal education for adopters were slightly higher (10 years) than that of non-
adopters (9). The difference was statistically significant at one percent level. Adopters had a higher

education than non-adopters.
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Table 4. 1: Socio Economic and Demographic Characteristics of the Respondents in Bomet
County

Variable Adopters Non-adopters Pooled t-ratios
Daily Milk Income (kshs) 457.35 325.83 359.2 2.35"
Daily Milk Production (litres)  13.86 9.84 10.9 2.37"
Education (Years) 9.74 8.52 8.84 2.06"
Experience (Years) 18.74 17.81 18.05 0.50
Farm Size (Acres) 6.04 3.56 4.20 2.99"
Number of Lactating Cows 241 1.59 2 4.10™"
Distance to Market (KM) 1.41 1.55 1.5 -0.62
Adopters Non-adopters Pooled chi?
n=70 n=200 n=270
Extension 53 18 27 0.00™
Benefit of Technology 89 95 94 0.042™
Information 49 63 59 0.04™
Breed Kept (Exotic=1) 83 83 83 0.98
Gender (male=1 53 20 29 0.00"
Membership Coop 21 36 32 0.25™
Access to credit 37 32 33 0.43
Off-farm Income 23 26 25 0.66

Source: Own Survey data 2021. Note: p>0.1=x, p>0.05= *x*, p>0.01=xx

The average farm size for adopters was approximately six acres and four acres for non-adopters.
The difference is statistically significant at one percent confidence level. Adopter farms were

larger than non-adopter farms. Farmers' land holding is an indicator of their wealth. This can
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explain why farmers with larger farms are able to adopt more forage legumes. Land scarcity is also
one of the significant problems to dairy and forage production in Kenya. Farmers prefer to use the

available land for food crops because the gain from forage production takes long.

Regarding the number of lactating cows, there was a significant difference between adopters and
non-adopters. Adopters kept approximately three cows while non-adopters kept two cows. This
difference was significant at 1 percent confidence level. Pooled results show that the majority of
dairy farmers kept about two cows each. This shows that dairy farming is one of the most important

economic activities in Bomet County.

The majority of the respondents have no access to extension services. Pooled results show that
only 27 percent of the respondents have access to extension services. This is significant at 1 percent
confidence level. The low access to extension services could explain the low adoption of improved
forage technologies among dairy farmers in Bomet County. This low adoption is the reason for the
persistent low milk production among dairy farmers in most parts of Kenya. Extension services
help in improving the adoption rate of improved forage technologies because they provide

awareness and increase the uptake of knowledge.

About 53 percent of adopters were male compared to 20 percent female. This was expected
considering that males control resources such as land in an African context and are more likely to
attend formal training. Thongoh et al. (2021), reported that more males than females are associated
with increased knowledge on the value chain. This is attributed to the fact that the value chain
activities such as production and marketing require resources to engage in and because males’

control most of the resources, they can be able to engage in it.

The results also show that more than 93 percent of the respondents agreed that adopting improved
forage technologies can increase milk production. This indicates that the respondents are aware of

the importance of legume forages. The problem is the lack of knowledge on forage establishment
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and unaffordable seeds. The three percent of adopters who believe that legume forages cannot
yield any benefit in regard to milk production can be attributed to the disappointment people get

from adoption, for example when lucerne is fed to cows while fresh causes bloating.

About 49 percent of the respondents had access to information on market prices and trends from
fellow farmers, NKCC extension agents, and radios. Information plays a crucial role in linking
consumers and producers in the dairy sector. It also helps farmers know the emerging agricultural

technologies critical for improving dairy productivity.

Only 21 percent of adopters belong to dairy cooperatives against 36 percent. The reason can be
attributed to the fact that the majority of the respondents were from the Sotik sub-county and these
farmers supply their milk directly to the NKCC processing plant, which offer almost the same

services provided by dairy cooperatives to farmers.

4.1.1. Major Constraints of Milk Production among Dairy Farmers in Bomet County

Figure 4.1 shows constraints to milk production in Bomet county. Most farmers mentioned poor
health, inability to use more milk and expensive concentrates as the major challenges limiting
increased milk production. The high prices of concentrates can be attributed to challenges inflicted
by covid-19 on businesses worldwide since primary concentrates like cotton seed cakes are
imported. The problem of inadequate feed is attributed to the fact that the majority of farmers in
the study area graze their animals on natural grass. This is because they have large land sizes which
favor grazing. Natural grass however, lacks the required quality and quantity. These findings are
similar to Wairimu et al. (2021), who noted that grazing with natural grass was the main mode of

feeding in the study area.
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Figure 4. 1: Constraint to Milk Production in Bomet County

4.1.2. Different Ways to Increasing Milk Production

The results in Figure 4.2 show that most farmers want to produce their feeds to increase milk
production. This means that farmers know the importance of nutrition to dairy cows. Results also
reveal that improvement in management practices would increase milk production in Bomet
County. This observation is similar to the conclusions made by Richard et al. (2015) who found
that better management practices such as deworming, feeding cows with dairy meal and hay are

positively associated with the volume of milk sold.
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Figure 4. 2: Ways to Increase Milk Production

4.1.3. Adoption Patterns of Different Forages in Bomet County

Results in Figure 4.3 show the adoption patterns of different improved forage technologies among
dairy farmers in Bomet County, Kenya. As show in Figure 4.3, napier grass is the leading forage
grown by dairy farmers in Bomet County, followed by rhode grass at 15 percent. Adoption of
forage legumes such as desmodium, lucerne and fodder trees (sesbania sesban and calliandra) is
low compared to napier and boma rhodes. More than 75% of farmers grow napier. This is because
most policies by non-governmental organizations, research institutions and government are geared
towards supporting cultivation of Napier grass (Njarui et al., 2021). Furthermore, its vigorous
growth, high biomass productivity, deep root system that is tolerant and can survive in a wide
range of soil conditions make it a preferred choice compare to other forages (Ndwiga et al., 2019).
The low adoption of forage legumes can be attributed to bloating risk associated with consumption

of fresh legumes (Abdisa, 2018).
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Figure 4. 3: Adoption Rate of Different Forages in Bomet County

4.1.4. Major Constraints to Forage Production in Bomet County

The results in Figure 4.4 show that the two major problems limiting forage production in Bomet
County are expensive seeds and lack of knowledge on forage production and establishment. The
planting materials for forage legumes are expensive and farmers also lack knowledge on how to
establish it. In the survey, farmers raised concerns over how expensive seeds from agro-dealers
are and sometimes were unavailable especially during the planting season. Often they rely on
fellow farmers to obtain these seeds. Richard et al. (2015) also noted that farmers had no idea

where to obtain forage seeds especially for fodder trees like calliandra.
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Figure 4. 4: Major Constraints to Forage Production in Bomet County

4.2. Factors that Influence the Adoption of Improved Forage Technologies

Multivariate probit was used to assess the factors influencing the adoption of improved forage
technologies (Table 4.3). Pairwise correlation coefficients between error terms of the adoption
equation was assessed (Table 4.2). The correlation coefficients were statistically significant and
positive. This implies that the four technologies (desmodium, lucerne, sesbania sesban and
calliandra) complement each other. Adoption of one technology increases the probability of
adopting any of the four technologies if the right conditions are provided such as access to

extension, availability and pricing.
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Table 4. 2: Pairwise Correlation Coefficients of Error Term of the Adoption Equation

Technology Desmodium Lucerne Sesbania Sesban Calliandra
Desmodium 1

Lucerne 0.390" 1

Sesbania Sesban 0.268" 0.327* 1

Calliandra 0.301* 0.273** 0.337* 1

Note: p>0.1=%, p>0.05= **, p>0.01=**x*

Source: Own survey data 2021.
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Table 4. 3: Maximum Likelihood Estimates of the Factors Influencing Adoption of IFTs

Variables Desmodium Lucerne Sesbania Calliandra
COEF MFE COEF MFE COEF MFE COEF MFE

Household characteristics

Gender of household head (1=Male) 0.68* 0.12 0.30 0.03 0.02 0.002 -0.04 0.01
(0.25) (0.30) (0.28) (0.24)

Experience in dairy (Years) 0.01 0.001 0.03**  0.002 -0.01 0.001 0.001 0.00
(0.01) (0.01) (0.01) (0.01)

Education of household head (Years) 0.02 0.004 0.09** 0.01 0.06* 0.01 -0.02 -0.00
0.02 (0.02) (0.03) (0.03)

Off-farm income (1=Yes) 0.11 0.02 0.40 0.04 -0.39 -0.04 0.37 0.05
(0.28) (0.39) (0.24) (0.32)

Farmer characteristics

Farm size (Acres) 0.02 0.004 -0.04*  -0.003 0.04™ 0.004 0.04* 0.01
(0.02) (0.01 0.02) (0.01)

Number of Lactating cows -0.12 -0.02 0.05 0.004 -0.24™ -0.03 -0.10 -0.01
(0.08) 0.07) (0.11) (0.07)

Breed type (1=exotic) 0.06  0.011 -0.81**  -0.07 -0.44 -0.05 0.65*  0.09
(0.27) (0.24) (0.34) (0.31)

Distance to Market (km) 0.12**  0.022 -0.02 -0.002 0.09 0.01 0.05 0.01
(0.06) (0.08) (0.06) (0.05)

Farmers’ Perception

Benefit of Technology (1=Yes) 0.13 0.023 -2.55"*  -0.23 -3.10™ -0.31 -3.19"*  -0.44
(0.40) (0.51) (0.40) (0.45)

Institutional characteristics

Access to credit(1=Yes) 0.09 0.02 0.07 0.01 0.15 0.02 0.23 0.03
(0.23) 0.26 (0.24) (0.24)

Group membership(1=Yes) 0.43 0.08 0.62* 0.06 -0.60** -0.06 -0.15 -0.02
(0.28) (0.34) (0.29) (0.25)

Access to extension(1=Yes) 0.14 0.02 0.19 0.02 0.93** 0.10 0.80* 0.11
(0.33) (0.44) (0.34) (0.42)

Constant -4.22" -2.26™ 0.98 -1.11
(1.03) (1.11) (1.12) (1.36)

Wald chi2 (56) 800"

Likelihood ratio test y2 (6) 60"

Source: Own survey 2021. P<0.1=*, p<0.05= **, p<0.01=*** MFE: Marginal effects; n=244. Robust standard errors in parenthesis.
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The test for Multicollinearity showed that it was absent. The VIF values were less than ten thus no
multicollinearity (Appendix.1). The wald test (wald (x2) (6) = 800; P= 0.000) shows the high
explanatory power of the model. The likelihood ratio test (y2) (6) = 60 was significant at one
percent confidence level implying that the null hypothesis of no correlation of covariance of the
error terms in the adoption equation was rejected. This means that adoption of one technology

increases the likelihood of adopting another technology.

Among the socio-demographic variables, gender positively and significantly influenced
desmodium adoption at 1 percent confidence level. The male households were 12 percent more
likely to adopt desmodium than females because men are more likely to attend training and field
demonstrations of new technologies hence increasing their awareness. This implies that male
households were more likely to adopt these technologies than female households. This finding is
similar to the findings by Bashir (2014), who found that being male was positively associated with

the use of improved seeds in Ethiopia.

Experience in dairy farming positively and significantly increases the probability of using lucerne
at 1 percent confidence level. Experience in dairy farming increases the probability of choosing
lucerne by 0.2 percent. This implies that farmers who have spent many years doing dairy farming
were expected to have gained the necessary skills and resources and know the benefits of different
forage technologies. This finding is in agreement with Okello et al. (2019), who observed that
experience and age positively and significantly influenced the adoption of zero-grazing farming

technology in the Bondo sub-county.

Education of the household head significantly and positively influenced adoption of lucerne and
sesbania sesban at 1 percent and 10 percent confidence level. Years spent in school by the
household head increases the likelihood of adoption of both lucerne and sesbania sesban at 1
percent. Education enables individual farmers to gather crucial information necessary for the
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successful establishment and management of forage production. Since lucerne has higher yields,
it makes a preferred choice for more educated farmers. These results are consistent with a study
by Danso-Abbeam et al. (2017), who found that education increases farmers' awareness of the

benefits of adoption.

Farm size decreases the probability of choosing lucerne. It however increases the probability of
adopting sesbania sesban and calliandra by 1% and 0.4%. This implies that since sesbania sesban
and calliandra are grown on hedges and do not require large pieces of land, farmers with large
pieces of land prefer to grow them at hedges to act as windbreakers. The negative relationship
between lucerne and farm size is due to the fact that lucerne requires a large piece of land like any
other food crop, so farmers instead substitute lucerne with naturally grown leguminous clover from
their farms. This is consistent with the findings of Njarui et al. (2017) who found that families with
larger farm sizes are less likely to adopt improved forage technologies because they can easily

obtain natural grass from their farms as feeds for their animals.

The number of lactating cows decreased the probability of choosing sesbania sesban by 3%.
Results being significant at 5% confidence level. Farmers complained that an increase in the
number of lactating cows would require major investment in improved feeding method. This is
because most dairy farmers are poor and could not afford the cost of keeping many dairy cows.
For instant seeds for fodder trees are expensive and unavailable. This is true because more than
50% of farmers reported high cost of seeds as the major limiting factor to the adoption of forage
legumes in general. Therefore, having a high number of lactating cows would require dairy farmers
to invest in improved forage legumes such as fodder trees in order to increase milk production and
this is an expensive endeavor. This finding conforms to that of Oyekale (2013), who observed that

as the number of dairy cows increased, the probability of keeping dairy cows decreased.
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Breed type decreased the probability of using lucerne by 7%. However, it increases the probability
of choosing calliandra by 9%. Results are significant at 1 percent and 5 percent confidence level.
This imply that with the advance of extreme weather which makes it impossible to grow major
forages such as lucerne and desmodium, farmers prefer to use calliandra because it is a fast-
growing and drought-tolerant fodder that can be used as a supplement especially for dairy cows in
the dry season when feeds are scarce (Franzel et al., 2014). This result conforms to the findings by
Marwa et al. (2020) who found that breed type positively influences the adoption of icow services

in Kenya.

Distance to the nearest market increases the probability of adopting only desmodium by 2 percent.
Results being significant at 5 percent confidence level. A longer distance to the market increases
transaction costs. During survey, farmers reported that they received some seeds from fellow
farmers who grow desmodium. Therefore, to avoid longer distance, farmers tend to grow
desmodium which is being grown by the majority of farmers than other forage legumes. These
results are consistent with Jerop et al. (2018), who found that distance positively influenced

adoption of agricultural innovations among smallholder farmers in Kenya.

Perceived benefit of the technology on milk production decreased the probability of choosing
lucerne by 23 percent, sesbania sesban by 31 percent, and calliandra by 44 percent. This is contrary
to the expectation and maybe because of bloating risks associated with fresh pasture consumption,
mainly forages with high legume content, such as high-quality alfalfa grass (Abdisa, 2018).
Lucerne, for example, was reported by several farmers during the focus group discussions and

survey to lead to bloating when fed fresh to dairy cows.

Membership in a dairy cooperative increased the likelihood of choosing lucerne by 6 percent while
decreasing the likelihood of using sesbania sesban by 6 percent. Results being significant at 10
percent and 5 percent respectively. During survey and focus group discussions, farmers reported a
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high cost and a limited access to quality seeds to be the major factors limiting the adoption of
fodder trees. Additionally, despite the low adoption of lucerne among farmers, it is being actively
promoted by development partners and County governments and can easily be obtained from agro
vet shops. Since agricultural cooperatives facilitate access to market information for inputs, they
can easily encourage their members to adopt lucerne, which is more popular than the costly
sesbania sesban. This finding is consistent with Candemir et al., (2021), who found that
cooperatives play a crucial role in farm economic sustainability and adoption of environmentally

friendly practices.

Access to extension positively and significantly influences adoption of sesbania sesban and
calliandra at 1 percent and 10 percent confidence level. Extension services increase the probability
of adoption of seshania sesban by 10 percent and calliandra by 11 percent. Extension services is a
significant source of technology improvement, and farmers who are regularly exposed to
information such as field demonstration are likely to increase their uptake of technologies because
of increased awareness (Ngenoh, 2018). Improving access to extension particularly for fodder trees
would help scale up their adoption. These findings are similar to Maina et al. (2020), who found

that access to extension increases the adoption of Brachiaria grass in Kenya.

4.3. Effect of Adoption of Improved Forage Technologies on Household Income

The Wald chi square test of independence is statistically significant (p<0.000), confirming a
correlation between the error term of the selection equation and the error term of the outcome
equation. The adoption of improved forage technologies therefore, is related to household income.
This justifies the use of endogenous treatment regression model to correct the bias. In this case,
the average predicted outcome (ATE) is the same as the average treatment effect on treated
individuals because the treatment indicator variable has not interacted with any of the outcome
covariates (Adeyanju et al., 2021); that is, average treatment effect (ATE) equals average treatment

effect on treated respondents (ATET
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Table 4. 4: Results of the Endogenous Treatment Effect Regression Model

Variables Selection Equation (Probit) Household income (OLYS)
Coef RSE Coef RSE

Gender of household head (1=Male) 1.249* 0.227

Experience in dairy farming (Years) 0.000 0.009 -0.002 0.006
Education of household head (Years) 0.024 0.028 0.013 0.016
Off-farm income (1=Yes) 0.492" 0.289

Farm size -0.023 0.020 0.019* 0.009
Number of Lactating cows 0.031 0.064

Breed type (1=Exaotic) 0.980"** 0.207 -0.094 0.169
Milk Production (liters) 0.326" 0.170

Number of Dairy Cows 0.033" 0.020
Distance to Market (KM) -0.204™ 0.079

Ownership of transport means (1=Yes) 0.182 0.117
Benefit of Technology -0.454 0.438

Membership in Farmer’s group (1=Yes) -0.422* 0.252 0.588" 0.143
Access to credit (1=Yes) 0.076 0.122
Access to extension (1=Yes) -0.386 0.261 0.149 0.154
Access to training (1=Yes) -0.418 0.417 0.489*" 0.193
Access to Information (1=Yes) -0.386" 0.227 0.062 0.125
Adopt legume 1.270™* 0.235
Constant -1.640 1.842 8.703" 0.729
/athrho -0.551" 0.188

/Insigma -0.192™* 0.054

rho -0.501 0.141

sigma 0.826 0.046

Lambda -0.414 0.126

Wald test of indep. Egns. (rho=0): chi2(1) = 8.63 Prob > chi2 = 0.003

Source: Own survey data. Note: p>0.1=x, p>0.05= **, p>0.01=*x*, RSE: Robust Standard Errors
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Farm size effect on household income was positive and significant at 1 percent confidence level.
This result means that farmers with larger farms were expected to have more income. Farmers
with larger farm sizes could grow more feeds for their animals to increase milk production and sell
excess feeds to farmers with small pieces of land. This study is consistent with the study by Anang
et al. (2019), who found that income increased with farm size in the study of adoption and income

effects of extension in Ghana.

The number of dairy cows owned by a farmer positively and significantly affect household income
at 10 percent confidence level. The number of dairy cows a farmer owns is an indicator of wealth.
This means that more dairy cows would mean more milk and hence more revenue from the sale of
milk. This is consistent with Ngeno (2018), who found that the number of animals kept in the farm

positively impact net returns to the farmer.

Membership in dairy cooperatives was found to affect household income positively and
significantly at 1 percent confidence level. Dairy cooperatives have milk coolers for storing milk,
which help reduce milk loss. Cooperatives provide extension services such as milk hygiene,
training to maintain the quality of milk; therefore, farmers can fetch high prices for their milk. This
result is consistent with Danson-Abbeam et al. (2018), who found that membership in a farmer’s

group has a positive effect on farm income.

Access to training has a positive and significant effect on household income. Training is a source
of information that exposes farmers to technologies and this is crucial for dairy productivity. For
example, trainings on improved feeds and feeding, milk hygiene, and milking practices can help
increase dairy productivity. Training on improved forage legumes feeding, in particular, is very
critical because forage legumes are an essential source of protein intake, which is vital for dairy

productivity (Gebreselassie, 2019).
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Results from regression analysis show that the adoption of forage legumes has a positive effect on
household income. Adoption of improved forage technologies was significant and positive at 1
percent confidence level. This means that farmers who adopt forage legumes have higher incomes
than those who do not. The average treatment effect of adoption of improved forage technologies
(ATE) is 1.3. This implies that as adoption increases by 1 percent, household income increased 1.3
times. Results from focus group discussions with farmers and key informant interviews with local
chiefs, agro-dealers and county officials show that most farmers use napier and natural grass to
feed their animals; therefore, there is a lack of a balanced diet. This means that those using legume
forages are more likely to increase milk production and income from milk sales. These findings
agree with Ashley et al. (2018), who found that adoption of forage technology increased household
income among smallholder farmers in Cambodia. Similar results were made by Maina et al.

(2020), who reported increased milk production from the use of brachiaria grass.
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CHAPTER FIVE
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.1. Summary

This study focused on the adoption of improved forage technologies and its effect on household
income; a case of forage legumes in Bomet County, Kenya. The study is a follow-up on the same
respondents considered during the baseline study of the Africa Milk Project in Bomet county. The
specific objectives were to characterize forage technologies, establish the factors influencing
adoption and the effects of adopting improved forage technologies on household income.
Descriptive statistics were used to profile the adoption rate of different forage technologies.
Multivariate probit was used to analyze factors influencing the adoption of improved forage
technologies and endogenous treatment regression model for the effect of improved forage

technologies on household income.

Descriptive results show that the adoption rate of forage legumes (desmodium, lucerne, sesbania
sesban and calliandra) was low at 30 percent. Adopters were significantly different from non-
adopters in terms of education, experience in dairy farming, farm size, access to extension services
and gender among others. Furthermore, adopters had higher average daily milk income and milk

production than non-adopters.

Adoption of improved forage technologies was positively and significantly influenced by dairy
cooperative membership, years of schooling, gender, distance to market, access to extension
services, farm size and experience in dairy farming. Number of lactating cows, perceived benefit
of the technology, and breed type negatively and significantly influenced adoption of improved

forage technologies according to multivariate probit results.

Results of the endogenous treatment regression model showed that adoption of improved forage

technologies significantly and positively affected household income. Adoption of improved forage
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technologies that was hypothesized to increase household income was significant and positive at
one percent confidence level. This means that adoption of improved forage technologies increased
household income. Other positive drivers of household income were: access to training,
membership in farmer’s groups, number of dairy cows owned by a farmer, farm size, and gender
of the household head.

5.2. Conclusions

Adoption of forage legumes is low among dairy farmers in Kenya even though it is a source of
animal protein intake which is likely to increase dairy productivity. This study established the
factors influencing the adoption of improved forage technologies and their effects on household

income.

The results revealed that membership to farmers’ groups and access to extension services are the
significant factors that influence the adoption of improved forage technologies. This variable
indicates that farmers in dairy development groups are more likely to adopt improved forage
technologies. Similarly, access to extension services is low, which explains low adoption among
dairy farmers in Bomet County. According to the findings from a survey, one of the significant
barriers to adoption of improved forage technologies in Bomet County is lack of knowledge on
forage establishment and maintenance. The government should develop strategies to improve

access to extension services.

Adoption of improved forage technologies positively affects household income; however, their
use is still low at 30 percent compared to energy-rich forages (nappier, boma rhodes and brachiaria)
at 97 percent. Many farmers are aware of the importance of integrating forage legumes in their
feeds but have not yet adopted them. Policymakers should devise ways to increase the adoption of

forage legumes to improve animal nutrition and milk production.
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5.3. Recommendations
5.3.1. Policy Recommendations

Since the adoption of improved forage legumes is low, the government and policymakers should
work on strategies to improve the adoption of forage legumes, mainly fodder trees, by organizing
field days and establishment of demonstration fields. This will increase the adoption of forage
legumes in large scale and thus increase dairy productivity and consequently increase farmers’

income through the sale of milk.

Given that membership in a dairy cooperative influenced the adoption of improved forage
technologies, government and development partners should empower farmers’ groups. Farmers’

groups act as an important channel for passing information on emerging agricultural technologies.

Considering the fact that access to extension services positively influenced adoption decisions,
government and development agents should set up workshop centers and demonstration fields in
different sub-counties in Bomet and extension agents be assigned to these stations to train farmers
in forage growing and establishment. Encourage adoption of ICT for extension such as ICT-
supported water and irrigation technologies. This will help farmers to be up to date with the latest
technologies and, therefore, ensure forage availability throughout the year.

5.3.2. Recommendations for Further Research

Future research could focus on ways of addressing bloating from the use of fresh legumes,

especially from the use of lucerne. This could be the reason why adoption is still low.

54



REFERENCES
Abate, G. T., Francesconi, G. N., & Getnet, K. (2014). Impact of Agricultural Cooperatives on

Smallholders' Technical Efficiency: Empirical Evidence from Ethiopia. Annals of Public
and Cooperative Economics, 85(2), 1-30.

Abdisa, T. (2018). Study on the Prevalence of Bovine Frothy Bloat in and around Kebele Lencha,
Tokke Kutaye District, Oromia. Approaches in Poultry, Dairy and Veterinary Sciences,
3(3), 144-153.

Abdullah, S., Rabbi, F., Ahamad, R., Chandio, A. A., Ahmad, W., llyas, A., & Ud Din, I. (2017).
Determinants of Commercialization and its Impact on the Welfare of Smallholder rice
farmers by using Heckman's two-stage approach. Journal of the Saudi Society of
Agricultural Society, 1-10.

Abebaw, D., & Haile, M. G. (2013). The impact of cooperatives on agricultural technology
adoption: Empirical evidence from Ethiopia. Food Policy, 38, 82-91.

Adeyanju, D. F., Mburu, J., & Mignouna, D. (2020). Impact of Agricultural Programs on Youth
Engagement in Agribusiness in Nigeria: A case study. Journal of Agricultural Science,
12(5), 145-154.

Ahmed, M. H., & Mesfin, H. M. (2017). The impact of agricultural cooperatives membership on
the wellbeing of smallholder farmers: empirical evidence from eastern Ethiopia.
Agricultural and Food Economics, 1-20.

Akrong, R. (2020). An Economic Assessment of the Factors that Influence Smallholder Farmer
Participation in Export Markets as a case for High value Mango Markets in Southern
Ghana. Nairobi: University of nairobi.

Alos-Ferrer, C., & Garagnani, M. (2019). Strength of Preference and Decision making under risk.

University of Zurich, Economics. Zurich: ECONSTOR.

55



Amare, M., Kabubo-Mariara, J., Oostendorp, R., & Pradhan, M. (2019, November). The Impact
of Smallholder Farmers' Participation in Avocado Export Markets on the Labor markets,
Farm yields, Sales prices and incomes in Kenya. Land use policy, 88(104168), 1-13. doi:
10.1016/j.landusepol.2019.104168

Amin, M. E. (2005). Social science research: conception, methodology, and analysis (Print
booked.). Kampala, Uganda: Makerere University

Anang, B. T., Bdckman, S., & Sipildinen, T. (2019). Adoption and income effects of agricultural
extension in northern Ghana. Scientific African, e00219. doi: 10.1016/j.sciaf.
2019.e00219.

Auldist, M. J., Marett, L. C., Greenwood, J. S., Hannah, M., Jacobs, J. L., & Wales, W. J. (2013).
Effects of different Strategies for feeding supplements on milk production responses in
cows grazing a restricted pasture allowance. Journal of Dairy Science, 96(2), 1218-1231.
doi:10.3168/jds.2012-6079.

Auma, J., Kidoido, M., Rao, J., & Kariuki, E. (2016). Report of the baseline survey in western and
eastern Kenya, August 2016. Feed the Future Kenya Accelerated Livestock Value Chain
Development- Dairy Component (AVCD-Dairy), Kenya. Nairobi, Kenya: ILRI.

Auma, Joseph. (2018). Dairy Compound feed and Fodder value chain analysis

Ashley, K., Young, J. R., Sotheoun, S., Windsor, P. A., & Bush, R. D. (July 2014). Socio-economic
impact of improved forage availability and Animal health knowledge on cattle production
systems in Cambodia. 28th World Buiatrics Congress (pp. 24-25). Cairns: Mekong
Livestock Research.

Ashley, K., Young, J. R., Kea, P., Suon, S., Windsor, A. P., & Bush, R. D. (2018). Socioeconomic
impact of forage-technology adoption by smallholder cattle farmers in Cambodia. Animal

Production Science, 58, 393-402. doi:10.1071/AN16164

56



Awotide, B. A., Karimov, A. A., & Diagne, A. (2016). Agricultural technology adoption,
commercialization, and smallholder rice farmers' welfare in rural Nigeria. Agricultural
and Food Economics, 4(1), 1-24.

Ayuya, O. I, Kenneth, W. S., & Eric, G. O. (2012). Multinomial logit analysis of small-scale
farmers' choice of organic soil management practices in Bungoma county, Kenya. Current
Research Journal of Social Sciences, 4(4), 314-322.

Balehegn, M., Duncan, A., Tolera, A., Ayantunde, A. A., Issa, S., Karimou, M., ... & Adesogan,
A. T. (2020). Improving adoption of technologies and interventions for increasing supply
of quality livestock feed in low-and middle-income countries. Global Food Security, 26,
100372.

Baltenweck, 1., Banerjee, R., & Omondi, I. (2018). Leveraging Development Programs —
Livestock Research. International Livestock Research Institute. Nairobi, Kenya: Elsevier
Inc.

Baltenweck, 1., Cherney, D., Duncan, A., Eldermire, E., Lwoga, E. T., Labarta, R., . . . Teufel, N.
(2020). A scoping review of feed interventions and livelihoods of small-scale livestock
keepers. Nature Plants, 6(10), 1242-1249.

Baumgart-Getz, A., Prokopy, L. S., & Floress, K. (2012). Why farmers adopt best management
practice in the United States: A meta-analysis of the adoption literature. Journal of
Environmental Management, 96(1), 17-25. DOI: 10.1016/j.jenvman.2011.10.006

Bashe, A., Bassa, Z., & Tyohannis, S. (2018). The determinants of probability in improved forage
technology adoption in Wolaita zone: The case of Sodo Zuria district, Southern Nations
and Nationalities Peoples state of Ethiopia. Open Access Journal of Science, 2(4), 228-

231.

57



Benimana, G. U., Ritho, C., & Irungu, P. (2021). Assessment of factors affecting the decision of
smallholder farmers to use alternative maize storage technologies in Gatsibo. Heliyon, 7,
1-8.

Beshir, H. (2014). Factors affecting the adoption and intensity of use of improved forages in North
East Highlands of Ethiopia. Journal of Experimental Agriculture International, 12-27.

Bii, K. E., Langat, J. K., & Anyango, O. J. (2017). Effect of Delivering Milk to Cooling Plants on
Household income among Smallholder Dairy Farmers in Sotik Sub-County, Kenya.
Journal of Natural Sciences, 7(18), 9-17.

Bosire, C. K., Rao, E. J., Muchenje, V., Van Wijk, M., Ogutu, J. O., Mekonnen, M. M., . . .
Hammond, J. (2019). Adaptation opportunities for smallholder dairy farmers facing
resource scarcity: Integrated livestock, water and land management. Agriculture,
Ecosystems and Environment, 284(106592), 1-11.

Candemir, A., Davuleix, S., & Latruffe, L. (2021). Agricultural Cooperatives and Farm
Sustainability - A Literature Review. Journal of Economic Surveys, 35(4), 1118-1144.

Cascetta, E., & Papola, A. (2001). Random Utility Models with Implicit availability/perception of
choice alternatives for the simulation of travel demand. Transportation Research Part C,
249-263.

Certo, S. T., Busenbark, J. R., Woo, H.-S., & Semadeni, M. (2016). Sample Selection Bias and
Heckman Models in Strategic Management Research. Strategic Management Journal,
2639-2657.

CIDP. (2018-2022). County Integrated Development plan 2018-2022. Bomet: County
Government of Bomet.

Creemers, J. J. H. M., & Aranguiz, A. A. (2019). Quick Scan of Kenya’s Forage Sub-Sector:

Netherlands East African Dairy Partnership (NEADAP) Working Paper.

58



Creswell, L. (2009). Research methods, quantitative and qualitative approaches, Nairobi Kenya
African Centre for Technology.

Danso-Abbeam, G., Bosiako, A. J., Ehiakpor, D. S., & Mabe, F. N. (2017). Adoption of improved
maize variety among farm households in the northern region of Ghana. Cogent
Economics & Finance, 5(1416896), 1-14.

Danso-Abbeam, G., Ehiakpor, D. S., & Aidoo, R. (2018). Agricultural extension and its effects
on-farm productivity and income: insight from Northern Ghana. Agriculture & Food
Security, 7(1). doi:10.1186/s40066-018-0225-x.

Donkoh, S. A., Azumah, S. B., & Awuni, J. A. (2019). Adoption of Improved Agricultural
Technologies among Rice Farmers in Ghana: A multivariate Probit Approach. Ghana
Journal of Development Studies, 16(1), 46-67. doi:10.4314/gjds. v16i1.3

Doyle, J. K. (2014). Face-to-Face Surveys. Wiley StatsRef: Statistics Reference Online.
doi:10.1002/9781118445112.stat06686.

Eakins, J. (2016). An application of the double hurdle model to petrol and diesel household
expenditures in Ireland. Transport Policy, 47, 84-93. doi: 10.1016/j.tranpol.2016.01.005

FAO. (2012). Balanced feeding for improving livestock productivity- Increase in milk production
and Nutrient use efficiency and decrease in methane emission. Rome, Italy: M.R, Garg.
FAO Animal production and health paper.

FAO. (2018). Dairy Market Review. Rome, Italy: Food and Agriculture Organization of the United
Nations.

FAOQ. (2020). Dairy Market Review: Emerging trends and outlook, December 2020. Rome.

FAO. (2021). FAOSTAT. Retrieved from FAOSTAT Database:
http://www.fao.org/faostat/en/data/QL

FAO. (2022). Dairy Market Review: Emerging trends and outlook 2022. Rome: Food and
Agriculture organization of the United Nations.

59


http://www.fao.org/faostat/en/data/QL

Franzel, S., Carsan, S., Lukuyu, B., Sinja, J., & Wambugu, C. (2014). Fodder trees for improving
livestock productivity and smallholder livelihoods in Africa. Current Opinion in
Environmental Sustainability, 6, 98-103.

Gebreselassie, L. (2019). Review on determinants for adoption of Improved Forages in Ethiopia.
Journal of Scientific & Innovative Research, 8(4), 112-115.

Gesare Timu, A., Mulwa, R., Okello, J. J., & Kamau, M. W. (2013). The Role of Varietal
Attributes on Adoption of Improved Seed Varieties. The Case of Sorghum in Kenya (No.
309-2016-5307).

GOK (Government of Kenya). (2017). Co-operative Development Policy:“Promoting Co-
operative Enterprises for Industrialization”. Nairobi: Ministry of Industry, Trade, and Co-
operatives.

Greene, W. H. (2002). Econometric Analysis (Fifth Edition ed.). Upper Saddle River, New Jersey
07458: Prentice-Hall.

Guijarati, D. (2008). N. (2003). Basic Econometrics. New York: MeGraw-Hill, 363-369.

Guijarati, D. N., & Porter, D. C. (2010). Essentials of econometrics (Vol. 4th, International).

Habtu, N. D., Kidanemariam, G., & Jemal, A. (2014). Impact of Agricultural Extension on
Households Income Diversification: Case from Northern Ethiopia. International Research
Journal, 3(3), 65-77.

Heckman, J. J. (1976). The common structure of statistical models of truncation, sample selection
and limited dependent variables and a simple estimator for such models. In Annals of
economic and social measurement, volume 5, number 4 (pp. 475-492). NBER.

Herrero M, Havlik P, Valin H, Notenbaert A, Rufino MC, Thornton PK, Blummel M, Weiss F,
Grace D, Obersteiner M (2013) Biomass use, production, feed efficiencies, and

greenhouse gas emissions from global livestock systems. Proc Natl Acad Sci (PNAS)

110(52): 20888-20893. https://doi.org/10.1073/pnas.1308149110

60


https://doi.org/10.1073/pnas.1308149110

ILRI. (2018). ILRI corporate report 2016-2017. Nairobi, Kenya: International Livestock Research
Institute.

Jerop, R., Dannenberg, P., Owuor, G., Mshenga, P., Kimurto, P., Willlkomm, M., & Hartmann,
G. (2018, September 6). Factors Affecting the Adoption of Agricultural Innovations on
Underutilized cereals: The case of finger millet among smallholder farmers in Kenya.
African Journal of Agricultural Research, 13(36), 1888-1900.

Kansiime, M. K., Wambugu, S. K., & Shisanya, C. A. (2014). Determinants of farmers’ decisions
to adopt adaptation technologies in Eastern Uganda. Journal of Economics and
Sustainable Development, 5(3), 189-199.

Kanyenji, G. M., Oluoch-Kosura, W., Onyango, C. M., & Karanja Ng'ang'a, S. (2020). Prospects
and constraints in smallholder farmers' adoption of multiple soil carbon enhancing
practices in Western Kenya. Heliyon, 6(3), e03226.

Kashongwe, O. B., Bebe, B. O., Matofari, J. W., & Huelsebusch, C. G. (2017). Effects of feeding
practices on milk yield and composition in peri-urban and rural smallholder dairy cow
and pastoral camel herds in Kenya. Tropical Animal Health Production, 1-7.

Kassie, M., Teklewold, H., Jaleta, M., Marenya, P., & Erenstein, O. (2015). Understanding the
adoption of a portfolio of sustainable intensification practices in eastern and southern
Africa. Land use policy, 42, 400-411.

Kebebe, E. G. (2017). Household nutrition and income impacts of using dairy technologies in
mixed crop-livestock production systems. Australian Journal of Agricultural and
Resource Economics, 626-644. doi:10.1111/1467-8489.12223

Kilelu, C. W., Koge, J., Kabuga, C., & van der Lee, J. (2018). Performance of Emerging dairy
services agri-enterprises: a case study of youth-led service provider enterprises (SPE). 3R

Research report 001/WLR Report 1094. Wageningen: Wageningen Livestock Research.

61



Kiptot, E., Franzel, S., Sinja, J., & Nang'ole, E. (2015). Preferences and adoption of livestock feed
practices among farmers in dairy management groups in Kenya. Nairobi: World
Agroforestry centre. doi: 10.5716/WP15675.PDF

KNBS. (2019). Kenya Population and Housing Census VVolume I: Population by County and Sub-
County. Nairobi: Government of Kenya.

Kothari, C. R. (2004). Research methodology: Methods and techniques. New Age International.

Lukuyu, M. N., Gibson, J. P., Savage, D. B., Rao, E. J., Ndiwa, N., & Duncan, A. J. (2019).
Farmers' perception of dairy cattle breeds, breeding and feeding strategies; A case of
smallholder dairy farmers in Western Kenya. East African Agricultural and Forestry
Journal, 83(4), 351-367.

Mabe, F. N., Ehiakpor, D. S., Adam, B., & Dumasi, D. E. (2018). Determinants of adoption of
improved rice varieties: effects on output in Volta region.

MacLeod, N., Waldron, S., & Shi-lin, W. (2015). A comprehensive approach for assessing the
economics of forage and livestock improvement options to smallholder enterprises.
Journal of Integrative Agriculture, 14(8), 1573-1580.

Maina, K. W., Ritho, C. N., Lukuyu, B. A., & Rao, E. J. O. (2020). Socio-economic determinants
and impact of adopting climate-smart Brachiaria grass among dairy farmers in Eastern
and Western regions of Kenya. Heliyon, 6(6), e04335.

Makau, D. N., VanLeeuwen, J. A., Gitau, G. K., McKenna, S. L., Walton, C., Muraya, J., &
Wichtel, J. J. (2020). Effects of Calliandra and Sesbania on daily milk production in dairy
cows on commercial smallholder farms in Kenya. Veterinary medicine international,
2020.

Maleko, D., Msalya, G., Mwilawa, A. J., Pasape, L., & Mtei, K. (2016). Overview of Feed

Resources Condition and Feeding Practices among The Smallholder Dairy Farmers in

62



Tanzania. Fifth RUFORUM Biennial Regional Conference. 14, pp. 827-832. Cape Town,
South Africa: RUFORUM.org.

Manjon, M., & Martinez, O. (2014). The chi-squared goodness-of-fit test for count-data models.
The Stata Journal, 14(4), 798-816.

Marwa, M. E., Mburu, J., Elizaphan, R., Oburu, J., Mwali, O., & Kahumbu, S. (2020). Impact of
ICT-based extension services on dairy production and household welfare: the case of
iCow service in Kenya. J. Agric. Sci, 12(3), 1-12.

Millimet, D. L., & Tchernis, R. (2013). Estimation of treatment effects without an exclusion
restriction: With an application to the analysis of the school breakfast program. Journal
of Applied Econometrics, 28(6), 982-1017.

MOALF (Ministry of Agriculture, L. a. (2014). Bomet County Household baseline survey report
volume 1: Agricultural sector development support program (ASDSP). Bomet County:
Government of Kenya.

MoALF. (2019). Draft National Livestock Policy. State Department for Livestock. Kenya:
Ministry of Agriculture, Livestock, Fisheries and Irrigation.

Moscati, A. (2016). How Economist came to accept Expected Utility Theory: The case of
Samuelson and Savage. Journal of Economic Perspectives, 30(2), 219-236.

Muoni, T., Barnes, A. P., Oborn, I., Watson, A. C., Bergkvist, G., Shiluli, M., & Duncan, A. J.
(2019). Farmer perceptions of legumes and their functions in smallholder farming
systems in East Africa. International Journal of Agricultural Sustainability, 17(3), 205-
218.

Muraya, J., VanLeeuwen, J. A., Gitau, G. K., Wichtel, J. J., Makau, D. N., Crane, M. B., ... &
Tsuma, V. T. (2018). A cross-sectional study of productive and reproductive traits of
dairy cattle in smallholder farms in Meru, Kenya. Livestock Research for Rural

Development, 30(171).

63



Mwendia, S. W., Ohmstedt, U., & Peters, M. (2020). Forage seed systems in Kenya-2020 report.

Ndah, H. T., Schuler, J., Nkwain, V. N., Nzogela, B., Mangesho, W. E., Mollel, R., ... & Paul, B.
K. (2017). Factors affecting the adoption of forage technologies in smallholder dairy
production systems in Lushoto, Tanzania.

Ndwiga, B. W., Arunga, E. E., & Ngetich, F. K. (2019). Economic Assessment of Napier Grass
Production Using Different Fertilizer Combinations Under Smallholder Farming
conditions in the Central Highlands of Kenya. International Journal of Plant & Soil
Science, 29(5), 1-6.

Njarui, D., Gichangi, E., Gatheru, M., Nyambati, E., Ondiko, C., Njunie, M., ... & Ayako, W.
(2016). A comparative analysis of livestock farming in smallholder mixed crop-livestock
systems in Kenya: 1. Livestock inventory and management. Development, 28(4).

Njarui, D. M., Gatheru, M., Gichangi, E. M., Nyambati, E. M., Ondiko, C. N., & Ndungu-Magiroi,
K. W. (2017). Determinants of forage adoption and production niches among smallholder
farmers in Kenya. African Journal of Range & Forage Science, 34(3), 157-166.

Njarui, D. M., Gatheru, M., Ndubi, J. M., Gichangi, A. W., & Murage, W. A. (2021). Forage
diversity and fertilizer adoption in Nappier grass production among Smallholder farmers
in Kenya. Journal of Agriculture and Rural Development in the Tropics and Subtropics,
122(2), 245-256. doi:10.17170/kobra-202110274962

Ngeno, V. (2018). Impact of dairy hubs on smallholder welfare: empirical evidence from Kenya.
Agricultural and Food Economics, 6(1), 1-12.

Nguyen-Van, P., Poiraud, C., & To-The, N. (2017). Modeling farmers’ decisions on tea varieties
in Vietnam: a multinomial logit analysis. Agricultural economics, 48(3), 291-299.

Odero-Waitituh, J. A. (2017). Smallholder dairy production in Kenya; a review. Livestock

Research for Rural Development. Volume 29, Article #139. Retrieved July 31, 2020, from

http://www.Irrd.org/lrrd29/7/atiw29139.html.

64


http://www.lrrd.org/lrrd29/7/atiw29139.html

OECD/FAOQ (2020), OECD-FAOQ Agricultural Outlook 2020-2029, OECD Publishing, Paris/FAO,
Rome, https://doi.org/10.1787/1112c23b-en.

Odhong, C., Wassie, S., van Dijk, S., & Wilkes, A. (2020). The impact of COVID-19 on low-
emission dairy development in Kenya: Findings from a rapid scoping study.

Ogada, M. J., Mwabu, G., & Muchai, D. (2014). Farm technology adoption in Kenya:
simultaneous estimation of inorganic fertilizer and improved maize variety adoption
decisions. Agricultural and food economics, 2(1), 1-18.

Okello, D., Owuor, G., Larochelle, C., Gathungu, E., & Mshenga, P. (2021). Determinants of
Utilization of Agricultural Technologies among Smallholder Dairy Farmers in Kenya.
Journal of Agriculture and Food Research, 6(100213), 1-11.

Okello, G. O., Ngode, L., & Saina, E. (2019). Social factors affecting adoption of zero-grazing
dairy farming technology among smallholder farmers in Bondo Sub-County, Kena.
International Journal of Agricultural Extension and Rural Development Studies, 6(5), 44-
74.

Otieno, Z., Okello, J. J., Nyikal, R., Mwang'ombe, A., & Clavel, D. (2011). The role of varietal
traits in the adoption of improved dryland crop varieties: The case of pigeon pea in Kenya.
African Journal of Agricultural and Resource Economics, 6(311-2016-5587).

Owoo, N., Lambon-Quayefio, M., Davalos, J., & Manu, S. (2017). An Empirical Assessment of
the Union'Facilitation Effect'in the Ghanaian Labor Market. Partnership for Economic
Policy Working Paper, (2017-08).

Oyekale, A. S. (2013). Factors Explaining Dairy Cattle Adoption Behavior among Smallholder
Farmers in Kenya. Asian Journal of Animal and Veterinary Advances, 8(7), 893-903.

Pan, Y., Smith, S. C., & Sulaiman, M. (2018). Agricultural extension and technology adoption for
food security: Evidence from Uganda. American Journal of Agricultural Economics,

100(4), 1012-1031.

65



Paul, B. K., Groot, J. C., Maass, B. L., Notenbaert, M. A., Herrero, M., & Tittonell, P. A. (2020).
Improved feeding and forages at a crossroads: Farming systems approach for sustainable
livestock development in East Africa. Oulook on Agriculture, 49(1).

Rademaker, C. J., Bebe, B. O., Van Der Leg, J., Kilelu, C., & Tonui, C. (2016). Sustainable growth
of the Kenyan dairy sector: a quick scan of robustness, reliability, and resilience (No.
979). Wageningen University & Research, Wageningen Livestock Research.

Richards, S., VanLeeuwen, J., Shepelo, G., Gitau, G. K., Kamunde, C., Uehlinger, F., & Wichtel,
J. (2015). Association of farm management practices with annual milk sales on small
dairy farms in Kenya. Veterinary World, 8(1), 88-96.

Salo, S., Tadesse, G., & Haylemeskel , D. (2017). Survey on Constraints of Improved Forage
Adoption in Anelemo Woreda, Hadiya Zone, Ethiopia. Agricultural Research &
Technology: Open Access Journal, 12(2), 0032-0039.
doi:10.19080/ARTOAJ.2017.12.555839.

Simbarashe, K., Baloyi, J. J., Nherera-Chokuda, F., Ngongoni, N. T., & Matope, G. (2015). Rumen
degradability of desmodium uncunatum, Mucuna Pruriens and Vigna unguiculata forage
legumes using the in vitro Daisy technique. African Journal of Agricultural Research,
10(12), 1386-1391.

Singh, A. S., & Masuku, M. B. (2014). Sampling Techniques and Determination of Sample size
in Applied Statistics Research: An Overview. International Journal of Economics,
Commerce and Management. United Kingdom, 2(11), 1-22.

SNV. (2013). Study on the Kenyan Animal feed and fodder sub-sectors. Sub-report Ill: Kenya
feed industry policy and regulatory issues. Nairobi. Kenya: Kenya Netherlands
Development Organisation.

Tegemeo. (2016). Report of a study on Assessing the cost of production structures in Dairy systems

in Kenya. Nakuru: Tegemeo Institute of Agricultural Policy and Development.

66



Tegemeo. (2021). Report on a study on Cost of Milk Production in Kenya. Nairobi, Kenya:
Tegemeo Institute of Agricultural Policy and Development, Egerton University.

Teklay, Y., & Teklay, Z. (2015). Assessment on Farmers’ Willingness to Adopt Improved Forage
Production in South Tigray, Ethiopia. Assessment, 6(15).

Teklewold, H., Kassie, M., & Shiferaw, B. (2013). Adoption of multiple sustainable agricultural
practices in rural Ethiopia. Journal of agricultural economics, 64(3), 597-623.

Thongoh, M. W., Mutembei, H. M., Mburu, J., & Kalhambi, B. E. (2021). Evaluating Knowledge,
Attitudes and Practices of Livestock Value Chain Actors on Climate Smart
Agriculture/Livestock (CSA/L) in Kajiado County, Kenya. Asian Journal of Agricultural
Extension, Economics and Sociology, 39(4), 134-148.

Thuo, M. W., Bravo-Ureta, B. E., Obeng-Asiedu, K., & Hathie, I. (2014). The adoption of
agricultural inputs by smallholder farmers: The case of improved groundnut seed and
chemical fertilizer in the Senegalese Groundnut Basin. The Journal of Developing Areas,
61-82.

Turinawe, A., Mugisha, J., & Kabirizi, J. (2012). Socio-economic evaluation of improved forage
technologies in smallholder dairy cattle farming systems in Uganda. Journal of
Agricultural Science, 4(3), 163.

Rademaker, C. J., Bebe, B. O., Van Der Leg, J., Kilelu, C., & Tonui, C. (2016). Sustainable growth
of the Kenyan dairy sector: a quick scan of robustness, reliability, and resilience (No.
979). Wageningen University & Research, Wageningen Livestock Research.

Vernooij, D. M. (2016). The Kenyan dairy value chain: Promoting inclusive and climate-smart
dairy production (Master's thesis).

Wairimu, E., Mburu, J., Gachuiri, C. K., & Ndambi, A. (2021). Characterization of dairy
innovations in selected milksheds in Kenya using a categorical principal component

analysis. Tropical animal health and production, 53(2), 1-12.

67



Wooldridge, J. M. (2012). Introductory Econometrics (Fifth edition ed.). Michigan: South-
Western.

Yari, M., Valizadeh, R., Naserian, A. A., Ghorbani, G. R., Moghaddam, P. R., Jonker, A., & Yu,
P. (2012). Botanical traits, protein and carbohydrate fractions, ruminal degradability and
energy contents of alfalfa hay harvested at three stages of maturity and in the afternoon
and morning. Animal feed science and technology, 172(3-4), 162-170.

Yirga, C., Atnafe, Y., & AwHassan, A. (2015). A multivariate analysis of factors affecting
adoption of improved varieties of multiple crops: A case study from Ethiopian highlands.

Ethiopian Journal of Agricultural Sciences, 25(2), 29-45.

68



APPENDICES

Appendix 1: Pairwise correlation and VIF

. vif
Variable VIF 1/VIF
1nmilkpdn 1.39 0.715%0&6
expdairy 1.35 0.738590
educ 1.35 0.741794
farmsize 1.34 0.745080
gen 1.25 0.7598341
nolactingc~s 1.16 0.860022
iftbenefit 1.15 0.8681e3
offfarminc 1.14 0.874300
accessextn 1.14 0.878918
info 1.13 0.885032
mbrshipcop 1.12 0.390543
distmkt 1.10 0.908215
acsscrdt 1.09 0.5915503
breedtype 1.03 0.59659359
Mean VIF 1.20
adoptl~e gen educ lnmilk~n expdairy farmsize nolact~s
adoptlegume 1.0000
gen 0.318% 1.0000
educ 0.1250 -0.0&43 1.0000
1nmilkpdn 0.3438 0.0857 0.2560 1.0000
expdairy 0.0306 0.156% -0.2989 0.0447 1.0000
farmsize 0.1787 0.1915 0.0%902 0.3965 0.2631 1.0000
nolactingc~s 0.2431 0.3040 -0.025% 0.1224 0.0470 0.0155 1.0000
breedtype 0.0017 0.062%9 0.0746 0.0233 0.0255 -0.0103 0.0211
offfarminc 0.0268 0.0210 -0.111% -0.05%4 0.2874 0.0327 0.0264
iftbenefit 0.1250 0.1064 -0.1547 0.0342 0.1471 0.0383 -0.0163
mbrshipcop 0.1366 -0.0560 0.0708 -0.1671 -0.0654 -0.1363 -0.02386
acsscrdt -0.0478 0.0464 -0.1405 -0.1378 0.0%38 -0.0177 0.0315
accessextn -0.343% -0.3173 0.0574 -0.0327 -0.1248 -0.084% -0.181%
distmkt -0.0380 0.0748 -0.0413 0.1930 0.0369 0.1281 0.024%9
info 0.1241 0.0057 0.1088 0.1625 0.0%930 0.1430 -0.01%1
breedt~e offfar~c iftben~t mbrshi~p acsscrdt access~n distmkt
breedtype 1.0000
offfarminc 0.0323 1.0000
iftbenefit 0.0853 0.1438%9 1.0000
mbrshipcop 0.1017 0.0075 0.0808 1.0000
acsscrdt -0.0348 0.0485 0.1136 -0.0341 1.0000
accessextn 0.0541 0.0750 0.0548 0.0621 0.0285 1.0000
distmkt -0.012% -0.038% 0.0527 -0.1548 -0.04%0 0.018% 1.0000
info -0.0583 0.1438%9 0.1363 -0.0€682 -0.047% 0.0002 0.0385
info
info 1.0000
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Appendix 2: Pairwise correlation coefficients of error term of the adoption equation

Technology Desmodium Lucerne Sesbania Sesban  Calliandra
Desmodium 1

Lucerne 0.390*** 1

Sesbania Sesbhan 0.268™* 0.327"* 1

Calliandra 0.301* 0.273™* 0.337* 1

Note: p>0.1=x, p>0.05= **, p>0.01=xx*x*

Source: Own survey data 2021.
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Appendix 3: Results of multivariate Probit

Multivariate probit (SML, # draws = 5) Number of obs = 244
Wald chiZ2 (48) = 800.31
Log pseudolikelihood = -195.81904 Prob > chi2 = 0.0000
Robust
Coef. Std. Err. z Px|z| [95% Conf. Interwvall]
desmosdium

gen .6829963 .2460243 2.78 0.006 .2007975 1.165195
educ .0228158 .0233191 0.98 0.328 -.0228887 .0685203
expdairy .0053037 .0084683 0.63 0.531 -.0112938 .0219013
farmsize .0217535 .0186455 1.17 0.243 -.014791 .0582979
nolactingcows -.1186665 .0771384 -1.54 0.124 -.2698551 .0325221
breedtype .062751 .2666261 0.24 0.814 -.45982¢60 .5853285
offfarminc .1074217 L2771273 0.39 0.698 -.4357378 .6505812
iftbenefit .1315071 .4029418 0.33 0.744 -.6582443 .9212585
mbrshipcop .4193142 .2830829 1.48 0.13% -.1355181 .9741465
acsscrdt .0938741 .2290579 0.41 0.682 -.3550711 .5428192
acssextn .134915 .3265298 0.41 0.679 -.5050717 LTT749017
distmkt .1211192 .0605421 2.00 0.045 .0024589 .23977%¢6
_cons -4.214457 1.030012 -4.09 0.000 -6.233242 -2.195672

lucerne
gen .3002183 .29895¢64 1.00 0.315 -.285725¢6 .8861621
educ .0859102 .0231498 3.71 0.000 .0405375 .1312829
expdairy .0269262 .0070301 3.83 0.000 .0131474 .040705
farmsize -.0359872 .0151174 -2.38 0.017 -.06560169 -.0063576
nolactingcows .0493301 .070458 0.70 0.424 -.088765 .1874252
breedtype -.8062217 .2394043 -3.37 0.001 -1.27544¢ -.3369979
offfarminc .4025489 .3916151 1.03 0.304 -.3650025 1.1701
iftbenefit -2.544581 .5024661 -5.00 0.000 -3.541157 -1.548006
mbrshipcop .6210609 .3365079 1.85 0.065 -.0324824 1.280604
acsscrdt .0662578 .2551698 0.26 0.795 -.4338¢658 .5663813
acssextn .1881213 .441029¢6 0.43 0.670 -.6762809 1.052523
distmkt -.0197072 .0819459 -0.24 0.810 -.1803181 .1409038
_cons -2.257709 1.108251 -2.04 0.042 -4.429841 -.0855771

seshania
gen .021p244 .2814158 0.08 0.93% -.5298804 .5732492
educ .0571911 .0335724 1.70 0.088 -.00860%96 .1229919
expdairy .0119039 .0094549 1.26 0.208 -.0066275 .0304352
farmsize .0432241 .021044 2.05 0.040 .0019787 .0844¢59¢
nolactingcows -.2424172 .1081931 -2.24 0.025 -.4544718 -.0303625
breedtype -.4410766 .3374903 -1.3 0.191 -1.102545 .2203924
offfarminc -.392541¢ .24198% -1.62 0.105 -.8668313 .0817482
iftbenefit -3.051358 .4021708 -7.5% 0.000 -3.839598 -2.263118
mbrshipcop -.5981758 .2869725 -2.08 0.037 -1.160631 -.0357201
acsscrdt .1469394 .238888 0.62 0.538 -.3212724 .6151513
acssextn .9262769 .3358882 2.76 0.006 .2679482 1.584606
distmkt .0932992 .0643459 1.45 0.147 -.0328163 .2194148
_cons .9811043 1.122438 0.87 0.382 -1.218834 3.181043
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caliandra

gen -.0361028 .2395128 -0.15 0.880 -.5055392 .4333336
educ -.0145082 .0315093 -0.46 0.645 -.0762653 .047249
expdairy .0010751 .0082712 0.13 0.897 -.0151363 .0172864
farmsize .038071 .0134277 2.84 0.005 .0117533 .0643888
nolactingcows -.1041691 .0719597 -1.45 0.148 -.2452075 .0368694
breedtype .6455274 .3131469 2.06 0.039 .0317708 1.259284
offfarminc .3662517 .318863 1.15 0.251 -.2587083 .9912118
iftbenefit -3.186932 .4519388 -7.05 0.000 -4.072716 -2.301148
mbrshipcop -.1504403 .245678 -0.61 0.540 -.6319603 .3310797
acsscrdt .2290494 .2347153 0.98 0.329 -.2309841 .6890828
acssextn .7970554 L4147842 1.92 0.055 -.0159067 1.610018
distmkt .0520136 .0528162 0.98 0.325 -.0515042 .1555314
_cons -1.104756 1.355127 -0.82 0.415 -3.760757 1.551244
/atrho2l 1.719013 .3662964 4.69 0.000 1.001085 2.436941
/atrho31l .6800236 .2292683 2.97 0.003 .230666 1.129381
/atrhodl .7459581 .1483445 5.03 0.000 .4552083 1.036708
/atrho32 .5768275 .1964245 2.94 0.003 .1918425 .9618125
/atrhod?2 .5842145 .1813673 3.22 0.001 .228741 .939688
/atrho43 .9873298 .3346438 2.95 0.003 .33144 1.64322
rho21 .9377441 .0441885 21.22 0.000 .7620497 .9848287
rho31 .5915348 .1490443 3.97 0.000 .2266602 .8108074
rho4dl .6327314 .0889549 7.11 0.000 .4261708 .7765847
rho32 .5203558 .1432386 3.63 0.000 .1895232 .7450842
rho42 .5257219 .1312404 4.01 0.000 .2248334 .7350789
rho43 .7562215 .1432708 5.28 0.000 .3198141 .9279213
Likelihood ratio test of rho2l = rho31 = rho4l = rho32 = rhod42 = rho43 = 0:
chi2 (6) = 60.0439 Prob > chi?2 0.0000
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Appendix 4: Results of endogenous treatment regression model

Linear regression with endogenous treatment Number of obs 185
Estimator: maximum likelihood Wald chiz2(12) = 35.13
Log pseudolikelihood = -304.76675 Prob > chi2 0.0000
Robust
Coef. S5td. Err. z Px|z| [95% Conf. Interwal]
logincome

expdairy -.0017815 . 0056246 -0.32 0.751 —.0128055 .0092425
educ .0134017 L0156%2 0.85 0.393 —.0173541 .0441575
farmsize .018935 .0091064 2.08 0.038 .0010868 .0367833
nodairycows .0326108 0195746 1.87 0.096 -.005754%9 .070976
breedtype -.0%943328 1686317 -0.56 0.576 -.42435%4%9 .2361293
mbrshipocop .5878435 .14333849 4,10 0.000 .3068142 .86388728
acsscrdt .0759143 .1218637 0.62 0.533 -.1625337 .3147633
accessextn .1452747 .1538113 0.97 0.332 -.1521%8 .45073583
training .4388366 .1931746 2.53 0.011 .1102213 .8674518
owntrans .1314798 11711289 1.55 0.121 -.0480572 .4110168
infodairy .0620374 . 1248005 0.50 0.619 -.1825671 .3066418
1.adoptlegume 1.270001 .2347%6 5.41 0.000 .B09305%6 1.730153
_cons g.702812 . 7285178 11.85 0.000 7.275044 10.13078

adoptlegume
gen 1.249341 .2271089 5.50 0.000 .8042161 1.694467
expdairy .0003732 .005%8511 0.04 0.970 -.01%013 .0197553
educ .024204 .02755588 0.88 0.380 -.0288123 .0782204
farmsize -.0225679 .019764 -1.14 0.254 -.0613046 .0161688
1nmilkpdn .3257558 . 1695233 1.92 0.055 -.0072838 . 6588033
nolactingcows .0307835 .0635871 0.48 0.628 -.0%83835 .155422
breedtype .97976 .2416461 4.05 0.000 .5061423 1.453378
offfarminc .4915094 .2385654 1.70 0.08% -.0740762 1.057085
iftbenefit -.4541713 . 43763594 -1.04 0.299 -1.311%929 .40358€62
mbrshipcop -.421€60%9 .2515144 -1.68 0.094 —-.914£201 .0712582
training -.4182573 .41645878 -1.00 0.315 -1.234578 .3530634
infodairy -.3354837 .2269046 -1.70 0.089 —-.8302085 .0592411
accessextn -.3360454 .2610975 -1.48 0.13% -.8877871 1256964
distmkt -.2042036 078706 -2.59 0.009 —.3584646 -.0499427
_cons -1.639763 1.341663 -0.89 0.373 -5.249357 1.969831
fathrho -.5511636 1376621 -2.594 0.003 -.59185745 -.133352¢
/1lnsigma -.1915265 .0542851 -3.53 0.000 -.2979234 —-.0851296
rho -.5013918 .140485 -.7254119 -.1813252
sigma .B8256577 .0448231 .7423582 .5183532
lambda -.413588 1264143 —.661TEEE -.16€2306
Wald test of indep. egns. (rho = 0): chi2z(l) = 8.63 Prob > chi2 = 0.0033
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Appendix 5: Household survey questionnaire

University of Nairobi

Assessment of the Adoption of improved forage technologies and its effect on household
income.

A person eligible for this interview should be a farmer keeping 5-10 dairy cows in zero and semi-
zero grazing system. Head of household or persons in a position to make decision on a farming
activities is eligible for interview

Seeking consent

Thank you for your time. We are researching on a topic and we would like to interview you. The
reason for the interview is to get insight on adoption of forage technologies in Bomet County. You
have been randomly selected for this interview to give us your insight and your contribution is
voluntary and will highly help in making this endeavour a success. Your responses plus the other
respondents will strictly be used for academic purposes to help policy makers to come up with
innovative ways to reduce barriers of access to IFTs. The information gotten from you will be kept
confidential. The interview will approximately take one hour to finish.

| now request your permission to begin the interview.

Thank you

1. County

2. Sub-Country

3. Village

3. Enumerators’ code

5. Date of interview (DD/MM/YYYY)
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SECTION A. HOUSEHOLD AND DEMOGRAPHIC DATA
A.1. Provide the following details about the household head

Interview only household head or person in position to make decision on farm related activities:

Age of the respondent (number)

Highest level of education of the

respondent (codes)

Marital status of the respondent

(codes)

Give number of family members

(including infants and children)
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A.2. Land tenure / Land use

2.1. Give the following information on land use/tenure

Total farm size or | Status of | Total land | Total land rent Rent Amount in
land area (codes) | land own (number) Kshs
(codes) (number)

2.2. How much land is allocated to each of the following?

Homestead (codes) Crops (codes) Forage Production (codes)




A3. Household and dairy assets

3.1. Provide details of asset ownership in the table below

Asset type

Farm tools, Machines and
equipment

Buildings

Communications

Transportation

Assets

Water pump
Wheel barrow
Tractor

Plough

Milking storage
Spraying Knapsack
Baler

Other ( )
Forage sheds

Hay loft

Manure pits
Cattle stalls

Milking rooms

Sheep and Goat farm

Biogas digester
Solar Panels
Others ( )
Telephone
Television

Radio

Other ( )
Motor cycle(Bike)
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Car
Truck
Bicycle
Tricycle
Cart
Other (
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A.4. Household financial resources
4.1 Provide details about source of income in the last 12 months

Sources of Income Rank for the Amount
sources

Income from dairy

Income from all other farm activities(goat keeping,
poultry, bee, forage sale)

Income from off-farm income

4.2. Give details on past and present access to credit in the table below

Access to Main Source of the credit (codes) Main Purpose of credit (codes)
credit (codes)




4.3. provide details of major constraint of access to credit. Select all that

SECTION B. LIVESTOCK INVENTORY & MANAGEMENT

B1: Livestock Inventory
1.1. Give different types of livestock kept in your Farm. Select all that
APPLY .t codes

B2: Livestock Management

2.1. Do you Keep livestock records in your farm?

1. Yes ( ) 2.No( )

2.2. Do you use any kind livestock identification in your farm?

1.Yes( ) 2.No( )

2.1. If yes, give details of the form of livestock record keeping and identification use?
Forms of written record (codes) Forms of livestock identification(codes)
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SECTION C: DAIRY COWS’ MANAGEMENT

C1. Dairy cows’ characteristics and milk production
1.1.How long have you been practicing dairy farming (in years)? -------------
1.2. How many dairy cows do you own (hnumber)?
1.3.Provide details in terms milk production characteristics for all dairy cows in the table below
Dairy cows Daily milk production (liters  Average daily milk
per day production (per day)

Cow1l
Cow 2
Cow 3
Cow 4
Cow5b
Cow 6
Cow 7
Cow 8
Cow 9
Cow 10
Other (specify)

1.4. Did you produce milk in the last one month?
1. Yes( ) 2.No( )

1.5 If yes provide details on milk production in the past one month in the table below
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Milk production Last one month
Daily number of milking cows (n)

Daily milk production (I/day/farm)

Daily milk household self-consumption (l/day/farm)

Total amount of milk in liters sold to cooperative/group per day
(Processor)

Average price per liter (in kshs) for milk sold to others
Amount of milk fed to the calves per day

Amount of milk in liters per day that is given to workers/friends

1.6 do you have plan to increase milk production in your farm (if no jump to 1.8)
1.Yes( ) 2.No ()

1.7. If yes, state the ways of how you plan to do it. Select all that

APPLY et e codes

1.8. state major constraints to increased milk production. Select all that
APPLY . codes

1.9. If no in 1.6 above, give main reasons---




C2. Dairy Cows Feeds and Feeding
2.1.what is the main system of feeding dairy cows in your farm?
feeding system in Rainy season Feeding system in dry season

2.2. Please indicate the inventory of animal feeds available in your farm. Select all that

2.3. Did you grow any kind of forage in the last 12 months?
1. Yes ( ) 2.No( )
2.4. If yes, indicate the forage types, where it is grown and sources of planting material

Forage types (codes) Sources of planting material ~ Where it is grown (codes)
(codes)
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2.5. Do you use fodder trees?

1.Yes( ) 2.No ( )
2.6. State the common fodder tree species use in your farm (Codes). Select all that
aApPly..oeiiiiiiiin

2.7 Did you get any training in forage production technologies in the last one year (tick only that

apply?
1. Yes( ) 2.No ( )

2.8.1f yes, how often do you get training (select only that appl ?

2.9.who provides the training (select all that apply)?

2.10. Do you think use of improved forage technologies help to increase milk production?
1. Yes( ) 2.No( )

2.11. ifnoin 2.3 above, give the major reasons (select all that
APPLY . ?
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2.10. Did you do any forage conservation in the last 12 months?
1.Yes( ) 2.No ( )2
2.11. if yes which one

2.12. Do you use supplementary feeds in your farm?
1.Yes( ) 2.No( )
2.13. If yes, what are the supplementary feeds that you use (select all that appl

2.14. state the average amount of supplements used (in grams).

concentrates Mineral licks Fodder trees

2.15. What is the frequency of supplementary feeding in your farm (select all that
APPIY) 2.

2.16. In the event of an acute household feed shortage what are your immediate responses
(coping strategies). select all that



2.17. Strategies to prevent household feed shortage? (Adaptation strategies). Select all that apply

C3. Dairy Cows’ reproduction

3.1. Between Al, bull and other, which method of serving female cows do you prefer for your
cattle?

Select only that apply

3.2. If Al is use, name the possible sources (codes). Select all that
LY e

C4. Dairy Inputs
4.1. How do you source your inputs and services for your dairy cows?

Inputs and services Model of sourcing inputs Why do you choose this source of
and services (codes) (select | inputs and/or services? (codes)
one) (select one)
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Concentrates &
minerals

Animal health
Atrtificial insemination
Extension

Loans

Other (speci

SECTION D. MARKETING, FARM MILK NETWORK, SOURCES OF
INFORMATION

D1. Milk Marketing

1.1.Did you sell milk in last 12 months? 1. Yes( ) 2.No( )

1.2.1f yes, give more details about fresh milk you sold to different types of buyers in the last 12
months?

Bu|Nu |Ti |Qua |Pric |How |W |Do |Na |Othe |Distanc |Who |Tra |Ti |Cost | Ty
ye |mb |m |ntit |e/Li |is ho |yo |tur |r eto trans |nsp |me |of pe
r ler |e |y ter |price |rec|u |eof|arra |[selling/c |porte|ort |tak|tran |of
ty |of |of |per |(loc |deter|eiv |ha |mil |nge |ollection|d? mo |en |spor |mi
pe |buy|th [day |al |[mine|es |ve |k |ment |point (code |de [in |t Ik
s |ers |e |(Lit [curr|{d? |the|la |pa |(code |(km) ) (cod | mi |(loca | tes
(c |of |da |er) |enc [(cod |mo |for [ym |s) e) |nu |l t
od |this |y y) |es) |ne |ma|ent (ma |tes |curr |(c
es) [typ | (c y? (I (co in ency | od
e? |od (co|co |des mo ) es)
(av |es) des|ntr |) de
era ) |act of
ge) 1 tran
= spo
Ye rt)
S,
0=
No
)
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D2. Farm milk Network
2.1. Do you have any member of the household registered as a member of a dairy co-op or dairy
self-help group or dairy innovative platform (DIP) that collects milk? (If No skip to 2.9)
1.Yes( ) 2.No( )
2.2. If yes, what is the name of the cooperative or group? --------=-=-======mmmmmmmm oo

2.4. 1s the member holding an elected or appointed leadership position? 1. YES () 2. NO(

)
2.5. Is the household currently delivering milk to that co-op or group? 1. YES( )2.NO( )
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2.6. If not currently delivering milk to diary co-ops, please explain why not? ---------------- -
(codes)

1 = Immature 4 = Cows died 7 = Dairy co-op collapsed / not taking
COWSs 5 = Selling milk elsewhere at a milk any more
2 = Dry cows better price 8 = Delayed payments

3 =Sold all cows 6 = Consuming all the milk 9 = Other (specify)

2.7. Does this co-operative/group/own a chilling plant? 1. Yes( ) 22.No( )

2.8. If yes, has the household member bought any shares in this chilling plant? 1. Yes () 2. No
()

2.9. If you are a member of a dairy co-op or self-help group, what services of the dairy co-
op/Self Help Group do you use? Indicate with ticks:

Services | Milk Veterinar | Sellin | Provide | Credi | Credi | Insuranc | Others
collectio | y services | g of rof Al |tfor |tfor |e (specify
n dairy feeds | Al )
input
S

Services
you
would
like to
use from
Dairy co-
op
(1=Yes;
0=No)

Services
currently
availabilit
y in coop
(1=Yes;
0=No)

Services
you
would
like to
use from
Self Help
Group
(1=Yes;
0=No)

Services
currently
availabilit
y group
(1=Yes;
0=No)

89



D3. Access to information and Institutional Services
3.1. Did you access information on dairying in the last 12 months?
1.Yes( ) 2.No( )
3.2. If yes, indicate for each type of information, source and how you accessed information:

The type of The two mains sources of How did you access
information information starting with the information starting with
(codes) most important (codes) the most important?

codes

Concentrate feeding

Fodder and forage

feeding

Grazing management

Fodder establishment

Fodder harvesting &
processing

Fodder conservation

Feeds ration formulation

Calf nutrition

Cattle housing

Cattle breeding
Cattle reproduction
Health and diseases
management

Manure management

Milk prices

New milk outlets
(contracts)

Milk hygiene
management

Milk guality standard

Financial services
(loans)

Livestock training
schemes

Other specify:




3.3. Did you get access any extension services for the last one year?

1. Yes( ) 2.No( )
3.4. Who are the main providers of extension services? Select all that
APPLY . e codes

3.5. What are the main activities provided by extension agents (? select all that
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Appendix 6: Focus group discussion and Key informant interviews

Farmers/distributers/others
Number of partiCIPaANtS. .......ovuuiitiit e
SUD —COUNLY . ..ttt e e
BT T PR
1. Tell us the various forage species used by dairy farmers in Bomet county (includes forage
source from the market)?
a) What are the common forage species used by many dairy farmers in different dairying systems
v’ Zero grazing (cut and carry system)
v Semi-intensive farming system (semi- zero grazing)
b) Among the forages used and grown by farmers, which forage species gives the highest returns
in terms of milk production
c) State where forage planting materials are sourced. Urban market or within village and who
provides the planting materials
d) Do you sometimes buy forage (for example fresh Napier grass, Brachiaria grass, hay and silage)
from commercial forage producers. If yes mention the forages that you mainly buy from
commercial forage producers.
e) can you comment about the quality of commercial forages provided by commercial forage
producers. What type of forages are mainly sold by commercial forage producers?
f). What improvements and changes can commercial forage producers adopt to increase quality of
forage and yield.
2). What new forages do you think government and other organizations can introduce in the
dairy farming systems between energy and protein rich forage.
a) Name the common forage conservation method used by farmers. name the sources of
planting material
b) What forage species are used to make hay and sillage in dairy farming system
¢) Which forage crops and preservation technologies are best suited to reduce the problem
of seasonality.
d) What are the major constraints facing forage production, what can government and other
organizations do to address constraints to forage production?
e) State the major feeds used in rainy and dry season in Bomet County

f) What forage conservation do you think should be introduced.
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3). Over the past year, have you ever or any one in your family participated in farmers’ training
workshop

3a). How often did you participate in farming workshops or training in improved forage
growing? Who provide the training

3b). Overall has your participation increased or decreased over the past year? If so, what is the
reason for the change

3c). What did trainers do to motivate you to participate in trainings.

3d). Are women and youth involved in the trainings?

3e). If there are those who did not participate in some trainings what do you think prevented
them.

). What do you think can be done to enable more farmers to participate in growing and used of
improved or quality forage training?

4). Describe the major constraints to milk production in your county

4a). Rank the constraints. Which one affects milk production the most

4b). Did government or any other organization intervene to address the problem? If yes what
action did they take, if no why not

4c¢). Do you get visits from government extension agents in your county? If yes, how often do
they come to visit your farms and what services do they provide

4d). What can government; farmers and others like NGos or cooperatives do to resolved

constraints to milk production

Key Informant Interviews
Instructions for note-taking: Do not use the respondents’ name. Enter the KII ID number on the

paper form.

DAt e
SUD=COUNLY . ...ttt e

PrOLESSION. . . e ettt s

1. Tell us about yourself, what do you do for work and the ways you are involved with
smallholder dairy farmers
2. Has there been any change in the number of dairy farmers who have adopted improved

forage technologies over the past years? What are those improved forage technologies?
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a). Has there been changes in the number of smallholder dairy farmers
b). Changes in the volume of milk produced in the county
c). What are the common forage species grown in smallholder dairy farming system in
Bomet
d). What are the common forage species used by many dairy farmers in different dairying
systems?
e Zero grazing (cut and carry system)
e Semi-intensive farming system (semi- zero grazing)
e). Among the forages used and grown by farmers, which forage species gives the highest
returns in  terms of milk production.
f). which forage species would you recommend to be introduced in smallholder dairy farming
system for increase milk production in Bomet County
3. could you comment on the availability of agro vet suppliers and commercial forage
producers
a). what services and goods are provided by agro vet suppliers and commercial producers
b). what are the problems, if any associated with sourcing inputs and goods from agro vet
suppliers and commercial forage producers?
c). what do you recommend government can do to curb problems associated with sourcing inputs

from agro vet suppliers and forages from commercial forage producers?
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