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A B S T R A C T

The sustainability of the livestock sector in sub-Saharan Africa is negatively affected by limited access to high-
quality fodder in adequate quantities. The effects of climate change further exacerbate feed availability. There-
fore, there is a need to develop feasible cost-effective strategies for improving the year-round feed supply.
Improved planted forages such as Brachiaria grass have been recommended as one of the strategies of alleviating
feed scarcity, especially in drier agro-ecological zones. This study analyses the socio-economic determinants of
adoption and the impact of adopting Brachiaria grass for feed sufficiency and increased milk production. Pro-
pensity Score Matching (PSM) method was used to assess the determinants and impact of the adoption of Bra-
chiaria grass. Empirical results indicate that the adoption of Brachiaria grass led to a significant increase in milk
production by 27.6% and feed sufficiency by 31.6%. The positive impact of Brachiaria grass is consistent with the
role of agricultural technologies in improving the productivity, income, and welfare of smallholder farmers. The
adoption of Brachiaria grass is influenced by age of farmer, tropical livestock unit (TLU), type of animal breed,
perceived benefits of the technology, access to extension, and farmer group membership. The study recommends
holistic policy approaches that promote the widespread adoption of Brachiaria grass. There is also a need for an
effective information dissemination pathway for Brachiaria grass.
1. Introduction

Population growth, urbanization, and increasing consumer demand
on livestock are re-shaping the livestock systems globally (White et al.,
2013). In 2015, the United Nations estimated that by 2050, Africa would
account for more than half of the world's projected growth in population
to 9.7 billion (United Nations, 2015). The growth in population is ex-
pected to double the demand for milk and meat products in Africa by
2050 (Holechek et al., 2016). This raises concern on the capability of
African countries to feed the projected population growth.

Livestock production is a major source of food and income for rural
households in sub-Saharan Africa (Thornton, 2010; Thornton et al.,
2003). The dairy sub-sector is a major income earner and a source of
employment for the farming community. Estimates from Kenya's
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Economic Survey of 2017 indicated that the sub-sector contributes about
14% to the agricultural gross domestic product (GDP). Additionally,
dairy contributes to the nutritional status of households by providing
calcium and vitamin B12 (FAO, 2015). Despite this contribution, the
productivity of livestock is more than often constrained by the avail-
ability of quality fodder (Lugusa et al., 2016). Increasing temperatures
coupled with prolonged drought negatively affect forage quantity and
quality; and consequently reduces livestock productivity (Dawson et al.,
2014). Constant seasonal variation in forage availability increases the
cost of feed thereby threatening the sustainability of the livestock sector
(Fallis, 2015; Gachuiri et al., 2017; Lukuyu et al., 2009). Moreover, the
scarcity of feed increases labour demands on all household members
especially women1 and children below 18 years (Tangka and Jabbar,
2010).
ve in agricultural production as well as household activities (Tangka and Jabbar,
s, milking and milk processing.
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Climate-Smart Agriculture (CSA) is designed to implement sustain-
able agricultural development strategies that address challenges in
climate change and food security (FAO, 2015). However, scarcity of
climate-smart fodder varieties, inadequate rainfall, recurrent and pro-
longed drought are major factors contributing to insufficient quality and
quantity of feed. Fodder production systems in Kenya are mainly rain-fed
and farmers have limited ability to prepare for dry periods and appro-
priate feeding regimes. Therefore for most farmers, the production and
sales activities are suboptimal (Netherlands Development Organization
SNV, 2013). Increased population growth and loss of pastoral land to
competing alternative enterprises such as crop production and
non-agricultural uses (e.g. real estate development), has aggravated the
feed scarcity situation (Njarui et al., 2016). Therefore, the scarcity of
quality fodder is of great concern, especially for resource-poor dairy
farmers given the prolonged dry season. It is against this backdrop that
there is a need to improve the quality and reliable availability of
year-round fodder. It follows that adoption and use of improved planted
forages is one of the main alternatives available to improve the produc-
tivity of the dairy sector. Improved planted forages such as Brachiaria
grass (Brachiaria decumbens) can contribute to alleviating feed scarcity
(Kabirizi et al., 2013).

Brachiaria grass is nutritious and gives high biomass production and
hence has the potential to increase the productivity of livestock (Hol-
mann et al., 2004; Kabirizi et al., 2013; Rivas and Holmann, 2005). Low
(2015) notes that Brachiaria is common in South America and parts of
South East Asia due to its adaptation to different soil types and envi-
ronments. Kabirizi et al. (2013) and Rao et al. (2014) also note that
Brachiaria grass tolerates prolonged drought periods and adapts well to
soils with low fertility. Additionally, it can increase nitrogen use effi-
ciency as well as sequester carbon through its large root system (Arango
et al., 2014; Rao et al., 2014; Subbarao et al., 2009). Several experimental
field trials have shown the potential of integrating Brachiaria in different
agro-ecological zones and the potential to increase livestock productivity
(Gatheru et al., 2017; Maass et al., 2015; Moreta et al., 2014; Nguku,
2015; Njarui et al., 2016; Rivas and Holmann, 2005). Despite the po-
tential benefits of Brachiaria, little is still known about the drivers and
impacts of adoption. Gatheru et al. (2017) and Nguku (2015) used
participatory on-farm evaluations to assess the agro-ecological adapt-
ability of Brachiaria cultivars. These studies concluded that Brachiaria
can adapt to low fertility soils as well as different drier agro-ecological
zones. Similarly, Muinga et al. (2016) used an on-farm feeding trial to
assess the effect of Brachiaria on lactation performance of cows. The
study concluded that in comparison to local feed, Brachiaria can increase
milk production by 15–40%. Murage et al. (2015b) used a Tobit model to
evaluate the factors influencing the extent of adopting climate-smart
push-pull technology that utilizes Brachiaria. Additionally, Kassie et al.
(2018) used a combination of economic surplus and econometric
methods to assess the economic and social welfare effects of push-pull
technology. However, the studies focused on the adoption of Brachiaria
as part of a technology package that involves intercropping of cereal
crops with perennial fodder legumes and perennial fodder grass such as
Brachiaria. Therefore, the studies could not isolate the determinants of
adopting Brachiaria as a fodder crop as well as its effect on milk pro-
ductivity and feed sufficiency. Thus, empirical evidence on the drivers of
technology adoption and possible impacts on livelihoods is crucial in
developing effective policy interventions that promote the uptake of new
technologies (Kassie et al., 2011).

This study, therefore, seeks to fill in the gap in the literature on the
determinants of adoption of Brachiaria using household socio-economic
characteristics and institutional support factors. The specific objective of
this study was to assess the factors that influence the adoption of Bra-
chiaria and the impact of adoption on milk productivity and feed suffi-
ciency. In the present study, milk productivity was measured as annual
milk production per household. This was achieved by estimating the
lactation curve of the cow and accounted for the different breed types.
Feed sufficiency refers to the extent to which farmers can adequately
2

meet demand on feed throughout the year. Feed sufficiency was, there-
fore, measured by considering the man-hours dedicated to feeding-
related activities (feed sourcing and preparation) by the primary
woman in the household.

The following section of this paper comprises Section 2 that describes
the methodology of the study including research design and sampling
techniques. Section 3 presents key results and discussions; Section 4
makes a conclusion on key findings and their policy implication.

2. Methodology

2.1. Theoretical analysis of farmers adoption process

There is potential for households to increase dairy productivity (milk
yield), improve the household living standards, and conserve the envi-
ronment through the adoption of Brachiaria grass. It is evident in liter-
ature that uncertainty and risk play a critical role in the adoption of new
agricultural technologies (Mercer, 2004). Following the theory of ex-
pected utility, the assumption is that a farmer's decision, whether to
adopt or not to adopt a technology such as Brachiaria grass given the risk
and uncertain prospects, is based on the comparison of expected utility
from maximizing profit (Mercer, 2004; Schoemaker, 1982). Joao et al.
(2015) note that since it is difficult to measure utility, profit can be used
as a proxy and if combined with attitude to risk, farmers are described as
maximizing the expected utility of profit rather than expected profit. For
example, if farmers expect that Brachiaria would lead to an increase in
milk output, they will adopt the fodder. Kassie et al. (2015) note that
farmers will adopt a technology if the expected utility from adoption (Ua)
is greater than that derived from non-adoption (Un).

Following Greene (2003), the utility derived from the adoption of
Brachiaria will have a dichotomous choice component determined by
observable characteristics Zi and a stochastic error term εi which is un-
observable. Such that:

I*i ¼ βZi þ εi; Ii ¼ 1ifI* > 0; and 0 if otherwise (1)

where Ii is a binary choice variable for the adoption of Brachiaria that
equals 1 if household i adopts Brachiaria and 0 if otherwise, β is a vector
of parameters to be estimated, Zi is a vector of household socio-economic
characteristics and εi is the error term.

Thus, farmers will adopt Brachiaria if I*i ¼ Ua � Un > 0. The proba-
bility of adopting Brachiaria can then be estimated as follows:

PrðIi ¼ 1Þ¼Pr
�
I*i > 0

�¼ 1� Dð� βZiÞ (2)

where PrðIi ¼ 1Þ is the probability of adoption, D is the cumulative dis-
tribution function for εi. The assumption on the functional form for D
differentiates the models used in estimation. The probit model is applied
when the distribution is assumed to be normal and the logit model is used
for logistic distribution (Greene, 2003).
2.2. Analytical framework

2.2.1. Impact evaluation
The conventional approach in impact evaluation such as the adoption

of Brachiaria grass on milk productivity and feed sufficiency would be to
obtain a reduced-form equation showing the relationship between fodder
choice and the outcome variable and subsequently applying OLS
regression. The relationship can be specified as:

Yi ¼ αZi þ βIi þ εi (3)

where Yi is a continuous outcome variable representing milk productivity
and feed sufficiency for the ith household, Ii is a dummy for adoption;Ii ¼
1 if a household adopted Brachiaria and Ii ¼ 0 otherwise. Zi is a vector of
household socio-economic characteristics. εi is the error term that is
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normally distributed reflecting unobservable factors such as farmer
managerial skills that also affect the outcome (Yi).

This approach, however, leads to biased estimates due to the corre-
lation of the error terms in Eqs. (1) and (3) as a result of unobservable
factors (selection bias). Researchers have, therefore, employed various
approaches to correct for selection bias. Heckman's two-stage (Heckman
et al., 1998) and the instrumental variable (IV) approach (Khandker et.,
2010) have been used to address selection bias. However, the procedures
are dependent on the distributional assumption of the normality of the
unobservable. Following Jalan and Ravallion (2003), the assumption
may not hold. Moreover, the instrumental variable approach (IV) re-
quires instruments that are difficult to identify in empirical studies.

The Difference in Difference Method can be used to eliminate selec-
tion bias as it allows time-invariant differences in outcomes between
adopters and non-adopters. Nevertheless, it requires two sets of data for
the pre-treatment period (Conley and Taber, 2011) which were not
available. Therefore, the current study used propensity score-matching
approach (PSM) to control for selection bias.

2.2.2. Propensity score matching approach
The PSM method compares observable outcomes between adopters

and non-adopters of Brachiaria. Moreover, it does not rely on assump-
tions of distribution and functional form of the error terms making it
appealing (Heckman et al., 1998). For this study, the outcome variables
are milk productivity (yield per lactation year) and feed sufficiency
measured by time spent (by the primary woman in a household) in
sourcing and preparing feed. Feed sufficiency refers to the availability of
fodder in adequate quantities. The primary woman in a household herein
refers to the specific woman in a household aged above 18 years who
undertakes feed-related activities. The proxy for feed sufficiency follows
Ashley et al. (2016) in their study on the socio-economic impact of forage
technology adoption by smallholder cattle farmers in Cambodia.

PSM has been used in previous studies to correct the self-selection
bias and to estimate the average treatment effect (ATE) of technology
adoption (Haji and Legesse, 2016; Mwansakilwa et al., 2017; Rosenbaum
and Rubin, 1983, 2006). PSM can be used to identify the impact of
adopting Brachiaria if the assumptions of conditional independence
(unobserved factors do not affect participation) and common support
(significant overlap in propensity scores between adopters and
non-adopters) hold (Khandker et al., 2010). The main idea for the PSM
approach is to find in the group of farmers, those individuals who are
similar to adopters in all relevant pre-treatment observable characteris-
tics. This means finding a control group similar in characteristics to
adopters. The assumption is that after controlling for all pre-adoption
observable characteristics correlated with adopting Brachiaria and the
outcome variables, farmers who have adopted have similar average
outcomes as non-adopters would have had, had they adopted.
Table 1. Description of explanatory variables influencing adoption of Brachiaria Gra

Variable Description

Sex of HH Sex of the household head

HH Size Number of people in a household

Perception of milk productivity Perceived effect of Brachiaria grass on milk

Age of HH Age of household head in years

Farming experience Years that a household head has practiced d

Education (years completed) Number of years completed of formal educa

Farm Size Size of the farm in acres

Group Membership Subscription to a social group/society by th

Source HH income Main source of income for the household

TLU Tropical Livestock Unit

Extension Access to extension by the farmer

Breed type Type of dairy cow that a farmer keeps

Credit Access Access to finance by the household Head

3

Differences in outcomes between the treated and control group are
attributed to the adoption of Brachiaria.

Propensity score can be estimated using binary choice models such a
logit or probit, where adoption is regressed against pre-intervention
characteristics to derive the predicted probability of adoption (pro-
pensity scores). A probit model was used to estimate the propensity
scores. Following empirical studies on the adoption of agricultural
technologies (Ashley et al., 2016; Kassie et al., 2011, 2018, 2015; Murage
et al., 2015a; Ndiritu et al., 2014; Shiferaw et al., 2014; Teklewold et al.,
2013) variables hypothesized to influence adoption are presented in
Table 1.

The second step involved is matching the estimated propensity scores
using the best matching estimator. The most widely used matching al-
gorithms in literature include Kernel Matching, Radius matching (RM),
and nearest-neighbour matching (NNM). Baser (2006) notes that the best
matching algorithm is one that reduces selection bias by increasing the
balance between adoption and non-adoption. In the current study the
best matching algorithm was selected because it had large matched
samples, a large number of insignificant variables, a small pseudo- R2

after matching, and a small mean standardized bias (Abadie and Imbens,
2008). The methods were tested based on the aforementioned criteria.
Matching was restricted to the region of common support between the
treated and control groups. Imposing this restriction helps to improve the
quality of the matches used in the estimation of the average treatment
effects on the treated (ATT) (Caliendo and Kopeinig, 2008; Kiiza et al.,
2011).

Following Rosenbaum and Rubin (1983) and Caliendo and Kopeinig
(2008), the ATT was estimated as follows:

ATT ¼EðY1 � Y0jI¼ 1Þ¼EðY1jI ¼ 1Þ � EðY0jI¼ 1Þ (4)

The ATT can be estimated by EðY0I ¼ 0) since the counterfactual
outcome ( EðY0I ¼ 1) for a given household is unobserved. However, the
approach may lead to a biased ATT. The non-adopters and adopters may
be different before adoption; therefore, the expected differences in the
outcome may not entirely be attributed to adoption.

Based on the assumption of conditional independence and common
support, it is observed that the PSM approachwill have similar conditions
as those of randomized experiments (Ali and Abdulai, 2010). The pro-
pensity score under the assumption of conditional independence is given
by:

pðZÞ¼ prðI¼ 1jZÞ¼EðIjZÞ (5)

where I ¼ 1 or 0 is a binary choice for adoption or non-adoption; Z is a
vector of household characteristics. Thus, the conditional distribution of
Z given p(Z) is the same in both groups of adopters and non-adopters.
Therefore, under this assumption estimation of the propensity score
ss.

Type of Variable

Dummy (1 ¼ male, 0 ¼ female)

Continuous

production Continuous (measured as a factor score)

Continuous

airy farming Continuous

tion by the household head Continuous

Continuous

e household Dummy (1 ¼ yes, 0 ¼ no)

Dummy (1 ¼ Off-farm, 0 ¼ farm)

Continuous

Dummy (1 ¼ yes, 0 ¼ no)

Dummy (1 ¼ exotic breed 0 ¼ otherwise)

Dummy (1 ¼ yes, 0 ¼ no)
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tries to balance the observed distribution of the covariates across the two
groups (Khandker et al., 2010).

The assumption of common support is expressed as:

0 < prðI ¼ 1jZÞ< 1 (6)

This assumption ensures that every person has a positive probability
of adopting Brachiaria.

Based on the two assumptions in Eqs. (5) and (6), the ATT can then be
estimated as:

ATT ¼ EfY1 � Y0jI ¼ 1g;
ATT ¼ E½EfY1 � Y0jD ¼ 1; pðZÞg�;
ATT ¼ E½EfY1jD ¼ 1; pðZÞg � EfY0jD ¼ 0; pðZÞgjD ¼ 1�

(7)

2.3. Study area and sampling design

The study collected household data from Siaya and Makueni counties
in the Western and Eastern regions of Kenya. The study sites were pur-
posively selected to represent non-traditional dairy production areas
within the sub-humid and mid-altitude agro-ecological zones in Kenya.
Additionally, the sites selected have larger proportions of dairy farmers
within the agro-ecological zones of interest. The study sites are charac-
terized by low soil fertility and feed scarcity (Fallis, 2015; Gatheru et al.,
2017; Njarui et al., 2016). Further, the government of Kenya through
Kenya Agricultural and Livestock Research Organization (KALRO) in
collaboration with the International Livestock Research Institute (ILRI)
have been implementing feed and dairy interventions through projects
such as Feed The Future Kenya: Accelerating Value Chain Development
(AVCD).

The study adopted a multi-stage sampling technique to select re-
spondents. The first stage involved the purposive selection of two
counties (Siaya and Makueni). Siaya County has six sub-counties,
namely; Ugenya, Ugunja, Gem, Rarieda, Bondo, and Alego-Usonga.
Figure 1. Map of t
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Makueni County also has six sub-counties namely; Kilome, Kaiti,
Mbooni, Makueni East, and Makueni West. Before randomly selecting
two sub-counties in each County, four sub-counties were dropped. First,
Rarieda and Bondo sub-counties were eliminated since they are closer to
the shores of Lake Victoria. Additionally, they have lower densities of
smallholder dairy farmers; thus, their inclusion would have resulted in
increased data gaps. Secondly, Makueni East and Makueni West were
also dropped since they fall under the dry mid-altitude agro-ecological
zones; thereby, ensuring uniformity of the agro-ecological zones for the
study sites. In the second stage, due to budgetary and time constraints,
two sub-counties were randomly selected. Ugunja and Alego-Usonga sub-
counties in Siaya County and Makueni and Kaiti sub-counties in Makueni
County were selected. Data were collected from the four sub-counties as
shown in Figure 1:

With the help of extension officers and contact farmers, two clusters
of wards and villages were identified. The first cluster focused on villages
with a larger proportion of Brachiaria adopters. In the second cluster for
non-adopters, neighbouring villages where farmers utilized improved
Napier grass (Pennisetum purpureum) varieties such as Kakamega I and II
were considered in order to minimize the incidence of spillovers. This
criterion has been considered in other impact assessment studies to
control for any influence (bias) resulting from close proximity with
adopters (Gitonga et al., 2013; Marwa et al., 2020). Eight villages were
then selected in each sub-county. From each village in the identified
clusters, a list of dairy farmers was generated followed by a random se-
lection of respondents using proportionate to size approach. Meaning
more respondents were sampled from the list with more names. The
procedure resulted in a sample size of 237 respondents. The low sample
size is attributed to the fact that the study sites are non-traditional dairy
production zones with lower proportions of smallholder dairy farmers.
Makueni County had 132 respondents (50 adopters & 82 non-adopters)
whereas Siaya County had 105 farmers (56 adopters & 49
he study area.
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non-adopters). To ensure completeness of data, farmers who had
lactating cows for the last one year (12 months) were considered in the
survey. Data were collected and entered using computer-aided personal
interviews application CS Pro version 7.1 program.

3. Descriptive results

3.1. Household demographics and social characteristics

Table 2 shows the summary statistics of selected socio-economic
characteristics of dairy farmers that were sampled in Makueni and
Siaya counties. Most of the households were male-headed (77%). The
average age of the household head was 54–58 years. The household head
for adopters was significantly older than for non-adopters. The average
number of years of formal education completed by the household head
was 10 years and was not significantly different between adopters and
non-adopters. Farming experience in dairy was 12 years for adopters and
11 years for non-adopters. The average household size was six people for
both adopters and non-adopters.

Adopters derived more income from off-farm activities (76%)
compared to non-adopters (66%). The average farm size for adopters
(4.37 acres) was significantly higher than for non-adopters (2.96 acres).
Additionally, adopters had an average tropical livestock unit (TLU) of
9.36 units, which is significantly higher than for non-adopters (6 units).
Larger proportions of adopters (84%) significantly had more access to
extension compared to non-adopters (60%). Consequently, adopters had
significantly higher perception scores (4.27) on milk productivity
compared to non-adopters (3.45). A significant proportion of adopters
belonged to a social/agricultural group (87%) compared to non-adopters
(60%). Moreover, more adopters reported having accessed credit (40%)
compared to non-adopters (30%).

4. Model results

4.1. Factors influencing adoption of Brachiaria

The results of the probit model shown in Table 3 were used to esti-
mate the propensity scores for participation in Brachiaria production
Table 2. Selected characteristics of adopters and non-adopters of Brachiaria grass in

Explanatory Variables Description of variables

Socio-economic characteristics

Sex of HH % of male HH

Age of HH Age of household head in years

Education Number of years completed of formal education by the hou

Farming experience Experience of the household head in dairy farming in years

HH size Number of people in a household

Source HH income % of HH whose main source of income is off-farm income

Farm characteristics

Farm size Size of the farm in acres

TLU Tropical livestock unit

Breed type % of household whose main breed type is exotic

Farmer perception

Perception on milk productivity Perception effect of Brachiaria grass on milk productivity

Institutional characteristics

Group Membership % of HH belonging to a social group/society

Credit Access % of HH that has access to credit

Extension % of HH that have access to extension

Note: HHH refers to household head, HH refers to HH.
*** and ** represent significance at 1% and 5% probability levels, respectively. (Stan
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using factors that drive the adoption of the grass. The probit model was
subjected to a test of normality using the Jarque-Bera test. The calculated
Chi2 probability was greater than the stated (prob > Chi2 ¼ 0.432) at 1%
level of significance (Table 4). Hence, the study failed to reject the null
hypothesis and concluded that the error terms are normally distributed.
Therefore, it was fit to estimate the propensity scores using a probit
model.

Empirical results in Table 3 indicate that older farmers were more
likely to adopt Brachiaria grass. Kassie et al. (2009) and Teklewold et al.
(2013) note that older farmers are perceived to be more experienced than
younger farmers and thus are more likely to adopt new agricultural
technologies. The findings are similar to those of Asfaw et al. (2012) who
found that older and experienced farmers were more likely to adopt
improved pigeon pea in Tanzania. Moreover, monetary benefits from
fodder production are not immediate compared to flexible crops such as
maize. A substantial amount of time is required for a farmer to realize
them (Holmann et al., 2004; Rivas and Holmann, 2005). Kanyenji et al.
(2020) noted that older farmers were less likely to adopt the use of
inorganic fertilizer compared to younger farmers starting farming. The
study alluded to the fact that younger farmers are willing to invest in
farming enterprises that have a higher rate of turnover. Therefore, older
farmers are willing to invest in long-term farm enterprises such as the
establishment of Brachiaria and wait for the anticipated benefits.

Households with higher tropical livestock units and own improved
breeds are more likely to adopt Brachiaria grass. Households with larger
herd sizes have higher demands for animal feed requirements. This re-
sults in farmers sourcing for alternative feed sources. Kanyenji et al.
(2020) observed that households with higher tropical livestock units
utilized more crop residue as animal feed and thus more likely to adopt
agricultural technologies that yield more animal feed. Similar observa-
tions were made by Kassie et al. (2018); Murage et al. (2015a) and Khan
et al., 2014 who found that ownership of productive resource such as
dairy cows increased the adoption of climate-smart push-pull technology
as they would utilize the fodder produced.

Farmers who perceived Brachiaria grass could increase milk pro-
duction were more likely to adopt Brachiaria. The findings are similar to
those of Murage et al. (2015b) who note that farmers adopted
climate-smart push-pull technology that utilizes Brachiaria because they
Siaya and Makueni counties.

Overall sample n ¼ 237

Mean t-test

Non-adopters n ¼ 126 Adopters n ¼ 111 Sig. (2-tailed) χ2-value

77% 77% 0.01

54.2 (13.94) 58.85 (13.12) 2.70***

sehold head 10.33 (8.93) 10.71 (3.62) 0.43

11.04 (13.94) 12.65 (11.16) 1.01

5.58 (2.4) 5.9 (2.91) 0.9337

66% 76% 2.72

2.96 (2.82) 4.37 (5.22) 2.62***

6 (4.2) 9.36 (9.20) 3.68***

61% 91% 28.18***

3.45 (0.68) 4.27 (0.55) 100.30***

60% 87% 21.94***

30% 40% 5.60**

60% 84% 47.88***

dard deviation) in parentheses.



Table 3. Jarque-Bera test of normality of the error terms.

kewness-Kurtosis test (Jarque-Bera)

Ho: Normal Distribution
Chi2 (2) ¼ 1.558
Prob > Ch2 ¼ 0.432

Figure 2. Propensity score distribution and common support area for milk
productivity by pairwise comparison of adopters and non-adopters. Source:
Survey data 2018, plotted using psgraph.
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perceived that Brachiaria provided fodder during drought period and it
increased milk production. Therefore, the perceived benefits of a specific
technology influence adoption decisions made by farmers. Mishra et al.
(2018) and Meijer et al. (2014) observed that farmers’ prior knowledge
of the benefits of technology creates a positive attitude on the technology
and increases the likelihood of adoption.

Membership to a social or agricultural group increases the proba-
bility of adopting Brachiaria grass. Similar findings were observed by
Kanyenji et al. (2020), Kassie et al. (2011), Kassie et al. (2015), and
Marwa et al. (2020) who observed that membership to an agricultural
group increased the likelihood of adopting an agricultural technology.
Membership to a group is a proxy for social capital. These social net-
works facilitate the flow of information and provide avenues for peer
learning among farmers (Kassie et al., 2011). Quisumbing (2003) in-
dicates that social groups also act as informal insurance in crisis pe-
riods. This implies that the dissemination of new technologies such as
Brachiaria can reach more farmers when channeled through agricul-
tural groups such as cooperatives.

Farmers that had access to extension services were more likely to
adopt Brachiaria grass. The findings are similar to those of Ali and
Abdulai (2010) who indicated that extension visits facilitated the
adoption of genetically modified cotton in Pakistan. Similarly, Kassie
et al. (2015) found that access to quality extension services increased
the adoption of water and soil conservation technologies in East
and Southern Africa. Extension services facilitate the flow of infor-
mation and farmers are more aware of emerging technologies.
Extension services also provide avenues for farmers to observe po-
tential benefits either by demonstration or by linking farmers with
early adopters.
Table 4. Determinants of adoption behaviour of dairy farmers in Siaya and Makueni

Variables Coef.

Socioeconomic characteristics

Sex of HH (1 ¼ male 0 ¼ female) -0.0082

Age of HH (years) 0.0211**

Education (years completed) -0.0242

Farming experience (years) -0.0111

HH size (count) -0.0046

Source HH income (1 ¼ off-farm 0 ¼ Farm) -0.0406

Farm characteristics

Farm size (acres) -0.021

TLU (Tropical Livestock Unit) 0.0633***

Breed type (1 ¼ exotic breed 0 ¼ otherwise) 0.7051***

Farmer perception

Perception on milk productivity 1.0204***

Institutional characteristics

Group Membership (1 ¼ yes 0 ¼ no) 0.5440**

Credit Access (1 ¼ yes 0 ¼ no) 0.133

Extension (1 ¼ yes 0 ¼ no) 0.5049**

Number of observations 237

LR Chi2 (13)¼ 131.2

Prob. > Chi ¼ 0

Log pseudo-likelihood¼ -98.19943

Pseudo R2¼ 0.4005

*** and ** represent levels of significance at 1% and 5%, respectively.
Source: Survey Data 2018
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4.2. Choosing the matching method

In order to minimize selection bias from the unobservable factors and
estimate the impact of adopting Brachiaria grass, it was necessary to
match participants and non-participants in Brachiaria production. Kernel
matching bandwidth 0.25 was chosen to estimate the impact (ATT).
Heckman et al. (1998) notes that kernel-matching estimators perform
better in reducing the standardized mean bias between adopters and
non-adopters compared to other estimators. Haji and Legesse (2016)
point out further that kernel matching has a lower variance and uses
more information in the matching of propensity scores.
4.3. Inspecting the matching quality of kernel method on the propensity
scores

Verification of the performance of the matching estimator is accom-
plished by verifying the assumption of common support. According to
Counties.

Std err Marginal Effects

0.254 -0.0032

0.0092 0.0083

0.0173 -0.0096

0.0097 -0.0044

0.0419 -0.0018

0.2339 -0.0161

0.0419 -0.0083

0.0238 0.025

0.1889 0.2782

0.1653 0.4026

0.2715 0.2067

0.2174 0.0526

0.2431 0.1948



Figure 3. Propensity score distribution and common support area for feed
sufficiency by pairwise comparison of adopters and non-adopters. Source: Sur-
vey data 2018, plotted using psgraph.
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this assumption, the probability of adopting Brachiaria grass conditional
on observed covariates should lie between 0 and 1. This assumption
ensures that households with the same characteristics have a positive
probability of being both adopters and non-adopter (Caliendo and
Kopeinig, 2008). The distribution of the propensity scores and the region
of common support between adopters and non-adopters is illustrated in
Figures 2 and 3.

The common support region can be verified through visual inspection
of the density distribution of the propensity scores for the two groups.
Table 5. Sensitivity analysis for hidden bias on the outcome variables with Rosenbau

Gamma (Г) Total Milk
Yield per HH Hold Per year (litres)

Average Milk
(per day per

Sigþ Sig- Sigþ
1 0.00024 0.00024 4.60E-07

1.1 0.00095 0.000051 3.10E-06

1.2 0.002903 0.00001 1.50E-05

1.3 0.007259 2.10E-06 5.40E-05

1.4 0.015517 4.20E-07 0.000164

1.5 0.029273 8.20E-08 0.000424

1.6 0.049913 1.60E-08 0.000966

1.7 0.078345 3.00E-09 0.001976

1.8 0.114838 5.80E-10 0.003699

1.9 0.158986 1.10E-10 0.006428

2 0.209791 2.10E-11 0.010483

gamma – Log odds of differential assignment due to unobserved factors.
sigþ – Upper bound significance level (overestimation of treatment effect).
sig – Lower bound significance level (underestimation of treatment effect).

Table 6. Impact of Brachiaria on milk productivity and feed sufficiency.

Outcome Variable Sample Adopters

Total Milk Yield per HH Hold Per year (litres) Unmatched 3444.82

ATT 3302.47

Average Milk Production (per day per Cow) Unmatched 8.25

ATT 7.91

Hours dedicated to feeding by the
primary woman in a household (rainy season)

Unmatched 2.11

ATT 2.07

Hours dedicated to feeding by the
primary woman in a household (dry season)

Unmatched 2.07

ATT 2.06

***, ** and * represent significance at 1%, 5% and 10% probability levels, respective
Source: Survey Data 2018
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Figures 2 and 3 indicate that condition for common support was satisfied,
as there is substantial overlap in the distribution of the estimated pro-
pensity scores for adopters and non-adopters.

4.4. Testing for hidden bias

Sensitivity analysis was conducted using Rosenbaum bounds
(rbounds) to check for the influence of hidden bias (Table 5). Since
sensitivity analysis for insignificant effects is not meaningful, rbounds
were calculated for treatment effects that were statistically significant
(Hujer et al., 2004). Under the assumption that the treatment effect was
underestimated, the results are insensitive to unobserved bias. Consid-
ering lower bound significance level (sig-) for underestimation, Gamma
(hidden bias Г) would have to increase three folds (a factor of 1.3) for the
conclusion on the level of significance for total milk yield per household
per year to be different. Therefore, the estimated average treatment effect
of adopting Brachiaria grass on milk productivity measured by annual
milk production per household and feed sufficiency measured by
man-hours dedicated to feeding activities by the primary woman in the
household remains robust in the presence of unobserved bias.

4.5. Impact of Brachiaria grass

Table 6 presents the average treatment effect of the adoption of
Brachiaria grass on milk productivity and feed sufficiency. The adoption
of Brachiaria grass resulted in an increase in milk yield by 27.6%. After
matching, adopters had significantly higher milk yield (3302.47 L) than
non-adopters (1872.32 L). Further, this difference translates to an
average daily increase of 3 L. This is consistent with the findings of
m bounds.

Production
Cow)

Hours dedicated to feeding by
primary female HH member (dry season)

Sig- Sigþ Sig-

4.60E-07 4.50E-11 4.50E-11

5.70E-08 5.00E-12 3.30E-10

6.90E-09 5.60E-13 1.70E-09

8.30E-10 6.20E-14 7.20E-09

1.00E-10 7.00E-15 2.40E-08

1.20E-11 7.80E-16 7.00E-08

1.40E-12 1.10E-16 1.80E-07

1.70E-13 0 4.00E-07

2.00E-14 0 8.30E-07

2.30E-15 0 1.60E-06

2.20E-16 0 2.90E-06

Non-adopters ATT S.E. t-value

1728.46 1716.36 350.53 4.90***

1872.32 1430.14 456.86 3.11***

4.81 3.44 0.67 5.15***

4.55 3.35 0.82 4.07***

2.24 -0.13 0.17 -0.73

2.38 -0.31 0.25 -1.21

4 -1.94 0.16 -12.05***

3.92 -1.89 0.26 -7.25***

ly. (Standard deviation) in parentheses.
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Muinga et al. (2016) and Kabirizi et al. (2013) who noted that cows fed
on Brachiaria increased their milk yield by 15–40%. Similarly, Hare et al.
(2013) indicated that Mulato II, a hybrid Brachiaria variety, increased
milk yields by 11% during dry periods and by 23% during the rainy
season. Kassie et al. (2018) noted that adopters of climate-smart push--
pull technologies that utilize Brachiaria had significantly higher milk
yield than non-adopters. Therefore, Brachiaria is able to provide
year-round quality feed and increase the productivity of livestock. As
noted by do Valle et al. (2013), beef cattle in Brazil gained daily weight
by 0.44 Kg/head when fed on Brachiaria grass.

Adoption of Brachiaria is estimated to have increased feed sufficiency
by 31.6% during feed stress periods. After matching, adopters of Bra-
chiaria significantly spent fewer hours in feeding (2 h) compared to non-
adopters (4 h) during dry the season. The findings are consistent with
those of Ashley et al. (2016) who noted that adoption of improved forage
technology resulted in a significant reduction in time spent on feeding
and further reduced involvement of women and children in sourcing for
feed. These results imply that programs aimed at promoting the adoption
of Brachiaria can improve livestock productivity and improve household
welfare.

5. Summary and conclusions

Dairy farmers in the non-traditional medium potential agro-
ecological zones in Kenya are faced with limited forage options as a
result of poor soils and infrequent weather patterns. This study analysed
the socio-economic drivers of the adoption of Brachiaria grass and the
impacts on milk productivity and feed sufficiency. Empirical results have
shown that the adoption of Brachiaria grass resulted in increased milk
production and improved feed sufficiency. The study revealed that the
adoption of Brachiaria grass is influenced by group membership,
perceived benefits, and access to extension services. Therefore, prom-
ising holistic strategies to boost the uptake of new agricultural technol-
ogies should focus on increasing access to information through
innovative dissemination pathways. This will help reduce uncertainties
among farmers on new technologies. Further, building the capacity of
existing farmer groups and increasing on-farm farmer training will in-
crease the uptake of technologies. It will also improve farmers’ capacity
and skills in forage and dairy management. Key strategies should also
focus on strengthening other organizations such as service providers who
offer market and input support to farmers.

The adoption of Brachiaria grass is also influenced by the herd size
and type of breed reared. Effective strategies should promote farmers’
accessibility to AI services. This will help improve breeds even as farmers
expand their dairy enterprises. It will also promote the adoption of
climate-smart forages such as Brachiaria grass. The study also found that
older farmers were more likely to adopt Brachiaria grass. Policies and
strategies should reorient to focus on promoting youth participation in
fodder and dairy production. This can be done by making the dairy sector
attractive through the promotion of value-addition to enhance market
access and dissemination of information through social media platforms
frequented by the youth.

While rigorous econometric methods have been used to confirm that
the adoption of Brachiaria has positive effects on milk production and
feed sufficiency levels, the authors acknowledge the limitations in the
estimation. First, by using cross-sectional data, the study could not isolate
the household dynamic impact of Brachiaria on feed sufficiency. Sec-
ondly, the study resorted to the use of time as a proxy to quantify farm-
level animal feed sufficiency, which might not be a true indicator of
animal feed requirements. In order to overcome this, the study recom-
mends the use of standard computed indices on feed sufficiency observed
over time to get more robust results.
8

Declarations

Author contribution statement

K.W. Maina: Conceived and designed the experiments; Performed the
experiments; Analyzed and interpreted the data; Contributed reagents,
materials, analysis tools or data; Wrote the paper.

C.N. Ritho, B.A. Lukuyu and E.J.O. Rao: Conceived and designed the
experiments; Wrote the paper.
Funding statement

The authors would like to thank the African Economic Research
Consortium (AERC) and International Livestock Research Institute
through the AVCD project (USAID grant number AID-BFS) for funding
the survey.
Competing interest statement

The authors declare no conflict of interest.
Additional information

No additional information is available for this paper.

References

Abadie, A., Imbens, G., 2008. On the failure of the bootstrap for matching estimators.
Econometrica 6 (76), 57–1557.

Ali, A., Abdulai, A., 2010. The adoption of genetically modified cotton and poverty
reduction in Pakistan. J. Agric. Econ.

Arango, J., Moreta, D., Nú~nez, J., Hartmann, K., Domínguez, M., Ishitani, M., et al., 2014.
Developing methods to evaluate phenotypic variability in biological nitrification
inhibition (BNI) capacity of Brachiaria grasses. Trop. Grasslands-Forrajes Tropicales.

Asfaw, S., Shiferaw, B., Simtowe, F., Lipper, L., 2012. Impact of modern agricultural
technologies on smallholder welfare: evidence from Tanzania and Ethiopia. Food Pol.

Ashley, K., Young, J.R., Kea, P., Suon, S., Windsor, P.A., Bush, R.D., 2016. Socioeconomic
impact of forage-technology adoption by smallholder cattle farmers in Cambodia.
Anim. Prod. Sci. 58 (2), 393–402.

Baser, O., 2006. Too much ado about propensity score models? Comparing methods of
propensity score matching. Value Health.

Caliendo, M., Kopeinig, S., 2008. Some practical guidance for the implementation of
propensity score matching. J. Econ. Surv.

Conley, T., Taber, C., 2011. Inference with"Difference in differences" with a small number
of policy changes. Rev. Econ. Stat. 93 (1), 113–125.

Dawson, I.K., Carsan, S., Franzel, S., Kindt, R., Graudal, L., Orwa, C., Jamnadass, R., 2014.
Agroforestry, Livestock, Fodder Production, and Climate Change Adaptation and Mitigation
in East Africa: Issues and Options (No. 178). ICRAF Working Paper. Nairobi, Kenya.

do Valle, C.B., Euclides, V.P.B., Montagner, D.B., Val�erio, R., Fernandes, C.D.,
Macedo, C.M., Verzignassi, J.R., Machado, L.A.Z., 2013. BRS Paiagu�as: a new
Brachiaria (Urochloa) cultivar for tropical pastures in Brazil. Trop.
Grasslands–Forrajes Tropicales 1, 121–122.

Fallis, A., 2015. Dairy value chain analysis. USAID-KAVES Dairy Value Chain Analysis, 53.
Food and Agriculture Organization (FAO), 2015. The State of Food Insecurity in the

World Meeting. The 2015 International Hunger Targets: Taking Stock of Uneven
Progress. FAO, Rome, Italy.

Gachuiri, A.N., Carsan, S., Karanja, E., Makui, P., Nyaguthii, A., Carsan, S., Makui, P.,
2017. Diversity and importance of local fodder tree and shrub resources in mixed
farming systems of central Kenya. For. Trees Livelihoods 8028, 1–13.

Gatheru, M., Njarui, D.M.C., Gichangi, E.M., 2017. On-farm evaluation of improved
brachiaria grasses in semi-arid eastern Kenya. Livest. Res. Rural Dev.

Gitonga, Z.M., Groote, H. De, Kassie, M., Tefera, T., 2013. Impact of metal silos on
households ’ maize storage, storage losses, and food security : an application of a
propensity score matching. Food Pol. 43, 44–55.

Greene, W., 2003. Econometric Analysis. Prentice-Hall, New Jersey, USA.
Haji, J., Legesse, B., 2016. Impact of sedentarization program on the livelihood and food

security of Ethiopian pastoralists. J. Arid Environ. 136, 45–53.
Hare, M.D., Phengphet, S., Songsiri, T., Sutin, N., Stern, E., 2013. Effect of cutting interval

on yield and quality of three brachiaria hybrids in Thailand. Trop. Grasslands-
Forrajes Tropicales.

Heckman, J.J., Ichimura, H., Todd, P., 1998. Matching as an econometric evaluation
estimator. Rev. Econ. Stud.

http://refhub.elsevier.com/S2405-8440(20)31179-8/sref1
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref1
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref1
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref2
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref2
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref3
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref3
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref3
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref3
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref4
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref4
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref5
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref5
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref5
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref5
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref6
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref6
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref7
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref7
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref8
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref8
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref8
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref9
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref9
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref9
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref10
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref10
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref10
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref10
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref10
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref10
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref10
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref10
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref11
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref12
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref12
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref12
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref13
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref13
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref13
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref13
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref14
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref14
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref15
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref15
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref15
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref15
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref16
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref17
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref17
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref17
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref18
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref18
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref18
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref19
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref19


K.W. Maina et al. Heliyon 6 (2020) e04335
Holechek, J.L., Cibils, A.F., Bengaly, K., Kinyamario, J.I., 2016. Human population
growth, African pastoralism, and rangelands: a perspective. Rangel. Ecol. Manag. 70
(3), 273–280.

Holmann, F., Rivas, L., Argel, P.J., P�erez, E., 2004. Impact of the adoption of Brachiaria
grasses: Central America and Mexico. Livest. Res. Rural Dev.

Hujer, R., Caliendo, M., Thomsen, S.L., 2004. New evidence on the effects of job creation
schemes in Germany - a matching approach with threefold heterogeneity. Res. Econ.

Jalan, J., Ravallion, M., 2003. Does piped water reduce diarrhea for children in rural
India? J. Econom.

Joao, A.R.B., Luzardo, F., Vanderson, T.X., 2015. An interdisciplinary framework to study
farmers' decisions on adoption of innovation: insights from Expected Utility Theory
and Theory of Planned Behavior. Afr. J. Agric. Res. 10 (29), 2814–2825.

Kabirizi, J., Ziiwa, E., Mugerwa, S., Ndikumana, J., Nanyennya, W., 2013. Dry season
forages for improving dairy production in smallholder systems in Uganda. Trop.
Grasslands-Forrajes Tropicales.

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

Kassie, M., Shiferaw, B., Muricho, G., 2011. Agricultural Technology, Crop Income, and
Poverty Alleviation in Uganda. World Development.

Kassie, M., Stage, J., Diiro, G., Muriithi, B., Muricho, G., Ledermann, S.T., Zeyaur, K.,
2018. Push-pull farming system in Kenya: implications for economic and social
welfare. Land Use Pol. 77 (September 2017), 186–198.

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 Pol. 42, 400–411.

Kassie, M., Zikhali, P., Manjur, K., Edwards, S., 2009. Adoption of sustainable agriculture
practices: evidence from a semi-arid region of Ethiopia. Nat. Resour. Forum.

Khan, Z.R., Midega, C.A.O., Pittchar, J.O., Murage, A.W., Birkett, M.A., Bruce, T.J.A.,
Pickett, J.A., et al., 2014. Achieving food security for one million sub-Saharan African
poor through push-pull innovation by 2020. Philos. Trans. R. Soc. Lond. B Biol. Sci.
369 (1639), 20120284.

Khandker, S.R., Koolwal, G.B., Sammad, H.A., 2010. Handbook on Impact, Quantitative
Methods, and Practices. Learning.

Kiiza, B., Pederson, G., Lwasa, S., 2011. The role of market information in adoption of
agricultural seed technology in rural Uganda. Int. J. ICT Res. Dev. Afr.

Low, S., 2015. Signal grass (Brachiaria decumbens) toxicity in grazing ruminants.
Agriculture.

Lugusa, K.O., Wasonga, O.V., Elhadi, Y.A., Crane, T.A., 2016. Value chain analysis of grass
seeds in the drylands of Baringo County, Kenya: a producers’ perspective.
Pastoralism.

Lukuyu, B.A., Kitalyi, A., Franzel, S., Duncan, A., Baltenweck, I., 2009. Constraints and
Options for Enhancing Production of High Quality Feeds in Dairy Production in
Kenya, Uganda, and Rwanda (No. 95). Nairobi, Kenya.

Maass, B.L., Midega, C.A.O., Mutimura, M., Rahetlah, V.B., Salgado, P., Kabirizi, J.M.,
et al., 2015. Homecoming of Brachiaria : improved hybrids prove useful for African
animal agriculture. East Afr. Agric. For. J.

Marwa, M.E., Mburu, J., Elizaphan, R., Oburu, J., Mwai, 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.

Meijer, S.S., Catacutan, D., Ajayi, O.C., Sileshi, G.W., Nieuwenhuis, M., 2014. The role of
knowledge, attitudes, and perceptions in the uptake of agricultural and agroforestry
innovations among smallholder farmers in sub-Saharan Africa. Int. J. Agric. Sustain.
13 (1), 40–54.

Mercer, D.E., 2004. Adoption of agroforestry innovations in the tropics: a review. Agrofor.
Syst.

Mishra, B., Gyawali, B.R., Paudel, K.P., Poudyal, N.C., Simon, M.F., Dasgupta, S.,
Antonious, G., 2018. Adoption of Sustainable Agriculture Practices Among Farmers in
Kentucky. Environmental Management, USA.

Moreta, D.E., Arango, J., Sotelo, M., Vergara, D., Rinc�on, A., Ishitani, M., et al., 2014.
Biological nitrification inhibition (BNI) in Brachiaria pastures: a novel strategy to
improve eco-efficiency of crop-livestock systems and to mitigate climate change.
Trop. Grasslands-Forrajes Tropicales.
9

Muinga, R.W., Njunie, M.N., Gatheru, M., Njarui, D.M.G., 2016. The effects of brachiairia
grass cultivars on lactation performance of dairy cattle in Kenya. Climate smart
Brachiaria Grasses for improving livestock Production in East Africa – Kenya experience.
In: Proceedings of the Workshop Held in Naivasha, Kenya, 14-15 September.

Murage, A.W., Midega, C.A.O., Pittchar, J.O., Pickett, J.A., Khan, Z.R., 2015a.
Determinants of adoption of climate-smart push-pull technology for enhanced food
security through integrated pest management in eastern Africa. Food Security 7 (3),
709–724.

Murage, A.W., Pittchar, J.O., Midega, C.A.O., Onyango, C.O., Khan, Z.R., 2015b. Gender-
specific perceptions and adoption of the climate-smart push-pull technology in
eastern Africa. Crop Protect. 76, 83–91.

Mwansakilwa, C., Tembo, G., Zulu, M.M., Wamulume, M., 2017. Village savings and loan
associations and household welfare: evidence from Eastern and Western Zambia. Afr.
J. Agri. Res. Econ. 12 (1), 85–97. Retrieved from.
http://www.afjare.org/resources/issues/vol_12_no1/6. Mwansakilwa et al.pdf.

Ndiritu, S.W., Kassie, M., Shiferaw, B., 2014. Are there systematic gender differences in
the adoption of sustainable agricultural intensification practices? Evidence from
Kenya. Food Pol.

Nguku, S., 2015. An Evaluation of Brachiaria Grass Cultivars Productivity in Semi-arid
Kenya. Retrieved from. http://repository.seku.ac.ke/handle/123456789/1380.

Njarui, D.M.G., Gichangi, E.M., Ghimire, S.R., Muinga, R.W., 2016. Climate smart
Brachiaria grasses for improving livestock production in East Africa – Kenya
experience. In: Proceedings of the Workshop Held in Naivasha, Kenya, 14-15
September, p. 298. Naivasha, Kenya.

Quisumbing, A.R., 2003. Food Aid and Child Nutrition in Rural Ethiopia. World
Development.

Rao, I., Ishitani, M., Miles, J., Peters, M., Tohme, J.O.E., Martens, S., Subbarao, G.V.,
2014. Climate-smart crop-livestock systems for smallholders in the tropics :
integration of new forage hybrids to intensify agriculture and to mitigate climate
change through regulation of nitrification in soil. Trop. Grasslands – Forrajes
Tropicales 2, 130–132.

Rivas, L., Holmann, F., 2005. Potential economic impact from the adoption of Brachiaria
hybrids resistant to spittlebugs in livestock systems of Colombia, Mexico and Central
America. Livest. Res. Rural Dev.

Rosenbaum, P.R., Rubin, D.B., 1983. The central role of the propensity score in
observational studies for causal effects. Biometrika.

Rosenbaum, P.R., Rubin, D.B., 2006. The central role of the propensity score in
observational studies for causal effects. Match. Samp. Causal Effects.

Schoemaker, P.J.H., 1982. The expected utility model: its variants, purposes, evidence
and limitations. J. Econ. Lit.

Shiferaw, B., Kassie, M., Jaleta, M., Yirga, C., et al., 2014. Adoption of improved wheat
varieties and impacts on household food security in Ethiopia. Food Policy.

SNV, 2013. Study on the Kenyan animal feed and fodder sub - sectors. (Sub-report I:
summary report). In: Kenya Market-Led Dairy Programme” (KMDP) of SNV/Kenya
Netherlands Development Organisation, (September), p. 26.

Subbarao, G.V., Nakahara, K., Hurtado, M.P., Ono, H., Moreta, D.E., Salcedo, A.F., Ito, O.,
2009. Evidence for biological nitrification inhibition in Brachiaria pastures. In:
Proceedings of the National Academy of Sciences of the United States of America.

Tangka, F.K., Jabbar, M.A., 2010. Implications of Feed Scarcity for Gender Roles in
Ruminant Livestock Production, 2010, 287–296.

Teklewold, H., Kassie, M., Shiferaw, B., 2013. Adoption of multiple sustainable
agricultural practices in rural Ethiopia. J. Agric. Econ.

Thornton, P.K., 2010. Livestock production: recent trends, future prospects. Phil. Trans.
Roy. Soc. Lond..Ser. B Biol. Sci. 365 (1554), 2853–2867.

Thornton, P.K., Kruska, R.L., Henninger, N., Kristjanson, P.M., Reid, R.S., Robinson, T.P.,
2003. Locating poor livestock keepers at the global level for research and
development targeting. Land Use Pol. 20 (4), 311–322.

United Nations, 2015. World Population Prospects: the 2015 Revision. United Nations
Population Division. United Nations, New York, NY, USA.

White, D.S., Peters, M., Horne, P., 2013. Global impacts from improved tropical forages: a
meta-analysis revealing overlooked benefits and costs, evolving values, and new
priorities. Trop. Grasslands - Forrajes Tropicales 1, 12–24.

http://refhub.elsevier.com/S2405-8440(20)31179-8/sref20
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref20
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref20
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref20
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref21
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref21
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref21
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref22
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref22
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref23
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref23
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref24
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref24
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref24
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref24
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref25
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref25
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref25
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref26
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref26
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref26
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref27
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref27
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref28
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref28
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref28
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref28
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref29
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref29
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref29
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref29
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref30
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref30
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref64
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref64
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref64
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref64
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref31
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref31
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref32
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref32
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref33
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref33
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref34
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref34
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref34
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref35
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref35
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref35
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref36
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref36
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref36
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref37
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref37
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref37
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref37
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref38
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref38
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref38
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref38
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref38
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref39
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref39
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref40
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref40
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref40
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref41
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref41
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref41
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref41
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref41
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref42
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref42
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref42
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref42
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref42
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref43
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref43
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref43
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref43
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref43
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref44
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref44
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref44
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref44
http://www.afjare.org/resources/issues/vol_12_no1/6.%20Mwansakilwa%20et%20al.pdf
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref46
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref46
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref46
http://repository.seku.ac.ke/handle/123456789/1380
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref48
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref48
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref48
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref48
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref48
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref49
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref49
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref50
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref50
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref50
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref50
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref50
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref50
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref50
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref51
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref51
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref51
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref52
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref52
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref53
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref53
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref54
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref54
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref63
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref63
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref55
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref55
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref55
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref56
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref56
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref56
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref57
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref57
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref57
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref58
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref58
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref59
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref59
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref59
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref60
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref60
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref60
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref60
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref61
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref61
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref62
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref62
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref62
http://refhub.elsevier.com/S2405-8440(20)31179-8/sref62

	Socio-economic determinants and impact of adopting climate-smart Brachiaria grass among dairy farmers in Eastern and Wester ...
	1. Introduction
	2. Methodology
	2.1. Theoretical analysis of farmers adoption process
	2.2. Analytical framework
	2.2.1. Impact evaluation
	2.2.2. Propensity score matching approach

	2.3. Study area and sampling design

	3. Descriptive results
	3.1. Household demographics and social characteristics

	4. Model results
	4.1. Factors influencing adoption of Brachiaria
	4.2. Choosing the matching method
	4.3. Inspecting the matching quality of kernel method on the propensity scores
	4.4. Testing for hidden bias
	4.5. Impact of Brachiaria grass

	5. Summary and conclusions
	Declarations
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	References


