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ABSTRACT
Africa has recently experienced adverse climate changes and has recognized tremendous 
advancement of numerous Climate Smart Agriculture (CSA) technologies with ability to 
promote resilience and productivity. However, these good strategies are not only unknown, 
but their extensive uptake remain subtle particularly beyond the scope area, especially among 
poor rural small-scale farmers. There are prevailing barriers that inhibit upscaling of these 
practices and so far existing actions and policies to remove the challenges remain scarce. 
Therefore, the study’s main objective was to assess determinants and or barriers and strategies 
to boost scaling up pathways for adopted CSA practices in Nyando basin. Primary data was 
collected for baseline, end-line and financial diaries panel data from 122 households. Logistic 
regression model and Descriptive statistics were used to analyze the data. The main findings 
which were significant (p < 0.05) illustrated that shocks from the emergence of new pests/
diseases, and little/high rainfall highly affected productivity, resulting in dis-adoption and 
scaling up. Climate variant was the main cause of floods, drought, and the occurrence of new 
pests on crops and livestock. There was evidence of households’ collective decisions on 
farming expenditures. Knowledge astute, social capital and market-based scaling pathways 
were potential “pull” aspects that could encourage scaling up of CSA practices beyond CSVs. 
The study recommends improving use of multi-faceted approaches that assimilate 
environmental, agronomic, molecular, and institutional scopes. Additionally, improve on 
market access, cooperatives and capacity building base level for small-scale farmers to relate 
constraints to solutions offered by CSA adoption.

1.  Introduction

Agriculture sector is the most exposed to the effects 
of changing climate promoting risks of increased tem-
peratures, unpredictable rainfall patterns, more floods 
and drought. These climatic uncertainties can have 
major impacts on water availability affecting agricul-
tural productivity (Dhungana et  al., 2020; Xu et  al., 
2019). Rainfall and temperature climate variables are 
the most essential to agricultural production (Fahad 
et  al., 2018, 2019a). It is projected that low precipita-
tion could affect crop planting and harvesting in the 
next two to three decades (Amanullah et  al., 2020). 
Additionally, unexpected and higher rainfall are a real-
ity in many parts of the world (Wester et  al., 2019). 
The average and seasonal maximum temperatures are 

projected to continue rising (Thakuri et  al., 2019). It is 
therefore paramount that farmers’ approach of agricul-
tural systems adaptation to changing weather pat-
terns now and in future will necessitate a multifaceted 
action. Adoption of harsh weather-resilient crops 
including other climate smart technologies is import-
ant in decreasing the effect of changing climate pat-
terns on agriculture and safeguarding global food 
security (Dey, 2023). The approaches should comprise 
of new ideas, strategies and technologies that inte-
grate environmental, agronomic, social, molecular, and 
institutional scopes that will be binding (Harrison 
et  al., 2021; Sloat et  al., 2020; Bell et  al., 2015).

Globally, in the effort of Climate Change, Agriculture 
and Food Security (CCAFS) under the CGIAR program, 
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has supported research on climate-smart agriculture 
(CSA) in different parts of the world. The main objec-
tive of the smart practices, technologies and informa-
tion is to respond to the constraint of adoption to a 
wider horizon under unpredictable weather patterns. 
In spite of the vital worldwide action and outlay in 
CSA, there is inadequate proof of what technologies 
and practices work, and what the interactions and 
trade-offs are amongst the three pillars (productivity, 
adaptation and mitigation) of CSA (Martinez-Baron 
et  al., 2018). Additionally, there is uncertainty if there 
are up-and-coming scaling strategies (comprising fiscal 
access) which can create a revolution of agriculture 
(Vernooy & Bouroncle, 2019). Though CSA presents 
noteworthy gains in standard, the time lag and the 
capital (finances) needed as ventures can be negative 
factors hampering their uptake by farmers (Gunjal, 2016).

In Africa CCAFS have initiated a pilot using the 
CSV approach in 2012–2014 in: Kenya, Tanzania, 
Uganda Ethiopia, Burkina Faso, Mali, Ghana, Niger, 
Senegal, and South Asia: Bangladesh, India, Nepal 
and Latin America (Vernooy & Bouroncle, 2019). The 
key aim is to depict evidence that will bring out 
appropriate CSA interventions focusing on poor rural 
farmers via team work and appraisal via research 
(Aggarwal et  al., 2018). With its focus on the 
co-development of CSA technologies at the commu-
nity level, the CSV approach is also expected to 
empower local communities and their supporting 
institutions (Bayala et  al., 2021). However, scaling of 
CSV sustainably requires an active engagement of 
institutions. The proportion of smallholder farmers 
partaking CSV activities comprises a fairly minor per-
centage of all the farmers in the village or commu-
nity. In Guatemala, Nepal and Vietnam only 10–20% 
of the farmers in CSVs are trained to gain skills and 
knowledge on technology advancement; gender 
dynamics; monitoring and evaluation as well as plan-
ning, (Vernooy & Bouroncle, 2019). In spite of CSA 
significance and promotion, a major concern is its 
low wide-scale adoption, especially amongst 
small-holder farmers in East Africa (Makate, 2019). To 
realize outcomes at wider and advanced scale across 
national, county and village level, a multifaceted 
approach that is inclusive and multi-objective that 
support scaling CSA interventions are needed but 
lacking (Scherr et  al., 2012). Scaling strategies in the 
third wave according to Schut et  al. (2020) need to 
lean on evidence, as well as receptive to the 
agro-ecological and socio-economic dynamics. They 
should account for synergies and trade-offs between 
CSA’s three pillars across scales (Shirsath et  al., 2017; 
Descheemaeker et  al., 2016; Scherr et  al., 2012).

The aim of CCAFS CSV approach on CSA is to form 
an assortment of options that collectively lead to the 
triple wins, however, this has raised some undefined 
issues (Aggarwal et  al., 2018). The major dispute 
question is what component of house-holds need to 
exercise active CSA interventions to turn a commu-
nity/region into a climate-smart village or region? 
The plan of CCAFS intended scaling to operate via 
financial and institutional mechanisms enabling fruit-
ful uptake by a large number of farmers within and 
around CSV sites, including a more ambitious scaling 
goal, far beyond the CSVs (Kinyangi et  al., 2015). 
CCAFS assumed that national and county govern-
ments could easily scale out the interventions 
through private-sector actors and NGOs in regions 
with similar agro-ecological conditions, through their 
projects and programs (Vernooy & Bouroncle, 2019). 
In a study by Kirina et  al. (2022), across 25 cases they 
sought answers on how CSA is scaled in the East 
African context, find gaps and entry points, and add 
knowledge to the scaling discourse. However, their 
results highlighted areas of concern that scaling drive 
should contemplate henceforth: lack of understand-
ing what the end-user values, needs, and prioritizes 
towards scaling. CSA is critically reduced if there is 
ignorance of the spatial variation, and un-targeted 
execution may cause un-favourable feedback effects 
on the potential for scaling. Finally, another key chal-
lenge to scaling is creating an enabling environment 
through systemic change (Kirina et  al., 2022).

In Kenya, in order to gauge the adoption rates of 
CSA in the study area, Oostendorp et  al. (2021) used 
this study’s primary data (Climate smart financial dia-
ries, baseline and end line data 2018–2019). They fur-
ther compared the results with secondary data from 
CCAFS evaluation Survey, (2017) in order to draw a 
conclusive synopsis of CSA adoption rates. Their find-
ings revealed that it was evident that dis-adoption 
rates were relatively soaring for majority of the CSA 
practices. On crop management, the adoption of 
high yielding seed varieties >80% of the respondents 
in CSVs who had adopted in 2017 continued though 
fairly lower till 2020 unlike in the non-CSV where a 
decline was noted. Fertilizer application was consid-
ered a CSA mechanism because of escalating prices 
in 2017 and henceforth in Kenya. Its application 
remains unaffordable to majority of the farmers who 
opted not to use it till late 2022/2023 when the gov-
ernment subsidized the input. Pesticides and herbi-
cides utilization increased though below 59%.

For improved breeds, reported dis-adoption rates 
by farmers were equally high. The respondents with 
improved black head Masai sheep (12%) and Galla 
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goats (24%) in 2017 did not possess the breed in 
2020 in the CSV. Though there was an increase in 
adoption of improved chicken, the rates remained 
minimal in both non-CSVs and CSVs. Additionally, for 
both sites land management practices indicated that 
more farmers were planting trees over the period 
2019–2020. There was an increasing trend on mixed 
cropping and construction of ridges in 2019, how-
ever employing of terraces to conserve soils was 
declining perhaps the reason being that they were 
altered for tree adoption, and due to high labour 
intensiveness in digging and related costs. 
Oostendorp et  al. (2021) study highlights a concern 
on the high rates of dis-adoption of CSA practices 
affecting up and out scaling. This research fills the 
gaps highlighted above by assessing the determi-
nants of scaling up adopted CSA affecting pathways 
to scaling out among smallholder farmers in Nyando, 
Kenya. The study used household level financial dia-
ries and field observations from the respondents.

1.1.  Literature review

According to Aggarwal et  al. (2018) the main objec-
tive of scaling-up the ideal CSA preferences and poli-
cies is to draw lessons from successful stories. For 
example using horizontal scaling out (scaling out) 
farmer to farmer learning is achieved at CSV demon-
stration sites whereby favourable agricultural technol-
ogies and practices are nurtured. Through organized 
field exposure visits and/or trainings, both supporting 
institutions and farmers learn and promote successful 
CSA technologies through programs, local policies, 
and grassroot institutions. In vertical scaling (scaling 
up) the success of the CSV program influences policy-
makers, funding agencies, and implementing organi-
zations so that changes in policy instruments, 
institutions, or investments are made for the promo-
tion of promising technologies and practices. For 
example in Senegal, expansion of a pilot CSA pro-
gram to other regions has been feasible using farm 
advisories and climate forecast by collaborating part-
nership between institutions working across multiple 
levels (CCAFS, Food and Agriculture Organization 
[FAO], 2016). Subsequently, Haryana state in India, the 
state government has made policy changes to pro-
mote promising CSA practices under CSV programs 
pledging to promote it to 500 villages (Aryal et  al., 
2020). The definitive objective is to inspire achieve-
ments which will permit smallholder farmers be resil-
ient and have ability to mitigate climate variability.

According to Andati et  al. (2022), farmers may 
attempt to adapt to prevailing shocks and their 

entrepreneurial acumen becomes key in farmers 
adapting to arising changes. However, he found out 
that sometimes choosing ideal CSA practices maybe 
delicate for farmers depending on the attributes, 
socio-economic characteristics and their entrepre-
neurial experience. Whilst there exists proof in a 
majority of empirical literature on the influence of 
farm and farmer characteristics on CSA up-take 
(Ngigi et  al., 2017; Mulwa et  al., 2017; Makate et  al., 
2016; Kurgat et  al., 2020), there is scanty information 
on the influence of farmers cognitive traits. They 
relay learning and the logic behaviour/psychological 
perception of costs and risks associated with adop-
tion of a practice (World Bank, 2015; Barzola Iza & 
Dentoni, 2020; Kangogo et  al., 2021). Despite its 
potential, however, CSA adoption remain generally 
minimal across the SSA countries (Mulwa et  al., 2017; 
Kurgat et  al., 2020). According to Ogada et  al. (2020) 
the low uptake affecting scaling up depends on dif-
fering aspects in diverse regions and agro ecological 
zones in Kenya. The aspect of CSA adoption is 
important since it informs future up or out scaling.

A study by Njuguna (2020) states that it is not 
possible to combine some of the CSA practices 
because they concurrently burden some aspects of 
the farming structure due to high costs, labour chal-
lenges and contest for crop residues. Taylor (2018) 
raised concerns about CSA approaches as to whether 
their technical orientation nature, which falls short in 
consideration for labour proceeds, consumption pat-
terns, and land ownership queries. The concepts of 
Climate-smart agriculture are also often misunder-
stood by researchers affecting up-take rates by farm-
ers and scaling up (Saj et  al., 2017). Additionally, 
according to Autio et  al. (2021) and FAO (2013) there 
are several barriers advancing decline or averting the 
uptake of CSA, particularly by small scale farmers. 
These include: a long time interval of 4 or extra years 
before grasp of full payback, and high expenditure at 
initial stage. Since, the expenses are often ample it 
becomes a key restraint to CSA adoption by many 
poor rural farmers; unfortunately, this is left upon the 
capability and motivation of the farmers to search 
for guidance, training and fiscal support. These con-
straints are imperative and in order to come to the 
aid of farmers, they can only be conquered using 
urgent precedence, proper policies and rigorous hard 
work in solution enquiry by all concerned parties 
(Gunjal, 2016).

In Sub-Saharan Africa (SSA) scientific proven inno-
vations through researches may offer significant solu-
tions however they signify low adoption rate. There 
is great potential to promote sustainable agriculture 
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with the advancement of climate-resilient crops to 
improve crops to be stress tolerant (Dey, 2023). This 
can use several approaches like genetic engineering 
like transgenic and genome editing technology 
applied to introduce or modify specific genes liable 
to stress tolerance (Biswas et  al., 2019; Blary & 
Jenczewski, 2019). The technology creates crops with 
enhanced pest and disease resistance including 
superior heat and drought tolerance. Additionally, 
conventional breeding used for developing crops 
with desirable traits such as yield, disease resistance, 
and quality example is the Marker-assisted selection 
(MAS) (Dey, 2023). The approach is used to develop 
crops with improved stress tolerance. However, the 
method maybe time-consuming and unable to keep 
pace with the rate of environmental change. Lastly, 
precision agriculture approaches maybe considered 
using technology such as remote sensing, drones 
and GPS, whereby farmers can optimize crop man-
agement practices such as pest control, irrigation, 
and fertilizer use (Callaway, 2018). This approaches 
can help farmers to conserve resources, optimize 
crop yields, and reduce the impact of environmental 
stress on crops. Regardless of the prospective pay-off 
of these approaches, there are related challenges 
which may promote their dis-adoption by small 
holder farmers in developing countries. These include 
development of new varieties of crops maybe exor-
bitantly costly. Fears over the safety and environmen-
tal impact of genetic engineering remain a barrier to 
widespread adoption. Additionally, it is a difficult 
task to develop crops that are resilient to multiple 
environmental stresses, as dissimilar stresses may 
require unlike traits (Dey, 2023).

Further, other approaches related to crops that 
offer scientific solutions are vital in assessing the 
impact of climate change (Rahman et  al., 2018; Ullah 
et al., 2019a). Gul et al. (2020) study using CSM-CERES-
Wheat model predicted phenology and yield very 
well for all three wheat cultivars. Results showed that 
increase of 1 °C caused the 10-day early anthesis 
reduced the time for grain filling duration, resulting 
in decline in yield. The increase in yield in the cold-
est region, thus projected increase in temperature 
causing a favorable condition for wheat production. 
Other studies Asseng et  al. (2014) and Ahmed et  al. 
(2019) reported that higher yields may be expected 
where cooler temperatures at grain filling stage of 
the crop delay the days to maturity. Other approaches 
according to Sándor et  al. (2020) and Liu et  al. (2023) 
modelling waterlogging stress as a function of phe-
nology, was an important development on the 
majority of past knowledge. This has revealed that 

effects of waterlogging stress on crop sensitivity is 
critically reliant on the growing phase in which 
waterlogging occurs. These deviations propose that 
more benefits from yield may be realized from for-
ward shifts in sowing time of long-season genotypes, 
consistent with other studies (Hunt et  al., 2019). This 
result may echo the fact that areas with longer grow-
ing season are likely to have more frequent soil sat-
uration, greater propensity for extreme rainfall events 
and/or higher rainfall. Future use of these approaches 
should be considered in Nyando basin which is 
prone to frequent flooding and drought spells result-
ing to emergence of new pests and diseases due to 
changing climate leading to low yields (Bernier et  al., 
2015; Nyansimi et al., 2017; Ruto, 2020).

The success of the above stated technologies and 
innovations are enormous, however, they have hardly 
been used on a variety of crops and livestock to mit-
igate the effects of climate change in the study site. 
Despite the various reasons for dis-adoption deci-
sions by households, the wide-spread adoption rates 
of CSA practices appear unclear due to little initia-
tive towards understanding the meaning, function 
and factors encumbering scaling-up. It is important 
to first understand what scaling up means, which is 
replication of ideas, plans and practices with an aim 
of achieving a similar or larger scale impact at the 
end point (World Bank, 2003). The function of 
up-scaling is to uplift the socio-economic of commu-
nities from a small to a wider extent area. According 
to Linn (2012), World Bank (2015) and Neufeldt et  al. 
(2015) scaling can transpire horizontally, by replicat-
ing successful practices in new set up areas or target 
groups. Vertical scaling up encompasses harmoniz-
ing policy and institutional amendment transversely 
by altering project elements, formation or approach 
in a rejoinder to a surfacing realism (World Bank, 
2003). Up-scaling can be effected either directly 
when an institution is forthwith liable for change, or 
indirectly when it controls the changes. This paper, 
presents the CCAFS’s input in conveying CSA tech-
nologies and practices to scale using the CSV 
approach and scaling out in non-CSVs in Kenya’s 
Nyando basin. It contributes to knowledge by iden-
tifying existing gaps hindering a clear scalable 
approach that is inclusive.

2.  Materials and methods

2.1.  Research area

This study took place in Nyando basin which tra-
verses through Kisumu and Kericho counties. The 
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villages represent different land uses in the com-
mune, within a similar context to the CSV. This 
then creates an ideal situation to test the scalable, 
comprehensive and impartial framework for CSA 
implentation. The key geographical characteristics 
for the study sites were dissimilar, such that Kisumu 
is drier than the Kericho area, but has more water 
points as it lies along the lowland Nyando basin. 
Kericho on the other hand is in higher altitude, 
more remote and less served by transport. It expe-
riences less floods during rainy seasons because of 
the slope. Agriculture contribution to livelihoods in 
the area accounts for 95% in incomes and over 
80% employment and food from a combination of 
mixed system namely crop/livestock, cash crops/
livestock and or all combined (Godino, 2021). 
Nyando basin is considered 99% cultivable (Ogada 
et  al., 2020), however it encounters food shortfall 
partially due to unreliable rainfall, varying tempera-
tures ranging 9–35 °C (County Government of 
Kisumu, 2013). During the commencement of every 
rain season soils swell, split and seal rendering 
water in-ability to further permeate deeper and 
therefore forces it to overflow as floods to the 
plain landscape (Murono et al., 2018). Run-off 
develops profound gorges destroying approxi-
mately 40% of field crops (Kinyangi et  al., 2015). 
Farms are not diverse and exhibit barely any farm-
ing modernization (Nyakundi et  al., 2010; Kinyangi 
et  al., 2015). Comparing scaling out CSA among 
respondents in Nyando CSV with non CSVS, the 
main difference was observed to be on the resource 
use by type of agricultural investment. Whereby, in 
Kisumu relatively larger share of rice was prevalent 
and while, sugar cane plantations in Kericho was 
observed. This provides opportunities to develop 
climate-smart rice and sugar cane models. Figure 1 
represents map of the study area.

2.2.  Data collection, sampling methods, data 
analysis and limitation of the study

Data was drawn from 2019 to 2020 baseline, end 
line and financial diaries surveys. A simple random 
sampling technique was used to select 216 house-
holds residing in CSV from the 2017 survey that had 
been observed by CCAFS during a Monitoring and 
Evaluation (M&E) routine. To identify the required 
sample size of 122 it was determined proportionate 
to methodology by Yamane (1967).

	 n
N

N e
=

+1 2
( )

 � (1)

Where n is the sample size, N is the population, 
and e is the level of precision.

	 n
N

N e
=

+
=

+
=

1

216

1 216 06
122

2 2
( ) (. )

� (2)

Further, purposive sampling was used to identify 
ninety households who comprised members of 
Community Based Organizations (CBOs) who took 
part in CCAFS activities (overseen via these CBOs) 
and thirty two households residing in non-CSV but 
within the vicinity of the CSVs. The non-CSV respon-
dents assisted to shade light on the CSA horizontal 
replication/up-scaling in new set up areas or target 
groups other than in CSV. All sites selected had sim-
ilar geographical characteristics to the CSVs namely; 
temperatures, rainfall, soil type, landscape and 
socio-economic attributes (namely crops planted like 
maize, sorghum and beans, ownership of livestock 
and applied husbandry practices, and market activi-
ties). STATA 14 data analytical tool was used thus 
descriptive statistics and regression models results 
presented in form of tables and figures.

2.2.1.  Approach
To determine the CSA dis-adoption trends (2017–
2020) for agricultural production systems into 
climate-smart interventions in Nyando basin, second-
ary data was extracted from a technical report by 
Oostendorp et  al. (2021) who were part of this study. 
The analysis was done to confirm the scope to which 
the practical outline replicated underlying associa-
tion. To determine the spatial scaling pathways of 
different systems in the commune, baseline and 
financial diaries panel data were used. Field observa-
tions and participation in group meetings organized 
by CCAFS shed light on some of the issues presented.

2.2.2.  Analytical framework
This study used Engel curves to analyze household 
head and spouse farm expenditures for adopters and 
non-adopters of CSA practices. From an economic 
outlook there exists a bond between farming expen-
ditures and household decisions on adoption of a 
technology within a constrained household budget. 
Given that household expenditures are determined by 
demand, prices per unit and total earnings. Engel 
curves display the reliance of expenditure (E) on the 
sum of households’ and spouses’ wages, Yh+Ys, taking 
prices and other demographic characteristics (Δ) 
ceteris paribus.

	 E f Y Ys h= +( )|∆ � (1)
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Equation (1) is a restriction of the more general 
Engel curve

	 E f Y Ys h= ( ), |∆ � (2)

Equation (3) is a general specification of equation 
(2) that can be attributed to any collective model of 
household behavior and contains a quadratic specifi-
cation of the Engel curve:

	
E  o+ Y + Y + Y2s

+ Y2h+ shYsYh+ i  i.n
s s h h ss

hh

=
∑ +

β β β β
β β β ∆ e

� (3)

Δi, i = 1…., n are demographic variables reported, 
namely household annual incomes from household 
head and spouse, access to credit, saving patterns, 
and household size.

The term e in equation (3) is a random error term. 
It was assumed that farm expenditure results from 

Figure 1. L ocation of the study Site. Source: Climate Change Agriculture and Food Security (CCAFS), site of Nyando/
KatukuOdeyo, Kenya, in Sijmons et  al. (2013).
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restrictions of equation (2) such that βs = βh and 
βww = βhh = βhw/2. This meant that each income 
(from household head and spouse) had the same 
effect on expenditures. Equation (3) then was 
re-written in a restricted manner giving:

	
E 1 Y Y 2 Y Y 2Y Y

b

s h h2 s2 h s

i i i

= + +( ) + + +( )
+ ∑ +

β β β0

∆ e
� (4)

Equation (4) in a restricted form indicate that farm 
expenditures were pooled, on the other hand a 
rejection of these restrictions suggested that farm 
expenditures were not pooled.

2.2.3.  Limitation of the study
Several limitations were encountered during data col-
lection which included bad weather conditions and 
poor road infrastructure, enumerators had a challenge 
of language barrier where respondents not literate 
could not answer questions correctly. The weekly vis-
its to households for 362 days became too monoto-
nous that some respondents opted out. In some 
instances respondents found it difficult to disclose 
income sources, actual amounts, and expenditures.

2.3.  Binary regression model on determinants of 
CSA adoption/dis-adoption

This gave an overview of the nature of variables that 
influenced adoption of CSA practices. The binary 
independent variables were then computed to form 
the overall CSA dichotomous variables, hence, yes (1/
adopting) and no (0/not adopting) for the function 
of the logistic regression. Focus was on farm level 
economic aspects on incomes and farming 

expenditures which were analysed against the overall 
CSA adoption. Important variables considered were 
socio- economic characteristics (i.e. household size, 
off-farm incomes and CSA incomes). Further, institu-
tional characteristics namely access to credit, group 
membership, husbands and wife’s savings were also 
well thought-out. The variables were computed into 
the model as follows.

	 CSA 1 B 2I 3 SE 4 IL I i= + + + + +β β β β β ε0 � (5)

Where CSA denotes uptake; (B) CSA budget; (I) 
lncomes, (SE) Social- economic; IL, Institutional 
(banks, farmer groups, NGOs, donors, government) 
and ε the error margin. Variables used in the model 
are shown in Table 1.

3.  Results and discussions

3.1.  Descriptive statistics

3.1.1.  Shocks affecting CSA adoption and farm 
productivity by respondents
In this study shocks referred to climatic risks caused 
by unpredictable weather events and other uncer-
tainties that destroy the sustainability and livelihood 
of a rural household/community. Respondents were 
asked whether they had experienced a shock within 
2 waves (January to June and July to December). 
Results on Figure 2 indicated that unpredictable 
emergence of new pests and diseases (in crops and 
livestock) was noted by (80%) of farmers, little/excess 
rainfall (66%), sickness and deaths of household 
members (34%), and increase in input prices (19%) 
for both adopters and non-adopters. Similarly, high 
price on farm produce was reported by (59%) of the 

Table 1. D escriptive statistics of variables used in the Logit regression model.

Variable Code Description Measurement
Expected 

sign

Dependent variable
Type of Household Typhh Dummy CSA participation = 1

Non-CSA participation = 0
+/−

Independent variables
Household characteristics
Education level Edu Continuous Number +
Household size Hsze Continuous Number +
Off-farm income Offinc Continuous Ksh. +
CSA farm incomes CSAinc Continuous Ksh. +
Farm level economic issues
Household CSA budget Continuous Ksh. +
Husband income Continuous Ksh. +
Institutional
Credit access CSAinvst Continuous Number +
Group membership Grp Dummy Yes = 1/No = 0 +/−
Husband’s saving Hs Continuous Ksh. +/−
Wife’s saving Ws Continuous Ksh. +
Distance to market Dis Continuous Km +

Note. *1Dollar fluctuated between Ksh.105 and 115. This was the exchange rate during the Survey period (2019–2020).
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respondents within CSVs and (45%) in non-CSVs. 
Weather shocks related to climate variability like 
droughts, floods and rising temperatures Godino, 
(2021); Ogallo et  al. (2019) are a driver to emergence 
of new pests, disease infestation and related stress 
on crops, livestock, as well as farmers and laborers 
(FAO, 2016). These are often unpredictable and result 
in major losses of produce and death of livestock 
thus affecting gains achieved in scaling up CSA prac-
tices. As a result of this Kenyan farmers lost Ksh 3 
billion losses of maize due to army worm infestation 
in 2017 (De Groote et al., 2020). This scenario explains 
why there has been an improved adoption of pesti-
cides and use of a range of drought tolerant crop 
varieties. On the other hand, little rainfall leads to 
stunted growth of crops and fodder leading to low 
yields, starvation and malnutrition of both people 
and livestock due to over reliance on rain-fed agricul-
ture. Field observations showed that there was less 
than (1%) of investment in water conservation and 
irrigation measures among CSVs and non-CSVs 
respondents. These observation present similar proof 
attained in Tanzania and Uganda by (Mwongera 
et  al., 2017; Belay et  al., 2017; and Elum et  al., 2017).

This study found that high food prices in CSV was 
attributed to high cost of inputs such as; pesticides/
fungicides, labor, fertilizer and veterinary drugs which 
was forcing farmers to sell their produce at a higher 
cost to recoup their production costs. According to 
Heeb et  al. (2019) the prevalence of pests has esca-
lated leading to losses of up to 100% if not man-
aged due to variation in weather patterns. 
Additionally, over-use of pesticides and exposure to 
high temperatures linked to climate change has 
reduced their effectiveness (Mulwa et  al., 2017; IPCC, 
2018; Mujeyi et  al., 2019). The repercussions of these 

reflects low productivity and less households’ earn-
ings. This subsequently affects food prices in the 
markets including other numerous nodes along the 
food value chain (e.g., storage, food quality, and 
safety). Likewise, institutional related shocks reported 
like inputs and high food prices due to market fail-
ures as a result to inaccessibility to markets can 
affect scaling up of CSA practices. This findings agree 
with FAO (2011) and Barnard et  al. (2015), that poor 
infrastructure to markets may hinder farmers access-
ing information, business and food losses due to 
market related drivers. Loss of family members from 
related stresses, especially those providing cash to 
invest on CSA may also have affected adoption and 
scaling up.

3.1.2.  Socio-economic activities of CSVs and 
non-CSVs respondents (T-test results)
Results in Table 2 showed that slightly more than 
(41%) of non-CSV farmers engaged in off-farm jobs 
compared to (39%) of CSA adopters in CSVs. The 
off-farm activities consisted of small businesses 
requiring very low capital investments. A major 

Figure 2.  Shocks experienced (%) by Respondents. Source: Baseline Survey data, (2018–2019).

Table 2.  ‘t-test’ Results on demographics in CSVs and 
NON-CSVs by respondents.

Variable

Adopters 
(n = 90)
Mean

Non-Adopters 
(n = 32)
Mean p-Value Difference

Age 54 53 0.345 1.0
Off-farm occupation 

(% of households 
with off-farm jobs)

39 41 0.035** 0.02

Saving decision 
(proportion of 
persons who 
saved)

70 50 0.048** 20

Access to credit 62 51 0.932 11.0

Standard errors in parentheses **p < 0.05 Source: Field Survey Data, 
2020.
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Table 3. E ducation level of respondents affecting CSA adop-
tion rates of respondents.
Education level of the 

household head
HH head 

(proportions) n = 122
Spouse (proportions) 

n = 122

No formal education 8.20 7.14
Primary complete 27.87 26.53
Secondary complete 13.11 9.18
Tertiary/university 

complete
9.02 4.08

Source. Baseline data (2018).

challenge to these start-ups was their survival and 
take-off which mainly depended on household 
needs, availability of working capital and business 
skills. Partaking off-farm jobs was positive and signif-
icant at (p < 0.05) compared to households that 
entirely depended on farming. The extra cash pro-
ceeds from off-farm activities may have enabled 
farmers to purchase the needed inputs and imple-
mentation of high investment CSA practices. The 
finding concur with Ojo and Baiyegunhi (2020), who 
found out that households earning extra cash from 
off-farm were more likely to adopt most CSA tech-
nologies, especially those which call for huge finan-
cial commitment. The findings suggested that 
off-farm incomes as an alternative source, was likely 
to heighten use of CSA practices.

Additionally, up-take of several CSA technologies 
within a season favoured farmers with financial abil-
ity. However, divergent views were observed by 
Mathenge et  al. (2014) who found that taking up 
off-farm activities abstracted attention away from 
farming activities. This is also a true scenario in the 
villages where women and men took part in 
agri-business. They exhibit dis-interest in investment 
on new farm strategies and divert crucial labor from 
farms to their small businesses.

Results in Table 3 revealed that saving decisions by 
CSA adopters had a mean of (70) compared to 
non-adopters at (50). They saved mainly in Self-help 
groups (SHGs), CBOs, micro-finance institutions like 
banks and Kenya Women Finance Trust (KWFT) a women 
based financial institution. The savings were necessary 
since they were the basis for ability to borrow loans 
from the financial institutions. The study found out that 
many smallholder farmers fail to comply and fall out in 
this regard. According to Chitakira and Ngcobo (2021), 
farmers should perhaps acquire affordable credits with 
negligible interest rates, flexible terms of repayment, 
insurance, subsidy and waiver during events of poor 
production due to adverse weather variations like pro-
longed drought, pests and diseases. There has been an 
arising awareness on need for future security in form of 
savings to cushion unforeseen shocks example death of 

family members, sickness, and weather related risks. 
According to Sethi (FAO), (2013) this may be an influ-
encing factor that can lead farmers towards tendency to 
save. The findings on saving decision by farmers may 
act as a “pull” as an enabler to credit access towards 
adoption of CSA and should therefore be emphasized.

Access to credit was significant (p < 0.05) and had a 
positive effect on households adoption rates of CSA 
practices with means of (61) and (51) for adopters and 
non-adopters respectively. The major informal credit 
lenders to over 40% of the smallholder were CBOs 
and SHGs through table banking, family members, 
friends, and through mobile money platforms. Other 
sources of credit included formal banks, and micro 
finance institutions. Loans assists in boosting cash 
required to facilitate and embark on innovative prac-
tices. The study found out that majority of smallholder 
farmers lack collateral and or savings to enable them 
access loans. Therefore, CCAFS introduced a kind of 
(merry-go-round) as an innovative fund in form of 
table banking to develop a culture of saving, to enable 
borrowing and investment and thus boost the finan-
cial strength of smaller village groups. According to 
Mulwa et  al. (2017) and Wekesa et  al. (2018), they 
found out that lack of financial access may hinder 
uptake of low or high capital CSA practices. Financial 
services, policies and government programs should 
focus specifically on marginalized farmer groups in the 
poorest income quantile who are often the worst 
affected by weather pattern changes. Access to credit 
by farmers through institutions, groups and intermedi-
aries could enhance the “pull” effect to adoption of 
CSA. Financial literacy and lending in groups will how-
ever need to be considered to reduce repayment 
defaults (Ruben et  al., 2018; Omore et  al., 2019).

3.1.3.  Education level of respondents affecting 
knowledge smart scaling pathway
Descriptive statistics on Table 3 indicate that (28) of 
household heads had completed primary level with 
only (27) spouses achievement. At least (13) of the 
respondents had completed secondary and just (9) 
of spouses. This implied that higher level of educa-
tion did not play a significant role in acceptance of 
CSA. This result implied that since trainings are usu-
ally carried out by CBOs to members, in field schools, 
radio and public gatherings the medium of commu-
nication i.e. use of local language was key. This 
enabled farmers to participate with ease and ask 
questions in areas not understood. Contrary, Bernier 
et  al. (2015) had earlier found that education level 
was interrelated with improved up-take of proficient 
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application of fertilizer and high yielding varieties, 
but with a decline in use of compost and cover 
crops. Though these practices may be deemed sim-
ple their adoption rates varied. The more sophisti-
cated a strategy is, the requirement for technical 
know- how on its implementation is paramount for 
example water pans construction, green houses, 
hydroponics, bio-gas production amongst others. 
This findings agree with Mujeyi et  al. (2019) that 
higher levels of education increases ability to com-
prehend, attain and grasp easily new technologies 
within a short time. This is also in line with results by 
Gido et  al. (2015) who stated that a build on farmers’ 
innovativeness and improved information access is 
enhanced by higher levels of education which are 
vital in the adoption of better farming methods.

According to results by Oostendorp et  al. (2021), 
dis-adoption rates were high in fertilizer use and 
improved breeds in 2017–2020. On the other hand, 
there was more adoption of high yielding varieties in 
2020. Field observations revealed that majority of 
farmers with low education level relied more on 
indigenous knowledge, cultural beliefs and often 
related conventional knowledge with costs. Therefore, 
these may have contributed to increased dis-adoption 
rates in fertilizer and improved breeds adoption. 
According to Mathews et  al. (2018), unreliable 
weather patterns has disrupted the traditional farm-
ing practices, livelihoods and earnings of smallholder 
communities who practice semi-subsistence agricul-
ture. Encouraging adult education is key as a means 
to achieving basic literacy amongst small scale farm-
ers. This will inform them on importance of CSA 
interventions in the wake of climate change and 
thus a “pull” towards adoption to enhance resilience.

3.1.4.  Markets accessibility affecting adoption  
of CSA practices by respondents
Distance (measured by walking in km) to serviced road, 
and open agricultural markets were variables considered 
on participation in CSA practice. Results in Table 4 show 
that distance to food market for adopters was found to 
have a mean of (2.9) and for non-adopters was (3.2) km. 
Livestock markets seemed to be relatively far with a 
mean of (8.8) and (8.9) Km for adopters and 

non-adopters. Kassie et al. (2013) observed that not only 
does distance affect access to the market, but also the 
accessibility of new technologies, information and credit 
institutions thus having a negative correlation. 
Cooperatives and creation of collecting centers for pick-
ing livestock could reduce transportation challenges, 
middlemen and brokers along the value chain. This 
finding concur Iskandar and Gatzweiler (2016) and 
Mujeyi (2019) who found that during rainy seasons rural 
gravel/murram feeder roads are often impassable result-
ing to disruption in transport services and costly charges. 
Good infrastructure by county governments is also nec-
essary in order for produce to reach markets on time 
and hence reduce on losses from spoilt produce. All 
these could act as “pull” aspects to enhance farmers to 
adopt CSA practices for higher yields and income gains 
where markets are accessible.

3.2.  Household decision-making mechanisms on 
CSA adoption and scaling up

3.2.1.  Engel curves indicating household decisions 
on CSA adoption and scaling up expenditures
The budget share Engel curves were used to describe 
how the proportion of household income spent on var-
ious goods varies with income. Engel curves were found 
to be suitable since they clearly display how real expen-
diture varies with household income. The study sought 
to find out whether rural household members cooper-
ated on budget share decisions impacting on CSA 
adoption and scaling up. Using the local weighted esti-
mate scatter plot (LOWES), results in Figure 2 indicate 
that spouse/wife’s contribution to scaling up expenses 
significantly went down as the husband’s income 
increased. This indicated cooperative decision making 
between wife and household head/husband in graphs a 
and b (Figure 3). Although wife’s contribution to farming 
activities increased as her income increases, it was only 
to a certain point as presented in the Engel graph (c). 
The same trend was observed in graph (b) for wife’s 
farm expenditure against the total household income. 
The results are expected since wife may reduce their 
participation in farm expenditures (CSA) adoption and 
scaling up and boost utilization of personal and chil-
dren’s goods (health, clothes, group savings). This leaves 
farming expenditures to men and their responsibility. 
The results agree with findings by Bjornlund et al. (2019) 
who found out that all financial decisions were the 
responsibility of men in Tanzanian. Men proposed that 
women were wasteful and often engaged in needless 
expenses such as buying luxurious items and new 
clothes. On the other hand, women viewed their 

Table 4. D istance to various markets.

Variable (Kms)

Adopters 
(n = 90)
Mean

Non-adopters 
(n = 32)
Mean Difference

Distance to motorable road 0.59 0.75 0.16
Distance to food market 2.96 3.28 0.32
Distance to livestock market 8.79 8.98 0.19

Source: Baseline Survey, (2019).
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Figure 3.  (a–e) Engel curves on wife and husband household expenditure ratios. 
Source: Author (2020).
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expenditures as a need and necessary and often secretly 
sold crops to attain cash. Graph (e) shows that as house-
hold’s welfare improved with more incomes, wife’s con-
tribution to expenditures rose up-to a certain level then 
it started to decline. These results concludes that coop-
erative decisions within rural households could boost 
adoption and scaling up of CSA practices.

3.3.  Determinants of adoption/dis-adoption of 
CSA strategies in Nyando basin

Results in Table 5 illustrate that important determi-
nants of dis/adoption of CSA practices were house-
hold head’s income, household expenditure, 
household size, and household’s savings patterns. 
Household head’s cash significantly (p < 0.001) was 
associated with contribution to farm expenditure. 
The coefficient was negative (−.227) suggesting that 
as incomes increased his contributions declined by 
22%. Household expenditures significantly (p < 0.001) 
and positively (0.240) affected contributions to farm 
expenditures by 24%. This signified that as house-
hold’s expenditures increased more resources were 
required to ease budget constraints on consumption, 
CSA input costs, school fees, health and thus cooper-
ative decisions were necessary. Household size sig-
nificantly (p < 0.05) and positively (0.0189) impacted 
on contribution to farming expenses rising by 18%. 
The results suggests that a large family demands a 
higher expenditure on their various needs which 
may constrain budget against CSA adoption. 
However, their contribution to farm labour may influ-
ence adoption rates. Husband’s savings significantly 
(p < 0.1) and negatively (−0.09) affected contributions 
to expenditures by a decline of 9%. Interestingly as 
his savings increased contribution to farm expenses 
reduced. The findings suggest that as husband’s sav-
ings and incomes increase he shifts focus to large 
investments like building a house, machinery and 
even marrying a second wife.

On the other hand, wife’s savings significantly (p 
< 0.05) and positively (0.107) influenced contribu-
tions 10%. This finding put forward the fact that 
spouse’s savings which often enabled borrowing 
from SHGs which supported some farm expenses. 
Spouse’s savings accrued from social-capital endow-
ment (merry-go rounds from groups and financial 
help- gifts/remittances from relatives, friends) was 
observed as a livelihood diversification strategy. 
However, worth to note was the result that CSA 
adopt was negative (p < −0.0163) and not signifi-
cant (0.735), suggesting that being an adopter of 
the practices did not influence adoption rates of 
households slightly by1%. On the other hand, CSA 
farm incomes significantly (p < 0.001) and positively 
(1.566) influenced expenditures thus resulting to 
adoption of various practices. This informed that, as 
incomes from CSA practices more investment on 
farming was feasible which increased adoption rate.

This observation concluded that as benefits from 
the practices rose, up/out scaling was viable through 
CSA adoption. As observed by Milder et  al. (2011), 
CSA is normally more lucrative in the long-run in 
contrast to convectional agriculture. However, achiev-
ing the long-term gains necessitate high start-up 
cash injection, which regularly is unaffordable and 
uncertain for a majority vulnerable smallholder farm-
ers to embark on (Aggarwal et  al., 2018). This often 
is the case especially for farmers that are risk averse 
in relation to their food security distress. Additionally, 
according to Hobbs (2007) many farmers earn profits 
within 1st year of adopting CSA, others do not expe-
rience higher yields or success until after 3–7 years. 
Therefore, due to long time lag farmers may decide 
to abandon CSA for other alternative income earning 
activities. Therefore, long term adoption and scaling 
up is more desirable to most farmers when CSA 
offers noteworthy gains in the 1st or 2nd year (Reij 
et  al., 2009). The deficiency of or scarce financial 
resources to obtain farm inputs represent a 

Table 5.  Binary Regression model results on determinants of CSA adoption/dis-adoption.
Variables Coef Std. Err t p>|t| [95% Conf. Interval]

CSA adopt −.0163915 .0483003 −0.34 0.735 −.1124254 .0796424
Husband log_income −.2279732 .0239473 −9.52 0.000*** −.275587 −.1803595
Household log expenditure .2403621 .0287422 8.36 0.000*** .1832149 .2975094
Access to credit .0382828 .0471155 0.81 0.419 −.0553954 .131961
Group membership −.0268202 .0196859 −1.36 0.177 −.065961 .0123206
Household size .0189174 .0092631 2.04 0.044** .0004999 .0373348
Husband_savings −.0908123 .0495008 −1.83 0.070* −.1892331 .0076085
wife_saving .10779 .0468185 2.30 0.024** .0147022 .2008777
off_farm incomes .0091083 .0449677 0.20 0.840 −.0802996 .0985162
CSA farm incomes 1.56601 .3266709 4.79 0.000*** .9257374 2.206264
_cons −.0857415 .2546288 −0.34 0.737 −.5920117 .4205287
*P < 0.01; **p < 0.05; ***p < 0.001.
Source: Survey data (2019–2020).
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significant hurdle to smallholder farmer adoption of 
CSA especially if implentation costs are high.

3.4.  Pathways to scaling up CSA practices

3.4.1.  Integrating CSA adoption in extension 
services capacity building
Extension services provides capacity building needs 
to farmers in the form of training and information. 
However, this was identified as the single major bar-
rier to CSA adoption across all regions in 33 countries 
in Africa, Asia and Latin America CSA sites (Vernooy & 
Bouroncle, 2019). Results in Table 6 showed that in 
CSVs (69%) of the respondents accessed extension 
services compared to 57% in the non-CSVs. Major 
roles played by extension agents were creating aware-
ness and demonstrating recent CSA technologies. The 
main objective being promoting sustainable farming 
which requires an entire new component of expertise, 
inspection, observing and risk evaluation. The County 
governments in the study area offer demand driven 
extension services. Other extension service providers 
are One Acre Fund, Kenya Agriculture and Livestock 
Research Organization (KALRO), CCAFS, (International 
Livestock Research Institute (ILRI) amongst others. 
However, it was noted that farmers preferred NGOs 
and donor agencies’ extension support than from the 
county government’s staff. Mulwa et  al. (2017) and 
Maguza-Tembo et  al. (2017) concluded that many 
contacts with extension service agents enhances 
indigenous skills, knowledge which encourages 
uptake of a range of farm technologies with ease. 
This concurs with observations by Eshetu et  al. (2020) 
that, farmers’ actions while implementing various 
practices, maybe insufficient without government 
extension services in order to merge both adaptive 
knowhow and technical support. A major inhibiting 
factor in extension service delivery in Kenya is that it 
is a function devolved to the 47 counties under (2010 
constitution) and its effectiveness has been declining 
due to lack of field officers, and lack of commitment 
by government. This has resulted to Kenya rated as 
an importer of food (GoK, 2023). Heightened cam-
paigns through extension service should be under-
taken as a matter of urgency to counter high 
dis-adoption rates across almost all CSA practices as a 
“pull” mechanism to promote their scaling.

3.4.2.  Integrating CSA adoption to group 
membership and welfare of respondents
As indicated on Table 7 group membership (pooled) 
was (46.36)% for the household head while 50% for 
the spouse. Mixed groups were preferred at (82.35) 
and (70.91)% for household head and spouse respec-
tively. The study findings suggested that farmers who 
participated in collective action (i.e. through farmer 
groups/organizations), had a higher probability to 
adopt CSA practices, such as use of high yielding and 
drought resistant crop varieties, pesticide/herbicides 
application against pests. The results agree with Ngigi 
et  al. (2017), that group-based strategies and involve-
ment promoted execution of CSA practices.

In the study area CSA is advocated and promoted 
by CBOs whose highest membership percentage and 
leadership positions are occupied by women. Nichols 
(2021), adds that there is heightened deployment of 
women-led self-help groups (SHGs) as an avenue for 
conveying development projects by donor agencies 
and non-governmental organizations. Nonetheless, 
presently very negligible thoughtfulness about SGHs 
exists on how effective or if they are equitable plat-
forms for delivering CSA and livelihoods intercessions.

These associations offer linkages to credit and 
extension services providers which are important ele-
ments for adoption of CSA technologies. The findings 
agree Bizikova et  al. (2020, that farmer organizations 
enables members to get farming skills, climate infor-
mation, and market linkages as a means to alleviate 
resilience to cope with climate change. Groups also 
offer interactions, exchange of ideas, farm demon-
strations and trainings including dissemination of 
important research findings. Gido et  al. (2015) high-
lighted that groups ease effort by extension agents 
to access group members which lowers cost of ser-
vice delivery. This ensures economies of scale by 
ensuring many contacts with members are achieved 
per learning session. Further, from the findings youths 
seem not to be interested in group membership and 
thus the laxity in engaging in farming activities. This, 

Table 6.  Access to extension services (% of respondents).
Adopters (n = 90)
Percentage

Non- adopters (n = 32)
Percentage Difference

69 57 22**

Table 7. G roup membership of respondents.
Household head 
(Membership %)

Spouse (wife) 
(membership %)

Group membership 46.36 50.00
Group type
   Women group 15.69 29.09
   Men group 1.96 0
   Youth group 0 0
   Elderly group 0 0
   Disabled persons 

group
0 0

   Mixed group 82.35 70.91

Source: Survey data (2019–2020).
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therefore hampers on the “pull” of youths in learning 
through interaction in groups for adoption of CSA. 
For adult group members within communities learn-
ing interface through extension agents is made favor-
able. Groups promote active participation in activities 
via ideal communication styles using local languages, 
simple illustrations and learning by action (demon-
strations), this making the learning sessions a welfare 
activity thus a “pull” factor to farmers to upscale CSA.

In Figure 4 findings indicate that (40)% of respon-
dents were affiliated to independent groups while 
(36%) to CBOs. Church groups also seem to be import-
ant with (10.9)% of respondents being members. In a 
research by Nichols (2021), he stated that group gath-
erings are avenues where women partake formal pro-
cedures (such as opening hyms/prayer, deposit cash, 
loan repayment and requests) and explicitly discuss 
pertinent agendas. Social capital is supposedly forti-
fied through the habitual of these meetings, and a 
cooperative is created that is pro-active in securing 
other benefits for members. As a guide to SHG-routed 
development, participation based on learning inter-
cessions may have positive implications on CSA adop-
tion rather than credit/loans or handouts access which 
may be less feasible. Work burdens and illiteracy levels 
often constrains involvement, thus these may hinder 
the key goal of SHGs as an empowerment tool for 
women. In order to “pull” farmers and permit them to 
implement CSA practices, caution should be observed 
not to create undue burden on group member’s time 
in the name of SHG activities. More emphasis should 
focus on investment on basic literacy provided by 
adult education programmes.

3.4.3.  Integrating CSA to key commodity value 
chains in the study area
Observations in Sub-Sahara Africa Totin et  al. (2018), 
show that institutions in particular private sector 

support for agricultural development and for CSA 
technologies (e.g. markets) is weak and often 
regarded as a bad business practice. Nonetheless, 
resilient public–private partnerships seem to be an 
encouraging alternative for upscaling CSA technolo-
gies to create business opportunities. On the per-
spective of the project, the information in Figure 4 
was gathered from field observations and attendance 
of group meetings. This study found poor market 
environment and limited value addition of farm pro-
duce, as the most critical challenges inhibiting better 
prices for actors especially the producers in the area. 
This is in agreement with Kirui et  al. (2018), who 
concluded that many farmers in rural Kenya are 
inhibited by poor marketing facilities characterized 
by high cost of transportation, poor storage, and 
massive waste and losses.

Various actors performed different functions 
which comprised of; input supplying, production, 
collecting/transporting, merchandising, wholesaling 
and retailing to various consumers. Small-scale farm-
ers directly supplied/sold at farm level to (rural) road 
side traders or at the local markets, devoid of asso-
ciation with co-operatives or Ministry of Agriculture, 
livestock and Irrigation (MoAL&I). At the farm gate 
level outputs were traded through barter trade or 
via cash or mobile money transaction, whilst the 
remaining produce was sold at the roadsides. The 
results further revealed that other producers directly 
supplied local rural retailers/shops who bulked and 
sold directly to traders within and beyond the 
vicinity.

Additionally, enablers were actors identified in the 
value chain process under the umbrella of institu-
tions/organizations and cooperatives who were not 
part of the CSA project. Their mandate is to oversee 
farmers’ progression and their activities run profi-
ciently. They provided trainings, credit facilitation, 
market information and projects facilitation. These 

Figure 4. G roup affiliation to larger organizations by respondents.
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enablers included sugar and rice boards, Ministry of 
Agricultural extension Officers, (Kenya Agriculture 
and Livestock Research Organization (KALRO) field 
staffs and CCAFS project staffs. The boards majorly, 
performed the task of linking farmers with the con-
sumers and national markets in the major cities of 
the country. Intermediaries namely middlemen, bro-
kers and transporters also participated as enablers. 
Meanwhile, the extension officers performed the role 
of providing technical skills and knowledge to pro-
ducers along the value chain process.

The evaluation from field observations was 
unable to further analyze the flow of the farm pro-
duce along the value chain map owing to lack of 
data on the actual quantities transacted in each 
node of the value chain. The assessment further 
noted that apart from sugarcane, rice and maize, 
very little of other food produce was exported to 
other regional markets and neighboring country 
(Uganda). Food scarcities and low fertilizer use 
impacted on low productivity which informed why 
respondents were a net importer of food from other 
counties. Key to note was the potential linkages 
that were lacking namely processors, farmers and 
traders to farmer/trade groups or co-operatives. The 
farmer cooperatives could be avenues for farmers to 
access loans, subsidized inputs, market information 
and export markets. The commercialization/market 
based pathway is majorly a “pull approach” to scal-
ing. This uses monetary based inducements and 
market-driven approaches to “pull” farmers into 
implementing the CSA technologies by using con-
tract farming where private organizations and insti-
tutions are involved. Providing crop insurance and 
credit too may permit farmers to be well set to 
implement new technologies (Bui & Vu, 2020; Reyes 
et  al., 2015). These guarantees markets for their out-
puts assurance however, processing and value addi-
tion were observed as prevailing gaps/aspects 
requiring urgent consideration.

Westermann et  al. (2015), in a CCAFS working 
paper reiterates that value chains can link many 
actors around a common objective. They can create 
a conducive environment for exchange of knowl-
edge, discussion, capacity building and create nego-
tiation capacities. Mapping value chain dynamics, 
especially for production-oriented agricultural tech-
nologies, can highlight the scope and prospects for 
diversification or added value and create interest of 
players who build market demand (Neufeldt et  al., 
2015). Value chains can also be used by government 
and private entities to deliver subsidy programmes, 
credit and extension services (Figure 5).

4.  Conclusion and policy implications

The adverse effects of changing weather patterns 
have been exhibited in Sub-Saharan Africa leading 
smallholder farmers to abandon farming activities and 
turn to other off-farm diversification strategies. This 
has led to decreased production and challenges in 
scaling-up of technologies within and outside the 
scope area. Study findings indicate that some of 
determinants affecting scaling up adopted CSA prac-
tices were prevalence of pests and diseases, high food 
and input prices. On socio-economic aspects off-farm 
incomes was found to be significant and positive 
especially in the non-CSVs. Education level did not 
play a key role in CSA adoption, however, indigenous 
knowledge, cultural beliefs and technical knowledge 
access had an effect on dis-adoption rates. There was 
gender equity and pooling of resources in the CSVs 
which could contribute to pathway to scaling-up. 
Likewise, farmers in the CSVs had more contacts with 
extension agents thus encouraging knowledge smart-
ness on CSA practices. On market value chains aspects, 
actors and agents seem not to exhibit collaboration 
and information sharing was absent. The market envi-
ronment was not attractive with poor road networks, 
scarce market infrastructures like buildings/sheds and 
poor sanitation. Majority of the small-holder farmers 
preferred selling goods at farm gate or at road sides. 
The enablers in the value chain like government offi-
cers, financial institutions and NGOs were absent.

The study recommends agronomists and breeders 
to consider agronomic biofortication technologies 
under climate change and test under different geo-
graphical localities in the near future. Most convec-
tional breeding approaches are time consuming and 
breeders have to wait for a long time for results. 
Therefore use of Omics could offer many advantages 
over traditional breeding at crop level and artificial 
insemination for livestock as best options in future.

Environmental hazards can be limited by applica-
tion of quantitative framework that creates a platform 
to assess location-specific vulnerability. However, to 
exploit this framework, policy makers should choose 
their most favorable approaches in policy formulation. 
Financial institutions should come up with favorable 
credit facilities to assist farmers continue adopting 
CSA technologies and practices and up-scale. Smart 
marketing strategies should be implemented such 
that there is free flow of information, value chain 
actors’ collaboration, good infrastructure and value 
addition to act as pull factors to farmers to increase 
food production. In this entire scenario, there is need 
to apply and test this study’s findings and knowledge 
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on similar site specific regions and countries. This may 
input a comprehensive policy approaches to guide 
farmers on importance and need to up-scaling CSA in 
order to overcome food production challenges due to 
changing weather patterns encountered by most 
countries now and in future.

6.  Area for further research

More research should be conducted to test modern 
approaches and frameworks at site specific locations, 
to evaluate and advice policy on best strategies to 
apply under current climate change challenges.
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