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Determinants of the intensity of adoption of climate-smart horticulture
practices in Taita-Taveta County, Kenya

Jimson Nyambu Mwikamba, David Jakinda Otieno and Willis Oluoch-Kosura

University of Nairobi, Nairobi, Kenya

ABSTRACT

Horticulture is an important sub-sector of the Kenyan economy that contributes to food and
nutrition security as well as a source of income to small-scale farmers. However, the sub-sector
is largely affected by climate variability. Although various efforts have been initiated towards
climate-smart horticulture (CSH) practices to reduce the challenges, most farmers have not
adopted the practices and the reasons for this are not comprehensively documented. This
study sought to address this knowledge gap by analyzing the determinants of the intensity
of adoption of CSH practices in Taita-Taveta County in Kenya. The study used primary data
from 403 randomly selected farmers who grow green grams and tomatoes. Negative binomial
regression model was applied to analyze the determinants of the number of CSH practices
adopted. Results show that the main CSH practices adopted were crop rotation, well-adapted
seed varieties, live barriers to prevent soil erosion and organic manure. The extent of adoption
of CSH practices varied greatly in the three locations due to their geographical and
agro-ecological differences. Mobile phone use on CSH, access to agricultural extension
services, awareness of CSH and trust on information relayed through the mobile phones
increased the intensity of adoption of the identified CSH practices by 24%, 17%, 54% and
12%, respectively. However, climate change awareness and increase in farm size under crop
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reduced the intensity of adoption of CSH practices by 29% and 4%, respectively. The intensity
of adoption of CSH practices was positively affected by mobile phone use, education level,
gender, trust and CSH awareness. However, farm size and climate change awareness were
found to negatively affect the intensity of adoption of CSH practices. These findings point to
the need for location-specific CSH practices and credible climate-smart agriculture (CSA)
information. Institutional support services such as agricultural extension, technical skills and
mobile phone services should be packaged innovatively to meet the specific requirements of
horticulture farmers in different crop enterprises and agro-ecological conditions rather than a
one-size fits all approach.

1. Introduction action (World Bank, 2023). There have also been con-
certed efforts by the Food and Agriculture
Organization of the United Nations (FAO) to support
farmers to develop and implement country-specific
climate smart agriculture strategies and technologies
around the world in order to deal with the conse-

quences of climate variability (FAO, 2021, 2022).

Global climate change exhibited through occurrences
such as extreme changes in temperature, unpredict-
able droughts and floods, and variability in rainfall
patterns exert serious challenges on horticultural
crop production including planting and harvesting
schedules and quality of farm output (FAO, 2022;

Shah et al.,, 2024). The country climate and develop-
ment reports (CCDR) published by the Conference of
the Parties to the United Nations Framework
Convention on Climate Change (COP) (specifically
COP28) from 42 countries, show that the world is
alert on averting the negative impacts of climate
change through policy frameworks that will lead to

According to the world economic forum, Africa
derives about 35% of its gross domestic product
(GDP) from agriculture. This increases the vulnerabil-
ity of African states to climate change problems. For
example, it is projected that climate shocks will
reduce agricultural productivity by up to 17% by the
year 2050 across many countries in Sub-Saharan
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Africa (SSA) since cropping systems are 95% rain-fed
(McKinsey Global Institute, 2020; World Bank, 2023).
Further, a thirteen-year assessment of the welfare
cost of drought in the SSA region showed that
weather variability increased total poverty gap to
between 4 million to 2.4 billion US dollars (World
Bank, 2024). This implies that there is an urgent need
to rapidly employ climate-smart agriculture (CSA)
strategies that seek to increase productivity, enhance
resilience and reduce greenhouse gas emissions.

Horticulture is the second largest foreign exchange
earner to Kenya's economy after tea. It contributes
26% of the agricultural GDP; much of this is from
flower farming where 95% of output is exported.
About 96% of the fruits and vegetables output is
consumed locally; 90% of this coming from
small-scale farms (Kenya National Bureau of Statistics
(KNBS), 2023), which underscores the critical role that
the sector plays in the economy. However, the sector
faces a myriad of challenges that include inconsis-
tent climatic conditions, which influence pests and
disease infestation, water availability, production
schedules and output quality (Azam et al, 2017;
Andati et al., 2022; Lanari et al., 2016).

In Taita-Taveta, crop farmers have continued to
experience yield losses including 75% for maize, 69%
for beans and 48% for green grams occasioned by
inconsistent climate variability, such as rising tem-
peratures and erratic rainfall patterns (Motaroki et al.,
2021; Nyambariga et al., 2023). For instance, pro-
longed droughts and rising temperatures caused
streams (which are main sources of irrigation water)
in Taita hills and some lower parts of the county to
dry severely affecting the source of livelihood for
crop farmers. This situation is predicted to worsen in
future and contribute considerable negative impacts
on the food security situation and poverty levels of
the farmers in the area (MoALF, 2016; Nyambariga
et al,, 2023). In the year 2022, the volume of vegeta-
bles exported declined by 20% due to low produc-
tion. This was occasioned by climate change impacts
including prolonged droughts, low water levels and
crop failure in the key horticulture producing parts
of the country (KNBS, 2023).

There have been concerted efforts by the govern-
ment of Kenya (through Kenya climate smart agri-
culture project (KCSAP)) to alleviate the climate
change problems faced by farmers. However, the
approach is broad-based and does not support all
the crop value chains. Therefore, specific interven-
tions such as climate-smart horticulture (CSH) are
needed to urgently prevent the negative climate
change impacts from worsening. The CSH concept'

entails adapting and building resilience of horticul-
ture to climate variability, improving horticulture
productivity and food security while being cogni-
zant of the environmental sustainability concerns
(Sahu, 2016).

The CSH practices can be grouped into four main
categories that entail innovative ways of: managing
farms, crops, reducing farm risk and conserving the
soil (Thornton et al., 2018; Wekesa et al, 2018).
Innovative crop management methods include inte-
grated pest management, crop irrigation, use of
improved seed varieties that are well adapted to
local climate, crop rotation, matching planting dates
to climatic conditions and efficient use of inorganic
fertilizers (Shah & Wu, 2019).

General field management practices include use
of terraces, agroforestry and use of live barriers -
which are strips of crops (such as grass) planted
along a contour to prevent soil erosion (Caulfield
et al., 2020). Soil conservation practices entail the
use of organic fertilizers, cover crops, composting,
mulching and conservation agriculture (Baumhardt &
Blanco-Canqui, 2018).

On the other hand, farm risk reduction practices
include crop diversification, use of farm water ponds,
use of information technologies to guide farm activ-
ities and crop insurance (Malhi et al, 2021; Sorvali
et al.,, 2021).

Previous studies have indicated that farmers who
adopted all the four main CSH practices had higher
household food consumption scores (HFCS) and crop
revenues than non-adopters (Issahaku & Abdulai,
2019; Wekesa et al.,, 2018). It has also been shown
that adoption of CSA practices is affected by a myr-
iad of factors. For example, Diro et al. (2022), Issahaku
and Abdulai (2019) and Kurgat et al. (2020) revealed
that gender, household resources, education of the
household head, access to weather information and
agricultural extension and ownership of communica-
tion devices are major determinants of CSA adoption.

Further, while Musafiri et al. (2022) found that
women-headed households adopted more CSA prac-
tices than their men counterparts in Western Kenya,
Negera et al. (2022) obtained contrary findings in
Ethiopia (where men-headed household farmers
adopted more CSA practices than women-headed
household farmers). This means that there is need
for more studies to provide clarity on the household
gender variable and its effects on climate change
management efforts. Mashi et al. (2022) also noted
that awareness and subsequent adoption of CSA
technologies and practices in Nigeria depended on
farmer and farm environmental factors such as



education, economic assets and climate change
experience. More specifically, Cavanagh et al. (2017)
found an average adoption rate of 53.6% for CSA
land management practices; with the ‘very poor’ and
‘poor’ groups exhibiting substantially lower adoption
rates (42% and 49%, respectively) relative to the ‘less
poor’ wealth groups (73%) in Western Kenya.
Facilitating access to credit facilities by poor farmers
could help improve the adoption of CSA technolo-
gies (Waaswa et al., 2024).

While these studies provide rich insights on the
determinants of CSA adoption, there is limited empir-
ical knowledge on the factors that influence the
intensity of adoption of CSH practices (Howland
et al,, 2018). Taita Taveta is among the counties that
have been implementing the KCSAP project since
the year 2017 but no study has been conducted on
the determinants of adoption of CSH practices in the
area. This is the knowledge gap that the present
study fills in the specific case of smallholder green
gram and tomato farmers in Taita-Taveta, Kenya,
which are key sources of income for households, but
unpredictable climatic conditions remain a significant
barrier (MoALF, 2016; Motaroki et al., 2021; Taita
Taveta County Government, 2023).

This study contributes to the existing body of
knowledge on climate-smart agriculture by analyzing
the determinants of the intensity of adoption of
climate-smart horticulture practices in Taita-Taveta
County, Kenya and help to shape policy and agricul-
tural development interventions in the area.

2. Methodology
2.1. Study site

Taita-Taveta County is one of the six counties in the
Coastal region of Kenya and covers a land area of
17,084.1 Km?2 but nearly two-thirds of the land area is
occupied by Tsavo West national park leaving only
one-third for farming and other activities. The area
has eight different agro-ecological zones that range
from lowland zone (altitude of below 610m above
the sea level) to lower highland zone (altitude of
above 1680m) (Jaetzold et al., 2010; Taita Taveta
County Government, 2023). It also has different types
of soil varying from humic cambisols, rhodic farral-
sols and calcic cambisols in Wundanyi, Mwatate and
Taveta, respectively (Omwakwe et al, 2022). The
county has an average temperature of 23°C and
receives an annual mean rainfall of 650mm. Most
parts are generally dry except for the Taita hills area,
which has relatively high rainfall and a total arable
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land of 2,055 km?2. The variations in temperatures and
rainfall pattern in the area affect the distribution of
diseases and water availability for horticulture farm-
ers, which largely affect their productivity. The farm-
ers practice different farming systems (such as
commercialized irrigation, rain-fed and mixed farm-
ing systems) owing to the difference in agro-ecological
setting and apply different CSA technologies includ-
ing minimum or zero tillage, crop rotation and plant-
ing drought tolerant crop varieties (Autio et al., 2021;
Motaroki et al., 2021). The county is the highest pro-
ducer of horticultural crops in the Coastal region and
contributes about 6% to the national domestic value
of marketed horticultural output but still has high
number of people who are multi-dimensionally poor
relative to national levels (HCD, 2020; Taita Taveta
County Government, 2023). The main horticultural
crops grown are tomatoes, bananas, cabbages,
onions, French beans and green grams (Figure 1).

2.2. Sampling and data collection

A multistage sampling technique was applied to
select the study sites and respondents. In the first
step, Mwatate, Taveta and Wundanyi sub-counties
were purposively selected due to high population of
crop farmers compared to livestock farmers. Also, the
three sub-counties provide different agro-ecological
zones and climate setting which are relevant to the
context of this study. Before data collection, ethical
clearance was obtained from the University of Nairobi
and National Commission for Science, Technology
and Innovation (license number: NACOSTI/P/21/9137).
Data was collected in February/March 2021 through a
focus group discussion (FGD) checklist questionnaire
and household survey structured questionnaire.

The FGD had eleven (11) participants comprising
tomato and green gram farmers, agricultural exten-
sion officers, farm input dealers, local administrator
and credit providers. The discussion focused on the
meaning of climate change and CSH practices
adopted in the area.

This helped to gain broader insights on the study
area and validate the information collected in the
subsequent household survey. The use of question-
naires in the household survey was preferred because
it provided a structured sequence in data collection,
where the respondents were supposed to provide
direct answers to the research questions. The ques-
tionnaire was pretested and validated before the sur-
vey. The sample size was calculated using the formula
of Cochran (1977) because the exact population of
tomatoes and green grams farmers in Taita-Taveta
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Figure 1. A map of the research sites in Taita-Taveta County.

County was not known. The formula is shown in
Equation (1).
ZZ
n,==P (1)
e

where n, is the sample size, Z is the Z-critical value
at a particular confidence level, p is the maximum
level of variance, g is (1-p) and e is the desired margin
of error. This study used 95.1% confidence level and
0.049 desired margin of error. The p was assumed to
take a value of 0.5, since the disparity among CSH
farmers was not known and the fact that the study
covered different agro-ecological zones. Therefore, the
sample size was calculated as shown in Equation (2);

2
_ 1.960x0 o.gszx 05 _,00 @)
.04

This sample size was proportionately distributed
among the three sub-counties according to the 2019
Kenya population and housing census (KNBS, 2019)
as shown below;

81,659

Mwatate x400=143 (3)

’

Wundanyi 23,959 x 400 =98 (4)
228,840
Taveta 91222 x400=159 (5)
228,840

An extra 20 farmers (equivalent to 5% of sample
size) were added to cater for incomplete question-
naires and potential non-response. Subsequently,
four trained enumerators randomly picked respon-
dents from the three sub-counties using random
transect walks in the selected villages for interviews.
Prior to the interviews, the enumerators sought the
consent of respondents, assured them of data pri-
vacy and interviewed only those who were 18years
of age and above.

In addition, the enumerators were guided by vil-
lage guides from the local area for acceptability and
to assist with translation to local languages in cases
where farmers didn’t understand either Swahili or
English languages. A total of 415 respondents were
interviewed during the field survey but 12 question-
naires were found to be inadequately filled hence
they were not used in the analysis. There was low



response rate than expected from Wundanyi and
Mwatate sub-counties, where some farmers refused
to be interviewed. The difference was compensated
by interviewing more farmers in Taveta sub-county.
Therefore, this study used 403 questionnaires for
analysis (59 from Wundanyi, 122 from Mwatate and
222 from Taveta); 115 respondents were tomato
farmers, 259 green gram farmers while 29 farmers
produced both green grams and tomatoes.

2.3. Conceptual framework

Climate change problems such as erratic rainfall pat-
tern and high temperatures leading to floods and
prolonged droughts, often result in huge losses of
agricultural output (FAO, 2018). In order to reduce
this damage, farmers in the horticultural sector need
to adopt climate-smart practices such as innovative
timing of planting and harvesting periods, using
seed varieties adapted to the local environment, crop
rotation and diversification, insurance, integrated
pest management, conservation agriculture and
using real-time weather information from meteorolo-
gists to plan farm activities that build resilience and
improve farm productivity (Amadu et al, 2020;
Moranga, 2016; Wekesa et al., 2018).
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However, improved adoption of these practices
depends on several factors such as education, gen-
der, CSH awareness, farmer’s financial and physical
asset endowment, farm size, use of mobile phone to
access CSH information, access to credit and exten-
sion services, distance from farm to commercial bank,
trust on CSH information conveyed via mobile phone
and group membership (Kassa & Abdi, 2022; Ogisi &
Begho, 2023). All these factors including adoption
intensities are influenced by the policy environment
and market access at macro-level. The interaction of
these factors and how they influence the intensity of
adoption of CSH practices are presented in Figure 2.

2.4. Data analysis

Considering that the dependent variable (number of
CSH practices adopted) was a non-negative count
variable, either a Poisson model or negative binomial
regression model (NBRM) could be used in the anal-
ysis (Greene, 2003; Wooldridge, 2013). The negative
binomial regression is a discrete distribution of the
number of successes in a sequence of independent
and identically distributed Bernoulli trials before a
specified number of failures are observed (Yang &
Berdine, 2015).

Figure 2. A conceptual framework on the potential determinants of adoption of CSH practices.
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Table 1. Variables used in the analysis.
Variable

Measurement

Table 2. Characteristics of different types of climate-smart
horticulture farmers.

Gender of the farmer
Household size

1= Man, 0= Woman

Number of members

Farmer’s education level Years of formal education

Farming experience Years of farming

Farm size under crop Acres

Trust on information received 1=Yes, 0=No

Mobile phone use in CSH 1=Yes, 0=No

Group membership (formal and informal 1=In a farmer group, 0=
farmer group) Not in a farmer group

Access to agricultural extension service 1=Yes, 0=No

Access to credit (digital and formal credit) 1=Yes, 0=No

Climate change awareness 1=Aware, 0=Not aware

CSH awareness 1=Aware, 0=Not aware

Distance from farm to commercial bank  Kilometres

The NBRM is used for modelling count variables
that follow the negative binomial distribution. The
NBRM was preferred in this study because it general-
izes the Poisson model by introducing unobserved
effect into the conditional mean and relaxes the
assumption of equality between the conditional
mean and variance. This means that the NBRM does
better for over-dispersed data than the Poisson
model (Greene, 2003) (Table 1). Therefore, this study
applied the NBRM expressed as:

e*>\, \Z (>\ v, )yl
al

it

(yi|xi78): (6)
where )\ is distribution parameter, y =0,1,2,3,....
(countable variable that takes non-negative integer),
x, is a vector of independent variables and @, is the
stochastic term. This model was run using Stata 13
software by expressing Equation (6) as follows:

E(y,|x,,g)=exp(X’ﬁ+8) 7)
Taking logs on Equation (7);

IogE(y,|x,,g)=X’B+8 €)

3. Results and discussion

3.1. Characteristics of farmers adopting climate-
smart horticulture practices

Majority of farmers were men (60% pooled average)
and practiced tomato farming (84%) while more
women farmers (53%) produced green grams (Table
2). The average household size consisted of 5 mem-
bers, which is 20% higher than the national figure
(KNBS, 2019). Further, results show that most farmers
had completed eight years in school. This means that
the farmers had completed the primary level of edu-
cation according to the current education system in
Kenya. It was noted that the farmers had more than

Both green
Green grams and
grams  Tomatoes tomatoes  Pooled
Variables (n=259) (n=115) (n=29) (n=403)
Gender (men =1) 0.47 0.84 0.79 0.60
Household size (number 5.47 5.24 4.69 535
of dependants)
Education (years) 7.63 9.73 8.83 832
Farming experience (years) ~ 9.05 10.61 7.86 9.41
Farm size (acres) 1.47 0.99 223 1.39
Trust on agricultural 0.50 0.53 0.55 0.51
information received
through mobile phone
Mobile phone use on 0.47 0.70 0.76 0.56
CSH
Agricultural group 0.49 0.27 0.48 0.43
membership (yes = 1)
Access to agricultural 0.57 0.73 0.72 0.63
extension services
(yes = 1)
Access to credit (yes = 1) 0.10 0.10 0.14 0.10
Climate change 0.92 0.94 0.93 0.92
awareness
CSH awareness 0.65 0.75 0.86 0.69
Distance from farm to 19.23 15.84 28.99 18.97

commercial bank (km)

9years of experience in tomato and green gram pro-
duction. This means that they were aware of various
challenges and opportunities exhibited by the crop.
The average land size under green grams and toma-
toes was slightly more than one acre (1.39 acres
pooled average). This was less than 50% of their
average farm size (Nyambariga et al., 2022).

Over half of farmers used their mobile phones on
CSH and trusted the information relayed through it.
The findings show that less than half of farmers were
in farmer groups. Similarly, less than 15% of farmers
in both crops accessed credit and 92% were aware of
climate change. The farmers aware of CSH practices
were 69%. Most farmers were far from a commercial
bank (19km on average). This reduces the opportu-
nities for farmers to access credit unless they use
mobile banking services.

Although women generally dominate labour sup-
ply in farming, the high number of men interviewed
in this study could be an artefact of the random
sampling approach and the fact that male-household
heads in many African cultures rarely permit female
persons to participate in research interviews. The rel-
atively higher number of male respondents for
tomato than green grams is attributed to the fact
that tomato is a high value crop and has higher
returns while green grams have low returns. It also
implies that men farmers control most of the
market-oriented crops (lITA, 2016). This finding is
consistent with Rodgers and Akram-Lodhi (2018) and
Leavens and Anderson (2011) who found that cash



crops, which were high-value crops were mainly
grown by men.

The average household size consisted of 5 mem-
bers, which is 20% higher than the national figure
(KNBS, 2019). The household size affects the adop-
tion of CSA practices (Kassa & Abdi, 2022; Tadesse &
Ahmed, 2023). For example, Agbenyo et al. (2022)
showed that cocoa farmers who adopted irrigation
had significantly smaller household sizes compared
to those who did not adopt but the results were vice
versa on adoption of organic fertilizers. This implies
that a large household size favors adoption of
labor-intensive CSA practices.

Most farmers in Taita-Taveta County had com-
pleted eight years of formal schooling. This means
that the farmers had completed the primary level of
education according to the current education system
in Kenya. It is also an indication that most farmers
were able to read and write, which is in line with the
national literacy levels depicted by an increase in the
number of primary school students joining second-
ary schools (KNBS, 2023). Education shapes the per-
ception of farmers and increases their likelihood of
adopting CSA practices (Kafando et al., 2022; Kalu &
Mbanasor, 2020). It also enables farmers to interpret
climate-smart information (such as weather predic-
tions) and match it with the right type and variety
of crop.

The farmers in the area had more than 9years of
experience in tomato and green gram production,
which implies that they were aware of various chal-
lenges and opportunities exhibited by the crops. For
example, they were aware of varieties that were eas-
ily destroyed by storage pests and therefore sold
them immediately after harvesting to avoid
post-harvest losses. Further, some tomato farmers
were able to distinguish the effectiveness of different
agro-chemicals on various pests.

The relatively small farm sizes allocated to both
green grams and tomatoes could be explained by
the cost of inputs such as fertilizer, agro-chemicals
and water, which represent a considerable expense
to many peasant farmers. Over half of farmers used
their mobile phones on CSH and trusted the infor-
mation relayed through it. This means that mobile
phones are becoming part of important factors of
production among farming households (Aminou
et al, 2018). Factors such as improved access to
mobile phone network, electricity (solar and
hydro-electricity) and reduced cost of acquiring
mobile phones by the farmers are attributed to their
increased use in farming (CGTT, 2018; Mwikamba
et al., 2022).
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The results also show that less than half of farm-
ers were members of farmer groups. These findings
are similar to that of Ahmed et al. (2023) who found
that almost half of the farmers in Ethiopia were in
farmer groups (both formal and informal). This
implies that these farmers are connected through
social networks that play an important role in peer
learning about production technologies and can thus
improve adoption of CSH practices. Similarly, less
than 15% of farmers accessed credit. The low access
to credit is attributed to lack of collateral and collec-
tive action for credit (Twine et al., 2019) since most
loans offered through government departments such
as the youth enterprise development fund, women
enterprise fund and national government affirmative
action fund were mainly issued to groups. This was a
limitation to farmers in the area as most of them
were operating in family farms, leased land while
others were squatters.

Further, the results show that over 90% of farmers
were aware of climate change. However, less than
70% were aware of CSH practices. This implies that
their capacity to deal with emerging climate change
related problems was limited due to lack of relevant
knowledge and skills. Also, the results show that, on
average, farmers were away from the nearest com-
mercial bank (19km on average). This reduces the
opportunities for farmers to access credit unless they
use mobile banking services.

The deliberate focus on the commercial banks
(including the Agricultural Finance Corporation, Equity
bank, Kenya commercial bank and Qwetu Sacco - a
deposit taking savings and credit cooperative) was
because farmers trusted these institutions more than
micro-finance institutions operating in the area.

3.2. Adoption of climate-smart horticulture
practices by crop and geographical location

Figure 3 shows the adoption of CSH practices by
crops planted. The results demonstrate that the CSH
practice adopted is closely related to the type of
crop produced. Crop rotation was the most adopted
practice by farmers in the area. This is because crop
rotation is perceived as the cheapest method to con-
trol weeds, pests and diseases and restore soil fertil-
ity (Jalli et al., 2021; Weisberger et al., 2019).

On the contrary, a very low number (<10%) of
farmers adopted crop insurance. This is in line with
previous studies that showed low crop insurance
adoption rates due to inadequate knowledge about
insurance, high cost of premiums and the fact that
most small-scale farmers are poor (Ankrah et al,



8 J.N. MWIKAMBA ET AL.

Figure 3. Crop-specific adoption of climate-smart horticulture practices.

Table 3. Differences in adoption of CSH practices in the
study locations.

Mwatate ~ Taveta ~ Wundanyi
Climate-smart horticulture practice (n=122) (n=222) (n=59)
Planting well-adapted seed varieties ~ 0.61° 0.40¢ 0.70°
Matching planting dates with 0.24 0.22 0.32
weather information received
Crop rotation 0.68° 0.68° 0.90°
Use of cover crops 0.31° 0.26¢ 0.63°
Efficient use of inorganic fertilizer 0.17° 0.14¢ 0.27°
Terracing 0.56° 0.45¢ 0.85°
Agroforestry 0.45 0.45 0.58
Use of live barriers 0.39° 0.09¢ 0.782
Mixed farming 0.48 0.45 0.56
Crop insurance 0.03 0.02 0.03
Crop diversification 0.49 0.48 0.53
Use of organic fertilizer and 0.56° 0.32c 0.78°
compost manure
Mulching 0.43° 0.33¢ 0.59°
Minimum tillage 0.21 0.30 0.20
Use of farm ponds 0.19¢ 0.21° 0.41°
Integrated pest management (IPM) 0.11¢ 0.18° 0.29°
Contour cultivation 0.30° 0.27¢ 0.58°

Note: Superscripts * < represent statistically significant differences (at
10% or better) in CSH practices between the three locations in descend-
ing order.

2021). Tomato farmers adopted more CSH practices
compared to green gram farmers. This is because
tomatoes are more sensitive to soil, nutrients and cli-
matic conditions compared to green grams, which are

more resilient to climatic changes. Moreover, consid-
ering that tomato is a high value crop, farmers are
willing to invest more in it with an expectation of
higher returns.

Table 3 shows that the percentage of farmers who
adopted CSH practices greatly varied according to
the location. For instance, well-adapted seed varieties
were mainly used by farmers in Wundanyi and least
in Taveta. Most CSH practices identified were highly
adopted by farmers in Wundanyi (highlands) (70%)
compared to Mwatate (61%) and Taveta (40%). The
CSH practices include crop rotation, use of cover
crops, terracing, use of live barriers, use of organic
fertilizer or compost manure, contour cultivation and
mulching.

The percentage of farmers who adopted CSH
practices greatly varied according to the location
(Table 3). For instance, well-adapted seed varieties
were mainly used by farmers in Wundanyi and least
in Taveta. This is attributed to location-specific fac-
tors where Wundanyi has experienced more dramatic
climate variations (including permanent streams dry-
ing up) compared to Mwatate and Taveta (CGTT,
2018). Therefore, farmers had to choose their seeds



wisely since they are dependent on rain. This finding
conforms to previous studies, which noted that
agro-ecological, crop variety characteristics and rain-
fall affected the choice of crop variety to be pro-
duced (Dasmani et al., 2020; Kaliba et al., 2000).
Most CSH practices identified were highly adopted
by farmers in Wundanyi (highlands) compared to
Mwatate and Taveta (Figure 3). The high adoption of
live barriers, terracing, cover cropping and contour
cultivation is attributed to the topography of
Wundanyi sub-county - which is characterized by
steep slopes. This led farmers to use these methods
to prevent soil erosion. This means that adoption of
CSH practices are site specific (Thornton et al,, 2018).
High adoption of organic manure is due to the
farming systems - such as mixed farming (livestock
and crop farming) existing in the area. This makes
manure readily available for farming. Likewise, the
small sizes of farm land available in the Taita hills
(mostly Wundanyi) and the belief that certain farm-
ing methods control crop pests make farmers to
practice crop rotation (Acheampong et al., 2021).

3.3. Overall climate smart horticultural practices
adopted by farmers in Taita-Taveta County

Pooled results in Figure 4 show that 71% of farmers
in Taita-Taveta County adopted crop rotation while
only 2% adopted crop insurance. Terracing and use
of well-adapted seed varieties were adopted by over
half of farmers. These results conform to those of
Oostendorp et al. (2021) who found that most farm-
ers (over 66%) in Western Kenya adopted improved
seed varieties. On the other hand, more than half of
farmers did not adopt other practices such as inte-
grated pest management, contour cultivation, mulch-
ing, minimum tillage, water harvesting, agroforestry
and efficient use of inorganic fertilizer.

Andati et al. (2022) showed that adoption of
climate-smart agriculture practices by farmers in
Kenya was largely determined by their entrepreneur-
ial orientation reflected in their pro-activeness, inno-
vativeness and risk taking behavior. The high
adoption of crop rotation is attributed to the farmers'’
perception that it is the cheapest climate-smart
approach compared to other methods such as crop
insurance. This could also be attributed to the farm-
er's innovativeness (Andati et al., 2022). Further, the
limited knowledge on insurance products among
small-scale farmers and high premiums charged hin-
der them from adopting these products (Ankrah
et al, 2021). These findings are similar to those of
Kurgat et al. (2020) who found that farmers in
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Tanzania adopted various practices based on their
location, specific needs and affordability.

3.4. Factors influencing the intensity of adoption
of climate-smart horticulture practices

Table 4 presents the results from the NBRM on the
determinants of the intensity of adoption of CSH
practices. In this study, a CSH farmer was described
as a farmer who adopted at least one of the CSH
practices. Using a mobile phone on CSH increased
the number of CSH practices adopted by 24%. Most
farmers in the area received information, through
short messaging service (SMS), from the international
crop research institute for semi-arid tropics (ICRISAT).
The organization advised them on the time and type
of crop to plant. Other farmers received weather
information from the Kenya meteorological depart-
ment. Improving CSH awareness increased the num-
ber of CSH practices adopted by 54%. The farmers
received climate-smart horticulture information from
various sources including KCSAP officers, ICRISAT
agricultural extension agents, other farmers and
online sources - through the smartphones. However,
being aware of climate change decreased the num-
ber of CSH practices adopted by 29%.

The study found that increasing education level
and farming experience by a year increases the num-
ber of CSH practices adopted by 4% and 1%, respec-
tively. Access to agricultural extension services and
trust on the information received increased the num-
ber of CSH practices adopted by 17% and 12%,
respectively. On the other hand, increasing farm size
under green grams and tomatoes by one acre
decreases the number of CSH practices adopted by 4%.

Using a mobile phone on CSH increased the
number of CSH practices adopted by 24% (Table 4).
This may be attributed to reduced costs in searching
for climate-smart information and easy connectivity
with other farmers through the mobile phone. This
finding is consistent with the observation of Mittal
and Hariharan (2018) who showed that farmers who
used mobile phones in farming had adopted at least
one improved technology to deal with climate
change consequences.

Improving CSH awareness increased the number
of CSH practices adopted by 54%. This is because
farmers who were aware of CSH had knowledge on
which practices were best suited to their farms. Also,
awareness determines the nature and quality of cli-
mate change adaptation methods (Abbasi & Nawaz,
2020). The results conform to Rohila et al. (2018) who
found that CSA practices awareness improved
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Figure 4. Adoption of climate-smart horticulture practices among farmers in Taita-Taveta County.

Table 4. Negative binomial regression results on determinants of the number of CSH practices adopted in Taita-Taveta County.

Variable Tomato farmers (n=115) Green gram farmers (n=259) Pooled (n=403)
Coefficient Std. Error Coefficient Std. Error Co-efficient Std. Error
Dependent variable
Number of CSH practices (count)
Independent variables
Gender of the farmer (men = 1) -0.076 0.101 0.150%* 0.062 0.184*** 0.047
Household size (count) 0.009 0.018 0.014 0.013 0.014 0.001
Farmer’s education level (years) 0.022* 0.013 0.020** 0.009 0.035%** 0.006
Farming experience (years) 0.008* 0.005 0.006 0.004 0.010%** 0.003
Farm size under crop (acres) 0.016 0.030 —0.008 0.023 —0.044%** 0.015
Trust on information received (yes = 1) 0.061 0.069 0.253%** 0.069 0.115%** 0.045
Mobile phone use in CSH (yes = 1) 0.108 0.080 0.206*** 0.066 0.247%%* 0.048
Group membership (formal and informal farmer 0.082 0.078 0.248*** 0.083 0.045 0.047
group) (yes = 1)
Access to agricultural extension service (yes = 1) —0.065 0.096 0.225%* 0.094 0.170%** 0.060
Access to credit (digital and formal credit) (yes = 1) —0.051 0.119 0.026 0.099 -0.029 0.070
Climate change awareness (yes = 1) 0.119 0.187 —0.356%** 0.116 —0.291%** 0.090
CSH awareness (yes = 1) 0.240%* 0.103 0.705%** 0.087 0.544*** 0.063
Distance from farm to commercial bank (km) —0.005 0.003 0.008%** 0.002 0.003** 0.001

Constant = 1.5712***
Log likelihood =—-256.08
Pseudo-R? = 0.0584
Prob > chi’* = 0.0026

Constant = 0.335%

Log likelihood =-562.64
Pseudo-R? = 0.1514
Prob > chi? = 0.0000

Constant = 0.725***
Log likelihood =-956.99
Pseudo-R? = 0.1150
Prob > chi* = 0.0000

Note: *, ** and *** denote statistical significance at 10%, 5% and 1% levels, respectively.

adoption and productivity in Haryana state, India.
However, being aware of climate change decreased
the number of CSH practices adopted by 29%. The
finding conforms to Nyang et al. (2021) who found
that most farmers in Kisii County, Kenya, perceived
climate change but adopted indigenous strategies,
that did not require technical skills. This implies that
merely being aware of climate change does not

necessarily mean that a farmer will adopt the CSH
practices. This is because awareness without address-
ing the factors limiting adoption cannot overcome
the serious issues caused by climate change (Tufa
et al.,, 2023).

The study found that increasing education level
and farming experience by a year increases the
number of CSH practices adopted. This implies that



adoption of CSH practices depends on the skills
accumulated through the education system and
farmers’ own experience in farming. This finding
conforms to Akrofi-Atitianti et al. (2018) and Li et al.
(2019) who revealed that farmers’ education level
and experience increased the likelihood of practic-
ing CSA. These findings reinforce the observation
among rice producers in Nepal by Upendram et al.
(2023) that lack of information and technical knowl-
edge are among the key reasons for non-adoption
of climate change adaptation practices by small-
holder farmers.

Access to agricultural extension services and
trust on the information received increased the
number of CSH practices adopted. This means
that extension services coupled with farmers’ per-
ception and belief on the information received
would have a great effect in shaping agricultural
practices and technology adoption. Similar find-
ings were obtained by Li et al. (2019) who noted
that institutional factors, including trust, shaped
the adoption of agricultural innovations. Upendram
et al. (2023) also noted that access to institutional
resources significantly enhance the likelihood of
adoption of more climate change mitigation
practices.

On the other hand, increasing farm size under
green grams and tomatoes by one acre decreases
the number of CSH practices adopted. This finding
contradicts that of Wekesa et al. (2018) who noted
that increasing farm size increased the adoption of
CSA practices. However, Ogisi and Begho (2023)
observed that though the effect of farm size on
adoption of climate-smart agriculture practices
(CSAP) showed mixed results, the direction of the
effect largely depended on the type of CSAP being
assessed and location of the farmer. The negative
effect of farm size in this study could be attributed
to inadequate resources required to meet the CSH
costs, which increases with farm size(s). The differ-
ence in context (including type of crop and agro-
ecological zones) of the farmers could be attributed
to the negative effect of farm size on CSH practice
adoption. This is because farmers in the lower zones
of Mwatate and Taveta had large tracts of land but
adopted less CSH practices due to capital resource
constraints.

4. Conclusion

The adoption of one or more of CSH practices was
largely determined by; awareness of climate-smart
horticulture (what it means in theory and practice),
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use of mobile phones to access and facilitate sharing
of CSH-related information and products, farmer’s
education level, access to agricultural extension ser-
vices and trust on the information received through
the mobile phones. There is need for farmer organi-
zations and governments to collaborate in building
the capacity of farmers on various crop specific CSH
and risk reduction practices. Insurance firms that
cover crops need to create awareness at the local
level to ensure farmers understand their products
and terms of service. Further, agricultural develop-
ment partners such as the Food and Agriculture
Organization of the United Nations (FAO) and the
World Vision need to deliberately support programs
that provide specific CSH knowledge and skills to
farmers on soil, water, crop and agricultural market
management.

Farmers’ sensitization on appropriate mobile
phone platforms utilization, such as the online
social groups/networks (including WhatsApp, twit-
ter and Facebook, and short messaging services
(SMS)) should be encouraged to improve access
and sharing of useful CSH information and skills.
This will bridge the gap in access to agricultural
extension services that is already constrained.
Farmers should also be encouraged to utilize their
mobile phones to access digital credit to facilitate
access to well adapted seed varieties, organic
manure and development of farm water ponds,
which require considerable funding. The county
government and development partners, through
their agricultural extension agents, should put more
effort into addressing location and crop specific
CSH practices for farmers to improve their produc-
tivity. The use of mobile phone platforms such as
WhatsApp, SMS and encouraging farmers to use
smartphones (to access various CSH sites -including
YouTube and other mobile applications) would be
useful in enhancing farmers awareness of CSH
practices.

The findings of this study imply that there is a
great potential for farmers to improve horticulture
production and food security in the region despite
the changing climatic conditions. Considering that
the study was limited to Taita-Taveta County with
specific interest on green grams and tomato crops,
there is need for context-specific climate-smart
interventions to enable farmers to realize the full
benefits of the CSH policies. Moreover, future
research efforts should focus on comparative analy-
sis of the effect of use or non-use of mobile phones
in CSH on farmers’ welfare indicators such as income,
nutrition and health.
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Notes

1. CSH concept entails adapting and building resilience
of horticulture to climate variability, improving pro-
ductivity and food security while being cognizant of
the environmental sustainability concerns. This con-
cept slightly differs with CSA (as defined by Lipper
et al, 2014); since the latter (CSA) is an approach/
concept that considers agriculture (including all
crops and livestock) in totality — hence broad-based.
However, the two concepts follow the same princi-
ples of adaptability and building resilience to climate
change and improving productivity.
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