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A B S T R A C T

Many countries experience the negative impacts of climate change especially in the decline of agricultural pro-
ductivity leading to decreased national and household food security. This study assessed smallholder farmers'
perception of climate variability and change and their adaptation strategies in Masaba South Sub-County, Kisii
County, Kenya. A multi-stage sampling technique was used to collect data from 196 smallholder farmers. Addi-
tionally, focused group discussions and key informant interviews were used. The study revealed that most farmers
perceived climate changes. 88.3% of the respondents noted a decrease in rainfall, 79.1% reported poor rainfall
distribution, 88.3% perceived a late onset of rainfall while 76.6% perceived an increase in temperature. The
farmers' perception mirrored the actual climatic data trends for the area obtained from the meteorological
department. The major climate-smart agriculture practices adopted by farmers in the area included; diversifica-
tion of crops, change of planting time and crop rotation/mixed cropping. The adoption of climate-smart agri-
culture practices significantly correlated with the household size, monthly income, access to credit and farmers’
perception of climate change. The study recommends the incorporation and prioritization of climate change in the
county and government development agenda as a means of enhancing the uptake of climate-smart agricultural
practices.
1. Introduction

Climate change remains a global challenge facing humans and their
socio-economic activities, health, livelihood, and food security
(Amjath-Babu et al., 2016). Despite the adverse impacts of climate
change affecting both developed and developing countries, developing
countries and poor smallholder farmers are more vulnerable as they
sorely lack adequate adaptive capacity (Archer et al., 2007; Katharine,
2004). Many countries, especially in Sub-Saharan Africa (SSA) give
agriculture priority, in pursuit of affordable and adequate food for their
citizens, as it is a key determinant of food security. However, despite its
considerable importance, agriculture is vulnerable to the potential im-
pacts of climate variability and change and the necessary steps required
to support the sector in many developing countries remain weak and
fragile (Stern, 2010). Consequently, if climate variability and change are
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not addressed, it will potentially cause severe food insecurity, with the
most tremendous effect being realized in developing countries (Kryger
et al., 2010). For instance, the projected increase of temperature to 1.5 �C
will expose health, livelihoods, food security, water supply, human se-
curity, and economic growth of many developing countries to
climate-related risks (IPCC, 2018, 2019).

The high dependence on rain-fed agriculture by smallholder farmers'
makes them vulnerable to the profound impacts of climate change. This is
compounded with elevated levels of poverty, defective infrastructural
and technological development (Adimassu and Kessler, 2016). In Kenya,
climate change has credibly threatened food security and the economy as
it is exceptionally sensitive to variations in rainfall. The effects of climate
variability and change have affected the agricultural sector, which re-
mains a crucial contributor to Kenya's economic growth. The sector
contributes at least 52% of the country's GDP both directly and indirectly
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(Government of Kenya (GoK), 2017). It accounts for 65% of total exports,
provides about 75% of total employment and supports over 80% of the
rural population (Government of Kenya (GoK), 2013). The productivity
of the sector has, however, been compromised by evident effects of
climate variability and change (Adamgbe and Ujoh, 2013).

The agricultural sector contains the potential to contribute to climate
change mitigation and increasing resilience through adaptation. The
sector alone contributes approximately 3.7% of greenhouse gas emis-
sions (GHGs) globally besides being a key driver in deforestation activ-
ities, which also adds a further 7–14% of greenhouse gas emissions on a
global scale (FAO, 2013). Concurrently, climate change is set to adversely
affect many agricultural dependent communities especially the small
scale and poor farmers. This is because they are less equipped in adapting
to hostile shocks, aggravating the food insecurity and global poverty
situation (Morton, 2007). Hence, both mitigating efforts in the reduction
of GHGs discharges and adaptation strategies geared towards maintain-
ing crop harvests are of global importance.

Climatic changes have negatively impacted the ecosystem, economic
livelihoods and agricultural productivity (Odada et al., 2008). Therefore,
they typically present a grave risk to food production sustainability and
other subsistence practices in susceptible African communities such as
Kenya. To address these negative impacts sufficiently, there is a need to
enhance the resilience of local farmers to climatic variation. To enhance
resilience, it requires adaptation of approaches that will lessen the impact
on crops and subsistence while mitigating the climate change causes
(Talanow et al., 2021; Traore et al., 2015). The potential vulnerability of
the community depends on how they have adapted to changes in climate.
In SSA, about 80% of Agriculture is managed by smallholder farmers,
making this small-scale production the backbone of most SSA countries
(Food and Agriculture Organization (FAO), 2012). Although the farmers
have proven to be resilient, climate change is likely to outpace their
current coping capabilities. Depressed levels of income and technology,
coupled with social isolation from local markets and lack of institutional
support, represent typical characteristics of smallholder farming systems.
This makes them particularly vulnerable to changes in climate (Morton,
2007).

To achieve food security reasonably, while mitigating climatic
change, it requires the preservation of essential resources and sustaining
vital ecosystem services. There is a need for transiting to agricultural
production methods that enable increased productivity and efficient
input application. This will result in reduced variability and enhanced
stability in terms of output, greater resilience to risks, shockwaves and
continuing climate variability. Climate-smart agriculture (CSA) practices
are recognized as the most appropriate adaptation strategies to achieve
these objectives. These practices provide a “triple win” as they increase
agricultural productivity, increase resilience, and reduce greenhouse
gases that cause climate change (FAO, 2013).

This innovative approach of agriculture aims at strengthening sub-
sistence and food security, more specifically that of small-scale farmers.
This could be positively enhanced through effective management and use
of natural resources and the successful adoption of suitable methods and
technologies in producing, processing, and securing markets for agri-
cultural produce. To achieve maximum advantage while minimizing the
tradeoffs, CSA considers the context of social, economic, and environ-
mental factors where applications are made. In adapting to the climatic
changes, farmers adopt specific CSA practices as a coping strategy
depending on their perception of climate variability and change. Those
perceiving the changes being more likely to adopt a particular CSA
practice as compared to those who do not. The farmer's choice of a CSA
practice is dependent on various socio-economical characteristics,
geographical characteristics, institutional and farm-related properties
(Mutunga et al., 2018).

Despite the principal role farmers in the Masaba South sub-county
play in the agricultural production cycle, there is limited knowledge of
how they typically perceive climate variability and change. The
perception affects their choice of a CSA practice to cope and/or adapt.
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This presents challenges regarding planning, investments and formula-
tion of relevant policies that can enhance farmer's resilience to climate
change. To seal these gaps, this study aims at sufficiently investigating
farmers' perceptions of climate variability and change; and adaptation
measures adopted to enhance their resilience towards climate change.
The research will provide practical evidence to guide policy formulation
for institutions to enhance farmers' resilience and identify practices that
can be up-scaled and promoted to similar ecological zones within the
study area.

2. Materials and methods

2.1. Description of the study area

This study was conducted in Masaba South Sub-County, Kisii County,
Kenya. It is located in the western parts of Kenya between the latitude of
0� 300 and 1�S and longitude 34� 380 and 35� with 5 administrative wards
(Figure 1). The headquarters of the sub-county are located in Masimba
town. The Sub-County typically has a hilly landscape with many ridges
and gorges and with several permanent rivers crisscrossing the land-
scape. The Sub-County has fertile soils that support the agricultural ac-
tivities engaged in by the local community. Close to 75% of the area of
study is rich in red volcanic soils. The area falls between the altitudes of
1800–2350 m above sea level. It covers 161.9 km2 with a local popula-
tion of 143,250, of which 48.82% are male, while 51.18% are females
spread across 26,132 households in the sub-county (Kisii County Gov-
ernment, 2013).

The highland equatorial climate experienced in the area is respon-
sible for the bimodal rainfall pattern characterized by two rainy seasons
with an average annual rainfall of 1500mm. The maximum temperatures
in the area range between 21 �C–30 �C while the minimum temperatures
range between 15 �C–20 �C. The area is comprised of small-scale farmers
who have a high dependency on rain-fed agriculture. The sufficient rain
amounts received in the region, coupled with the moderate tempera-
tures, make the region suitable to support tea and coffee farming. Other
crops typically grown in the region include maize, groundnuts, sweet
potatoes, beans, bananas, and finger millet. Agriculture employs an
estimated 80% of the population either directly or indirectly (Kisii
County Government, 2013).

2.2. Sampling methods and data collection

A multi-stage random sampling procedure was utilized to select the
target households. Data were collected by the use of pre-tested structured
questionnaires entailing, primarily closed-ended and open-ended ques-
tions. The questionnaires used were pre-tested on some selected house-
holds in the area before the actual survey started. Three focused group
discussions (FGDs) were held in a central place of each ward. The FGDs
were comprised of church leaders, local leaders, representatives of
women and youth groups. To get a deep understanding of the measures
taken by various institutions to help farmers, key informant interviews
were also conducted. Those interviewed included the ministry of agri-
culture officials, officials from the meteorological department, officials
from research institutions, and agro-dealers. A total of 196 households
was sampled based on Cochran's formula (Heinisch and Cochran, 1965)
proportionately from the three wards based on the population. The study
was conducted between April and May 2019.

2.3. Data analysis

Descriptive statistics were done by the use of SPSS software version
23. Descriptive statistics tools were used to analyze and present socio-
economic characteristics, institutional characteristics, perceptions of
farmers to climate variability and change, and CSA practices adopted by
farmers. Factors influencing farmer perceptions were analyzed in a lo-
gistic regression model framework. The dummy variables for perceiving



Figure 1. Map showing the study area.
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climate change in general, perceiving temperature increase, and
perceiving rainfall decrease were used as dependent variables. Analysis
of variance, F-test, X2 (chi-square), and mean comparison tests were run
to compare adapters and non-adapters of CSA practices. Meteorological
data were presented by line graphs and correlated with farmers'
perception data. The reliability of the questionnaire was tested through
Cronbach's alpha test in SPSS. The Cronbach's alpha value of 0.703
indicated acceptable internal consistency of the questionnaire.
2.4. Ethical considerations

Approval to conduct research and collect data from respondents was
obtained from National Commission for Science, Technology, and Inno-
vation (NACOSTI), Kenya, and a research permit issued under permit
number, NACOSTI/P/19/19905/27337. Additionally, in collecting data
from respondents, their interview consent was sought first.

3. Results and discussions

3.1. Demographic and Socio-economic characteristics of smallholder
farmers

Out of the 196-sampled households, 40.8% were male while 59.2%
were female both with an average age of 42.39 years. There was a sig-
nificant difference between female and male respondents at a 5% sig-
nificance level (p ¼ 0.010). The considerable large number of female
respondents was attributed to the fact that most men had migrated to
urban areas to look for supplemental income, as the land sizes were
getting smaller for agricultural production due to the land sub-divisions.
This resulted in more females being involved in farming activities in the
area. This is consistent with the findings of Nhemachena and Hassan
(2007). They found that men more frequently seek jobs in towns, and
women in South Africa do much of the agricultural work.

The average family size of the households comprised four members,
with most households ranging between four and six members. The large
size is an asset as it provides labour required in farm activities (Marenya
and Barrett, 2007). The average farming experience was 17.57 years. The
more years spent on farming influences the adoption of an adaptation
strategy. The more extensive farming experience makes farmers employ
adaptation measures that enhance their resilience as they can observe
changes in the environment (Alhassan et al., 2019; Mwungu et al., 2018).
The marital status of the respondents indicated that 81% of the re-
spondents were married, 7.1% were single, while 11.7% were either
3

divorced, widowed, or separated. This indicates that there is a stable
marriage situation in the area. Despite the majority of the respondents
being female, the males were the main decision-makers over the land use
in most households. It was highlighted in the FGDs that most men are the
key decision-makers over the land use and they have to be consulted
during planting season on what is to be planted and where (Figure 2).
This notion is true even thoughmen stay away from home as exhibited by
large percentages of females interviewed.

A high level of education is hypothesized to significantly influence the
adoption of CSA practices to increase resilience against climate vari-
ability and change (Amir et al., 2020; Mutunga et al., 2018). Among the
total sampled households, 55.6% had attained secondary school educa-
tion level, 12.9% primary school level, 12.2% college or university ed-
ucation level. In comparison, 2% had never attended school, and 12.2%
were school dropouts (Figure 2). The average years spent in school by the
sampled respondents were 10.33. The provision of free education by the
Government of Kenya attributed to the high levels of education of most
respondents. A substantial proportion of the respondents who had
attained high education levels were more likely to adopt CSA practices as
they can receive, decode, and understand relevant information and make
decisions (Ochieng et al., 2012). Additionally, relatively highly learned
farmers are likely to have a higher chance of embracing technologies that
will enhance adaptation as they can perceive climate changes and have
access to information (Nkonya et al., 2008).

Membership in a social group has a positive correlation to the
adoption of CSA practices as it enables farmers to share and get infor-
mation on climate, innovation, new crop varieties, and other relevant
information that might enhance their resilience (Stefanovic et al., 2017;
Washington-Ottombre and Pijanowski, 2013). Out of the sampled re-
spondents, 44.4% belonged to a social group while 55.6% of them did not
belong to any social group. The social group was either a “Chama,” or a
community social group. The average household income per month for
the sampled households was Ksh 6271.68, with a standard deviation of
Ksh 7599.11. This indicates a significant disparity in income among
households in the study area. Those households with more substantial
incomes are more likely to adapt as they have the financial muscle to buy
necessary agro-inputs and make investments in practices that require
significant capital (Maguza-Tembo et al., 2017).
3.2. Institutional characteristics of smallholder farmers

There was a significant difference among the respondents based on
the accessibility to extension service (p < 0.000). Those who obtained
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the services reported that they acquired them from the government
institutions like the Ministry of Agriculture. The frequency of extension
visits for extension recipients was about 5 visits per season (Table 1).
Access to extension services influences the adoption of CSA practices,
either positively or negatively. Farmers access to credit is key in sup-
plementing their incomes to purchase agro-inputs and invest in tech-
nologies aimed at increasing agricultural productivity and carry out
income-generating activities other than farming (Komba and Mucha-
pondwa, 2015). A significant difference was reported among the local
residents who had access to credit and those who did not (p ¼ 0.015).
The respondents from Ichuni ward enjoyed more access to credit fa-
cilities as compared to those from other wards. This is due to the
proximity to Keroka town, which is one of the big towns within the
sub-county. Access to credit is likely to influence the adoption of some
CSA practices which require high capital investments such as soil
conservation practices and irrigation (Belay et al., 2017; Mutunga
et al., 2018).

Seventy-four percent of the total sampled households had access to
weather and climate information from multiple sources. Of those who
gained access, only 34.2% of them utilized the information in deciding on
various farming activities (Table 1). This is a considerable variation
among the respondents who receive the information (p < 0.000). The
access to climate information increases farmer's awareness and knowl-
edge of the variations in rainfall and temperature, and this informs their
response strategies. The availability of weather forecasts information to
farmers enables them to execute informed decisions on what crops and
crop varieties to plant (Amir et al., 2020; Mutunga et al., 2018). Farmers'
proximity to the market place and utilization of its services is likely to
influence the adoption of appropriate CSA strategies. This is because
farmers will have access to agricultural inputs such as certified planting
Table 1. Institutional characteristics of sample households.

Characteristics Percentage of res

NO (n ¼ 196)

Access to extension services 82.7

Frequency of extension contacts 0

Access to credit facilities 58.7

Access to weather & climate information 26

Utilization of weather & climate information 65.8

Access to market 3.1

Distance to market (Km) 2.82 � 2.30

Note: *** significant at 1%, **significant at 5%, and * significant at 10%.
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materials and fertilizers as compared to those who are considerably
away. 96.9% of the respondents had access to a market in their locality,
with the average distance to the nearest market place being 2.82 km. The
proximity to the market may serve as a means of sharing and exchanging
information among farmers and other stakeholders, thus enhancing
adoption (Maddison, 2006).

3.3. Smallholder farmers’ perception of climate variability and change

To consider a proper choice of a CSA practice to adapt and increase
resilience against climate change, a distinct understanding of the farmer's
perception of climate changes is crucial (Gandure et al., 2013). Those
who perceive changes hypothetically adopt one or more CSA practices to
reduce the negative impacts associated with climate change. To deter-
mine the various adaptation strategies adopted in the study area, farmers'
perception of climate variability and change needs evaluation. Farmers
compared the current weather conditions with that of 20–30 years ago
and identified some of the indicators of climate variability and change
within their locality.

The results indicate most farmers perceived a decrease in rainfall over
time with only 10.2% and 1.5% noting an increase and no change in
rainfall amounts respectively (Figure 3). There was a significant differ-
ence among respondents regarding perceived changes in the amount of
rainfall over time (p < 0.000). A significant number of households
indicated that the rainfall distribution was poor, with only 2.6% who
noted insignificant change within the seasons. A significant difference
among the respondents reported that the onset of rainfall was late than
the contrary (p < 0.000). The changes in the onset of rainfall resulted in
the disruption of the farmers’ seasonal calendar that was equally
perceived to be short (Figure 3).
pondents χ2-Value

YES (n ¼ 196)

17.3 83.592***

5.1 203.643***

41.3 5.898**

74.0 45.082***

34.2 19.612***

96.9 172.735***
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Analysis of the rainfall trends from the data obtained from the
meteorological department revealed that there was a declining trend in
the total annual rainfall for the last 35 years. The average annual
decrease was 18.47 mm of rainfall with a covariance of variation (CV) of
37.93% (Figure 4). The high CV signifies high rainfall variability within
the period. This finding is in line with the majority of the farmers in the
area who reported a perceived decline in rainfall over the comparable
period. These findings are consistent with those of Esayas et al., (2019)
who assessed farmers' perception in Southern Ethiopia. They found sig-
nificant variability of rainfall with a CV of 18.75% and 25% for highland
and lowland agro-ecological zones, respectively. The findings are equally
consistent with those of a study in Southwestern Nigeria, where farmers’
perceptions of climate change mirrored meteorological analysis (Ayan-
lade et al., 2017). Additionally, they are consistent with the study of Amir
et al. (2020a, b) where 96% of the farmers interviewed reported to have
perceived changes in climate. Furthermore, they are in line with the
findings of Ochieng et al., (2017), Mutunga et al., (2017) and Belay et al.,
(2017) who reported that farmers had perceived a decrease in rainfall in
their respective study areas within Kenya over time.

The temperature was perceived to have increased over the years by
76.6% of the respondents. A significant difference between those who
observed an increase in temperature and those who perceived either a
decrease or no change was noted (Figure 5). The smallholder farmers
claimed the increase in temperature had resulted in the drying of some
crops in some seasons. The findings on the perceived temperature and
rainfall properties are consistent with those of Ochieng et al., (2017) who
found that 74.9% of the respondents sampled from various zones of
Kenya perceived an increase in temperature and 46.5% believed the
rainfall has decreased over 30 years. They are equally consistent with
Figure 4. Trend of the total annual rainfall amounts received in Masaba
Sub-county.
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those of Mutunga et al., (2017) who reported that 97 % to 100% of the
respondents had identified a decrease in the amount of rainfall received
over time.

The findings were moreover in support of other studies within the
Eastern African region, as reported by Zizinga et al., (2017) in South
Western Uganda and Belay et al., (2017) in the Central Rift Valley of
Ethiopia who reported that farmers’ had spotted an increase in temper-
ature. In the study area, 87.8% of the respondents had perceived changes
in climate.

Farmers’ perception of the increased temperatures mirrored the
factual climatic data obtained from the Kisii meteorological department.
The data indicated both a gradual increase in the minimum and
maximum average temperatures. The trend line indicates precisely the
average annual maximum temperature increased approximately by a
factor of 0.0184, while that of minimum temperature increased by a
factor of 0.0164 (Figure 6). The CV for maximum temperature was
1.24%, while that of the minimum temperature was 1.98%. This result
indicates that despite the increase recorded, there is little variability in
both maximum and minimum temperatures over the years.

As reported by Moyo et al., (2012) the residents of Masaba South
Sub-County possessed distinct perceptions of the climate changes. This is
attributed to the varying cognitive and context-specific biases (Below
et al., 2015). Their perception differed based on their farming experi-
ence, level of education, access to extension services, among other
factors.

In accessing indicators of climate variability and change, most
farmers noted a continuous decrease in the number of major food crops
from their farms. They experienced a change in livelihood patterns, loss
of some plant species, the soaring cost of food products and increased
incidences of the pest and diseases. This was partly attributed to climate
change and prolonged drought. In the FGDs, farmers confirmed that since
the 1980s, there had been a rise in temperatures and a decrease in rainfall
amounts. This supported the findings from the scheduled interviews.
They noted these changes negatively affected agricultural productivity,
Figure 6. Maximum and minimum temperature trends in Masaba South
Sub-county.
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causing some of them to be food insecure at most times of the year as the
production has greatly reduced. They noted the seasonal planting cal-
endar had changed from December–January and July–August to
March–May and September–November, respectively. They claimed the
elevated temperatures have even affected tea production, a major cash
crop, making it harder for them to educate their children. The perceived
changes and indicators of climate change noted by farmers can be used to
trigger changes in farming practices to enhance farmers’ resilience
against climate change, increase productivity and reduce greenhouse
gases (Kalungu et al., 2013).

Key informants' interviews with representatives from various in-
stitutions similarly confirmed a decrease in rainfall amounts and an in-
crease in temperature in the area. The agricultural officers interviewed
noted some of the farmers are aware of the climatic changes through the
periodic training and awareness creation seasons carried out by them.
They also noted some farmers voluntarily practiced mulching as a water
conservation measure and agroforestry for the trees to provide shade to
crops as adaptation strategies. The sampled households seemed not to
recognize the contributors to climate variability and change despite
adversely affected. 12.2% of the respondents who were aware of the
possible causes attributed the changes to deforestation and environ-
mental pollution. In addressing the challenges of decreased agricultural
production due to the prolonged drought, the sampled households
identified a few institutions/organizations that came to address their
problems. The institutions identified include a One-acre fund, a Young
farmer's association, the Ministry of Agriculture, and a Local adminis-
trative/political class. Their kind of intervention involved training of
farmers on the new ways of farming, provision of food aid, provision of
credit facilities, and provision of agro-inputs.

3.4. Factors influencing smallholder farmers’ perception of climate
variability and change

The determinants influencing farmers’ perception of climate vari-
ability and change were estimated by the logit regression model, and
results are presented in Table 2. Household demographic, socio-
economic, institutional and biophysical characteristics were evaluated
to predict how they influence the perception of climate variability and
change. The level of education, access to weather and climate informa-
tion, and access to the agricultural extension positively and significantly
influenced perceptions in changes in climate variability and change.
Having attained higher education level increases the likelihood of
perceiving general climate change, a decrease in rainfall and an increase
in temperature by 1.66, 1.33, and 2.70 odds respectively. Learned
farmers can receive, decode, recognize changes in the environment and
comprehend information relevant to making correct decisions regarding
climate change (Amir et al., 2020; Kimani and Bhardwaj, 2015; Mutunga
et al., 2018) which could explain our findings.

Farmers' access to climate and weather information increases their
awareness and knowledge of the variations in rainfall and temperature.
This aids them to execute an informed decision on the relevant adapta-
tion strategy to enhance their resilience (Maguza-Tembo et al., 2017).
Access to weather and climate information increases the likelihood of
perceiving climate changes, a decrease in rainfall and an increase in
temperature by 3.50, 3.17, and 3.15 odds. Access to extension services
enhances farmers ‘perception and adoption of CSA practices as they are
informed about climate and weather changes. The provision of extension
services increases farmers’ knowledge, skills, and awareness towards
innovations of which some might be adopted or not based on their per-
ceptions (Yesuf et al., 2008). Access to agricultural extension services
increases the likelihood of perceiving changes in rainfall by 3.68 odds.

3.5. Climate-smart agriculture adoption by smallholder farmers

Coping strategies and enhanced adaptive capacity of farmers are
crucial in addressing climate variability and change. The perceived
6

climatic changes can shape the promotion and adoption of appropriate
CSA practices. Enhanced adoption of CSA practices will increase farmers’
resilience to climate change, increase productivity and reduce green-
house gases emission. Following the continuous decrease in the quantity
of farm produce as reported by the sampled households, farmers adopted
out of necessity various strategies to enhance their resilience. The study
revealed that 84.2% of the sampled households reported a decrease in the
quantity of the major food crop grown compared to the previous harvest
with 15.8% reporting the losses as severe (Figure 7). This decrease in the
quantity of farm produce would be attributed to low rainfall amounts
received in the area and higher temperatures. These findings are
consistent with those of Kalungu et al., (2013) where 80% of the farmers
sampled perceived changes in productivity for the past 30 years. More-
over, they are consistent with those of and Ayanlade et al., (2017) where
farmers noted that some crop yields are lower in recent years compared
to the past 30 years.

The decision by farmers on what coping or adaptation strategy to use
to overcome the impacts of climate change and variability is influenced
by opportunities and constraints available to farmers. These are in turn
shaped by various factors beyond the farm household-scale at the com-
munity, landscape and regional levels (Tittonell, 2014). The adopted CSA
practices in the study area by smallholder farmers can be divided into
five categories as per Smit & Skinner (2002). The categories represent
changes in farm production practices, changes in the land use, water
management practices, changing land topography to address moisture
deficiencies and change in timing of farming activities. From FGDs, the
adoption of CSA practices is explicitly done to increase agricultural
productivity and increase resilience to climate variability and change.

Farm production adaptation strategies: Strategies evaluated under
this category include; planting of different crop varieties, diversification
of crops, manure application, and change in the rate of fertilizer appli-
cation. The findings indicate that 64.3% of the respondents have changed
the varieties of crops they grow to cope with the changing climate
(Table 3). Some of them use retained maize as planting seeds from the
previous harvest as they believe that they are more resistant than hybrid
seeds from seed merchants. From one of the key informant interviews,
some of the seed merchants have started promoting drought-resistant
seeds like SC Simba, Punda Millia 529, and SY594. These are earlier
maturing seeds to help farmers to cope with climate change. A greater
number of smallholder farmers diversified the kind of crops to grow, with
some of them planting drought-resistant crops and other crops never
grown in the area before such as sorghum, cowpeas, finger millet, green
grams, and flowers for export (Table 3). These findings are in line with
findings reported among farmers in semi-arid and sub-humid regions of
Kenya where they stopped growing some crops due to low yields asso-
ciated with low rainfall and opted for early maturing and drought-
resistant crop varieties (Kalungu et al., 2013). The findings are equally
consistent with a study in Ghana where farmers switched to
drought-tolerant crop species with others growing different crops suited
to the new climate they face (Antwi-Agyei and Nyantakyi-Frimpong,
2021). The respondents applied manure to their farms as an adaptation
strategy to increase soil fertility and conserve soil moisture. The high
proportional use of manure was attributed to the fact that the cost of
fertilizers is high, and their continuous use has not proven to increase
yield.

Change of planting time adaptation practices: Farmers change the
timing of their farming activities to address the shifting spells of growing
plants and related changes in temperature and moisture. In this study,
79.1% of the respondents changed planting time due to changes in
temperature and precipitation. Most of the farmers shifted to planting
crops after the onset of rainfall when they were sure there was enough
moisture in the soil to support growth. During the key informant in-
terviews and FGDs, farmers highlighted having been planting between
December to February before the onset of the long rainfall season. With
the late-onset, they have shifted planting between March and May. In the
short rainfall season, in which they used to plant in July/August, they



Table 2. Logit regression model for factors influencing climate change perceptions among smallholder farmers.

Variables (1) (2) (3)

Climate has changed Rainfall decreased Temperature increased

Odds ratio 95% CI Odds ratio 95% CI Odds ratio 95% CI

Farmer is female (1 ¼ yes) 1.14 [0.55,2.37] 1.24 [0.61,2.53] 1.33 [0.67,2.66]

Age of farmers in years 0.96 [0.81,1.14] 0.88 [0.75,1.04] 1.00 [0.86,1.17]

Age of farmer squared 1.00 [1.00,1.00] 1.00 [1.00,1.00] 1.00 [1.00,1.00]

Farmer is married (1 ¼ yes) 0.75 [0.28,2.03] 0.62 [0.24,1.56] 0.88 [0.37,2.11]

Level of education attained is lower than secondary (1 ¼ yes) 0.80* [0.30,2.13] 0.60* [0.23,1.56] 0.72* [0.30,1.73]

Level of education attained is higher than secondary (1 ¼ yes) 1.66* [0.69,4.02] 1.33* [0.57,3.09] 2.70* [1.19,6.14]

Household size 0.63 [0.24,1.67] 1.17 [0.47,2.92] 0.84 [0.36,1.96]

Not a member of any social group (1 ¼ yes) 2.32* [1.10,4.88] 3.24** [1.57,6.70] 2.03* [1.05,3.93]

Land size in acres (log transformed) 2.17 [0.99,4.78] 2.10 [0.98,4.49] 1.74 [0.86,3.52]

Access to agricultural extension (1 ¼ yes) 2.98 [0.97,9.16] 3.68* [1.29,10.51] 2.16 [0.85,5.48]

Access to weather and Climate information (1 ¼ yes) 3.50** [1.57,7.77] 3.17** [1.42,7.07] 3.15** [1.41,7.05]

Access to credit facilities (1 ¼ yes) 0.50 [0.22,1.16] 0.40* [0.18,0.92] 0.46 [0.21,1.01]

Approximate monthly income in Ksh (log transformed) 0.66* [0.47,0.93] 0.66* [0.47,0.93] 0.95 [0.70,1.30]

Number of livestock owned 1.10 [0.98,1.23] 1.04 [0.99,1.09] 1.04 [1.00,1.08]

Distance to the nearest market (log transformed) 1.84 [0.69,4.91] 4.37** [1.63,11.75] 0.99 [0.46,2.15]

Worked with formal institutions in the recent past (1 ¼ yes) 0.62 [0.17,2.23] 0.86 [0.25,2.96] 0.24* [0.07,0.83]

Ichuni ward 0.67 [0.26,1.69] 1.22 [0.48,3.06] 0.65 [0.27,1.57]

Gesusu Ward 1.97 [0.77,5.06] 2.73* [1.09,6.85] 1.08 [0.47,2.48]

Number of observations 196 196 196

Notes: ***Significant at 1% level; **significant at 5% level; *significant at 10% level; Reference categories are as follows ward ¼ Masimba, education ¼ secondary
education. Dependent variables are dummy variables measuring climate change perceptions 1(climate change in general), 2(rainfall decreased), and 3(temperature
increased), In parenthesis, are 95% Confidence Intervals (CI) for the odds ratios.
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have shifted to planting as from September when the rainfall onset. These
findings were consistent with those of Kahsay et al., (2019), who found
that 83.60 % and 86% of farmers in Hawzen and Irob, respectively, in
Northern Ethiopia adopted a change of planting time as an adaptation
strategy. The results are equally consistent with other studies that report
adjustments in the planting calendar (Amir et al., 2020; Antwi-Agyei and
Nyantakyi-Frimpong, 2021; Talanow et al., 2021).

Water management and change of land topography adaptation
practices: Water harvesting was among the least adopted adaptation
strategies in the region. About 18.4% of those who adopted water-
harvesting technology did so by collecting rainwater from the roofs
and storing them in water tanks or shallow wells near the roads. They
mainly used the collected water to irrigate vegetables in their gardens
and for their cows. The collected water would be used to irrigate crops
during dry spells to increase yield stability or for planting off-season to
increase household income. This practice is adopted by a few people as it
requires investment costs and knowledge which restrict widespread up-
take by smallholder farmers (Fox et al., 2005).
Figure 7. Changes in the crop production patterns among smallholder farmers.
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Change in land topography adaptation practices: 56.1% of the re-
spondents adopted other soil conservation practices such as mulching
and terraces in their farms. They adopted the practices to retain water for
a prolonged period to support the growth of crops (Table 3). The adop-
tion of the soil conservation practices was highest in Masimba and Ichuni
wards. This was attributed to the fact that these two regions are on
slightly steep hills as compared to most farms in the Gesusu ward.

Change in land use adaptation strategies: These adaptation strategies
aim at shifting crop and livestock rearing sites and /or application of the
alternative fallow and tillage practices. Land use decisions on agricultural
production are the major contributors to greenhouse gases emission in
the agriculture sector. Deforestation and soil erosion were identified as
major agricultural practices that contribute to climate change. This up-
shot is consistent with the findings of a review by Oladipo for the case of
Nigeria (Oladipo, 2010). They identified some legislation to address is-
sues of erosion and deforestation linked to climate change. To enhance
farmers’ resilience and mitigate climate change, farmers need to make
better land-use decisions. 77.6% of the farmers practised either crop
rotation or mixed cropping to increase productivity. Farmers in the FGDs
highlighted that mixed cropping allows them to growmore than one crop
at a time to cushion themselves in case of one crop failure.

The major food crop grown under mixed cropping was mainly iden-
tified as maize and beans, while crop rotation was mostly done with
maize, beans, or finger millet. Mixed cropping has the advantage of
allowing greater production from the same land, while not causing
additional degradation to the soil. This is because different crops require
different nutrients which can be mutually beneficial to each other
(Katharine et al., 2013). With diminishing land due to sub-division,
36.2% of the respondents increased their land under cultivation
through either leasing or purchasing an extra piece of land (Table 3).
Members of the FGDs noted that some of the farmers in the region go as
nearby Narok County to lease land for agricultural activity. Since the
majority of the farmers in the area and Kenya at large depend on maize as
a staple crop, it was found that it is only 9.7% of the respondents
completely switched from crop growing to livestock keeping. This is in



Table 3. Households’ adoption of climate-smart agriculture practices.

Climate Smart Agriculture Practice % Non-adapters
N ¼ 196

% Adapters
N ¼ 196

Crop Diversification 16.3 83.7

Change of planting time 20.9 79.1

Crop rotation and mixed cropping 22.4 77.6

Use of manure 31.1 68.9

Change of crop varieties 35.7 64.3

Soil conservation/mulching/terraces 43.9 56.1

Livelihood diversification 48 52

Enhancing animal rearing practice 51 49

Increase land under farming/cultivation 63.8 36.2

Use of Integrated Pest Management 75 25

Change to Irrigation/Water harvesting 81.6 18.4

Reducing the land under cultivation 88.8 11.2

Switch from crop farming to livestock 90.3 9.7
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line with studies carried out by Bernier et al., (2015). To reduce practices
that continue to emit the greenhouse gas among smallholder farmers,
there is a need to formulate and implement relevant policies to protect
the environment from degradation as this will ultimately enhance
farmers’ adaptive capacity (Oladipo, 2010).

As the climate changes and exacerbates the already existing problems
of food insecurity, some of the respondents (52%) have diversified their
source of income. The diversification was either through doing a part-
time job, a full time, a business, or through self-employment. This is
consistent with other studies (Antwi-Agyei and Nyantakyi-Frimpong,
2021; Mekuyie and Mulu, 2021). During the FGDs, it was noted that
most women were involved in assisting other people in farm duties like
weeding and tea picking to earn extra income. An increasing number of
youths were involved in the motorbike business, with some taking loans
to buy them. Some reported having started poultry farming as the
product is more reliable, predictable, and running costs are low. Some of
these livelihood diversification strategies were similar to those reported
by Alhassan et al., (2019) in the Northern part of Ghana.

The relationship between farmers’ characteristics and the adoption of
CSA practices was tested using correlation analysis. The adoption of most
CSA practices was positively significantly correlated with household size,
monthly income, access to credit, and farmers' perception of climate
change (Table 4). Large household size increases the likelihood of
adaptation as it is associated with labour-intensive agricultural practices
Table 4. Correlation of the farmers’ characteristics and adoption of some CSA Practi

1 2 3 4 5 6 7

1 Household size 1 -.060 .176* -.014 .089 -.107 -.1

2 Education level -.060 1 -.286** .002 .098 -.019 .16

3 Farming experience .176* -.286** 1 -.027 -.160* -.071 .03

4 Social group -.014 .002 -.027 1 .058 .030 .07

5 Monthly income .089 .098 -.160* .058 1 -.084 -.2

6 Agric. extension -.107 -.019 -.071 .030 -.084 1 .05

7 Weather & climate -.137 .168* .031 .079 -.202** .057 1

8 Access to credit .021 .085 -.297** .166* .214** .108 -.0

9 Perception in C.C .143* -.089 .061 .105 -.055 .089 -.1

10 crop varieties -.236** .004 .090 .148* -.127 .145* .28

11 Crop diversification .028 -.156* .057 .078 .000 -.053 -.0

12 Mixed cropping .171* .092 -.186** .110 .096 -.109 .01

13 Planting time -.095 .047 -.134 .045 .092 .004 .00

14 Use of Manure .297** .205** -.190** -.113 .314** -.158* -.1

15 Soil conservation .211** .114 -.234** -.004 .354** -.138 -.1

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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(Marenya and Barrett, 2007). Practices like soil conservation, mixed
cropping, and application of manure are labour-intensive; hence large
family size positively and significantly influences adoption. Households
generating better income and having adequate assets are better placed to
adopt new farming practices to enhance their resilience (Maguza-Tembo
et al., 2017). Soil conservation practices and proper use of manure
require capital investments. Wealthier farmers, because of their financial
endowment, are likely to adopt these practices than the less endowed in
the community. Accessibility to credit is an important factor in narrowing
the financial gap of the farmers. This can help farmers purchase the
required farm inputs and useful technologies in adaptation to climate
change. Farming experience correlated negatively and statistically
significantly with the adoption of CSA practices (Table 4). This upshot is
contrary to the findings that report more experienced farmers as more
informed about climate changes and are more likely to employ adapta-
tion measures to enhance resilience (Deressa et al., 2008; Mwungu et al.,
2018).

As a short-term coping strategy, farmers reported they purchasemaize
and other major food crops during the dry seasons. This is to ensure a
continuous supply of food in the homestead. Most men in the households
had moved to urban areas in search of an additional source of income to
cope with hard conditions. Scientists working in research institutions
within the study area noted there is ongoing research to develop drought-
resistant crops specific to the region.Despite the positivemove, they noted
they faced financial constraints and legal challenges, especially on the
long period required to release a new variety. It was also pointed out that
the efforts to increase resilience through the adoption of these strategies is
limited by factors such as; lack of capital, shortage of land, low level of
infrastructure and technologies, lack of weather and climatic information.
To minimize the vulnerability of the farmers, relevant government and
non-governmental organizations need to increase their adaptive capacity
through trainingandprovisionof critical inputs suchas certified seeds that
are tolerant to diseases and drought.

The key adaptation strategies adopted by farmers were consistent
with studies of Kichamu et al., (2018) in Matungulu Sub-County, Eastern
Kenya, Wamalwa et al. (2016) in three Sub-counties in Kisii county,
Ochieng et al., (2017) in various agro-ecological zones in Kenya, Mburu
et al., (2015) in Yatta District, Kenya. They identified change of crop
varieties, change of planting time, crop diversification and soil and water
conservation practices as the most adopted strategies to cope with
changing climate. This study revealed livelihood diversification as a
coping strategy adopted by almost half of the respondents, findings not
highlighted by other studies. They did this as a way of increasing their
ces.

8 9 10 11 12 13 14 15

37 .021 .143* -.236** .028 .171* -.095 .297** .211**

8* .085 -.089 .004 -.156* .092 .047 .205** .114

1 -.297** .061 .090 .057 -.186** -.134 -.190** -.234**

9 .166* .105 .148* .078 .110 .045 -.113 -.004

02** .214** -.055 -.127 .000 .096 .092 .314** .354**

7 .108 .089 .145* -.053 -.109 .004 -.158* -.138

-.022 -.115 .286** -.042 .015 .009 -.147* -.173*

22 1 .029 -.153* .090 .228** .279** .251** .429**

15 .029 1 -.084 .046 .135 -.039 .220** .172*

6** -.153* -.084 1 .132 -.069 .009 -.340** -.359**

42 .090 .046 .132 1 .060 .078 -.118 .082

5 .228** .135 -.069 .060 1 .144* .299** .264**

9 .279** -.039 .009 .078 .144* 1 .061 .127

47* .251** .220** -.340** -.118 .299** .061 1 .560**

73 .429** .172* -.359 0.082 .264** .127 .560** 1
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source of income to improve their living standards in the face of climate
change. These findings would be attributed to the fact that the land sizes
are small, and the effects of climate variability and change are severe on
their farm produce.

4. Conclusions

We can make a few conclusions from this study. First, the adoption of
CSA is affected by farmers' perception of climate variability and change at
the farm level. Further, the adoption of CSA is also influenced by farmers'
attitudes and knowledge of climate change. Second, farmers' perceptions
about climate change in the studied area accurately mirrored the climatic
data. Farmers’ perception of increased temperature and decreased
amount of rainfall over time, matched climatic data trends from the
meteorological station.

Third, education and access to information are essential for farmers to
perceive climate change accurately. Results show farmers' perceptions
are significantly influenced by the farmers’ level of education, access to
weather and climate information, and access to agriculture extension
services. Fourth, farmers' agricultural activities adjust to their climate
perceptions. Smallholder farmers adopted crop diversification, change of
planting time, crop rotation/mixed cropping, use of manure and change
of crop varieties as the major adaptation strategies. They explicitly
adopted the practices to enhance their resilience against climate vari-
ability and change.

Lastly, farmer socioeconomic conditions significantly explain adap-
tation decisions. The adoption of the CSA practices was significantly
correlated with the household size, monthly income of the household,
access to credit, and farmers’ perception of climate variability and change.

To increase the effectiveness and sustainability of adaptation in-
terventions in the study area, we recommend climate change knowledge
and adaptation capacity of farmers be part of the local development
agenda. Local governments need to prioritize climate change awareness
and allocate sufficient resources towards the same cause. Such actions
can go a long way in enhancing awareness and promote informed climate
change adaptation actions.

National and County governments need to incorporate the climate
change knowledge of the people and shape farmers' understanding of
climate change. Having useful linkages between farmers and relevant
stakeholders (e.g., researchers, extension office and meteorologists)
strengthened is one way of improving and synchronizing farmer
knowledge with their farming activities.
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