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Abstract: Climate change threatens the food security of smallholder farmers in semi-arid sub-Saharan Africa, 

yet it remains unclear whether the adaptation strategies farmers adopt translate into better food security. In Nyeri 

County, changing rainfall patterns have decreased amounts every 3-4 years, with drought now common in semi-

arid Kieni West, resulting in crop failures and reduced milk production. Despite government efforts through the 

Climate Change Adaptation Strategy 2009-2030 and various farmer adaptation practices, 70% of Nyeri house-

holds still lack sufficient food. Through a survey method, where 270 households were interviewed, this article 

thus examines the adaptation strategies used by small-scale farmers in Kieni West Sub-County, Nyeri County, 

Kenya to fend off household food insecurity. Findings indicated that most farmers (92.96%) were aware of cli-

mate change, and 76.3% had adopted six to eight of the eight strategies identified. Improved crop varieties 

(70.74%), soil conservation (68.52%) and water management (66.67%) were the most widely adopted strategies. 

Adoption rose with age, farming experience and education but did not differ by gender. The Household Food 

Insecurity Access Scale (HFIAS) noted that only 1.8% of households were food secure while 67.4% were found 

to be severely food insecure. The z-tests showed a marginally significant relationship between strategy adoption 

levels and food insecurity patterns, with households adopting 6-8 strategies experiencing more mild food inse-

curity compared to those adopting 4-5 strategies. However, the overall relationship between strategy adoption 

and food security improvement was found to be weak, indicating that strategy implementation alone is insuffi-

cient for achieving food security. Agricultural extension should therefore prioritize the quality of implementa-

tion combined with market access and livelihood support. 
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1. Introduction 

One persistent global issue that still poses a threat to humanity is the phenomenon of climate change [1], 

[2]. As the world's second-largest continent, spanning over 30 million km², Africa faces climate change as one 

of its most pressing ecological and social challenges of the 21
st
 century [3]. The burden falls unevenly where 

developing countries bear the greatest consequences although they have contributed least to the problem and 

have the fewest resources with which to respond [4]. Rural farming communities are particularly exposed be-

cause their adaptive capacity and access to finance are limited, and meaningful progress is unlikely without tar-

geted and sustained support [5]–[7]. 

Agriculture in Kenya, generates about a fifth of the gross domestic product and employs more than 40% 

of the population, and roughly 7.5 million small-scale producers account for about 80% of agricultural output 

[8]. Nearly all of this farming is dependent on precipitation, creating significant climatic vulnerability. 

Nyeri County exemplifies this vulnerability. Semi-arid areas on the leeward side of Mount Kenya, in-

cluding Kieni West, are prone to recurrent drought, with crop failure, prevented planting and lower milk produc-

tion being the outcome. The county's climate risk profile reports that about 70% of households in Nyeri, particu-

larly in Kieni, lack adequate access to food [9]. Rainwater harvesting, improved seed and livelihood diversifica-

tion have been widely promoted and many farmers have taken them up, yet food insecurity persists. 

Evidence from Kenya links adaptation to food security. Reviews show that climate variability and change 

undermine agricultural production and food security in the country [10] and national data indicate that farmers 

who use adaptation strategies are more likely to be food secure than those who do not [11]. However, such evi-

dence often does not distinguish between how many strategies a household adopts and how well they work, and, 

to our knowledge, it has not been examined at sub-county level in semi-arid Kieni with a standard household 

food insecurity scale. Whether adoption is associated with lower food insecurity in such a setting is therefore an 

open question. This article assesses the range of adaptation strategies employed by small-scale farmers in Kieni 

West Sub-County, and their implication on food security to individual households. It puts to test one hypothesis 

that states that the adoption of climate-smart agricultural strategies is closely associated with food security. 



International Journal of Latest Research in Humanities and Social Science (IJLRHSS) 

Volume 09 - Issue 10, 2026 

www.ijlrhss.com || PP. 58-71 

59 | Page                                                                                                                          www.ijlrhss.com 

1.1 Climate Change Adaptation 
Climate change is no longer a hypothesis but a present day reality for everyone, especially to rural com-

munities whose livelihood depends on weather patterns. Rising temperatures, more erratic rainfall and more 

frequent droughts are projected to intensify and to worsen conditions for food production across Africa [12]. In 

Africa, environmental threats are expected to intensify, manifesting through rising temperatures, elevated sea 

levels, increased cyclonic activity in East Africa, and deteriorating conditions for food production [12]. In 

Kenya, climate variability and change have been shown to undermine agricultural production and food security 

[10]. For the smallholder households who account for about 80% of agricultural output in Kenya [8], the ques-

tion is therefore not whether climate change will affect them, but how they will respond to it. 

Reducing emissions alone cannot protect these households, because the changes already under way will 

continue to affect farming for decades. Communities that depend on rain-fed agriculture must therefore adjust 

their practices in order to survive. Adaptation, the process of adjusting to actual or expected climate and its ef-

fects in order to moderate harm, is the means by which farming communities stay productive and food secure 

[12]. Communities that do not adapt remain exposed to repeated crop failure, loss of income and hunger, whe-

reas those that adapt are better placed to protect their livelihoods [13], [11]. Adaptation is, however, limited by 

the resources and capacity available to farmers [4], [7]. It is for this reason that it matters to establish which 

strategies farmers actually adopt, who adopts them, and whether adoption translates into food security. 

 

1.2 Adaptation Strategies 
Given the great susceptibility of the agricultural sector to critical climatic variables such as temperature, 

precipitation, and wind [14], climate change has presented significant and increasing challenges to global agri-

culture [15]. Therefore, adaptation is essential to addressing this sector’s vulnerabilities. The United Nations’ 

Sustainable Development Goals 2 and 13 which aim to eradicate hunger and combat climate change, respective-

ly are in line with adaptation strategies. Furthermore, in order to inform climate planning and commitments, all 

parties are required by the Paris Agreement to evaluate adaptation progress [16], [17]. 

Eight groups of strategies recur in the literature on smallholder adaptation. Diversifying farming me-

thods, through mixed cropping, crop rotation and adjusted planting dates, spreads risk across crops and seasons 

and stabilizes income [18]. In Kenya, crop diversification has been shown to help manage climate risk, and ma-

ize–legume rotation and intercropping have raised maize yields under conservation agriculture in contrasting 

African environments [19]. 

Water resources have been vital to agricultural production, but they are increasingly threatened by grow-

ing water scarcity. By upsetting the delicate balance of the water cycle, the impending threat of climate change 

exacerbates these difficulties even more [20]. In order to deal with the increasing variability of rainfall and 

drought conditions brought on by climate change, smallholder farmers have implemented a variety of water 

management techniques. Typical strategies include rainwater harvesting, which has become a revolutionary me-

thod being used globally to address water scarcity and encourage sustainable living [21]. In dry and semi-arid 

areas, water harvesting methods such as runoff management, agricultural ponds, and micro-catchment systems 

are commonly used. For additional irrigation or ground water recharge, these methods collect and retain surface 

runoff or rainfall [22]. During dry spells, water collection supports crop output, increases water availability, and 

lessens reliance on erratic rainfall. Techniques that manage irrigation, such alternating soaking and drying, pre-

cision irrigation, and deficit irrigation, have become more popular as adaptation measures. In order to maximize 

yield and water productivity, deficit irrigation applies water below the crop’s full water requirements, permitting 

moderate stress. By precisely delivering water according to crop requirements and soil moisture levels, precision 

irrigation—made possible by technologies such as drip and sprinkler systems—minimizes water loss [23]. 

Improved crop varieties are cultivars that have had their characteristics and performance improved 

through selective breeding or genetic alteration. This can entail higher nutritional value, increased yield, resis-

tance to pests or diseases, and flexibility in various environmental settings. It has become a normal practice to 

introduce and cultivate enhanced crop types that are resistant to climate conditions, diseases, and pests. Crop 

types created through breeding initiatives or genetic modification are becoming more and more popular among 

small-scale farmers as a way to increase their resistance to shifting environmental circumstances. The goal of 

this strategy is to protect livelihoods and guarantee steady harvests (FAO, 2020). 

Farmers also adopt soil and land management practices to conserve soil, improve fertility, and enhance 

resilience to climatic variability. Conservation tillage, reduced or zero tillage, and retention of crop residues 

minimize soil disturbance, reduce erosion, and improve moisture conservation [24]. Mulching similarly protects 

the soil surface, suppresses weeds, regulates soil temperature, and enhances moisture and nutrient retention [25]. 

Organic matter management through composting and manure application improves soil fertility, structure, water 

retention, and infiltration while reducing dependence on external inputs [26], [27]. Other practices, including 
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cover crops, improved fallows, and agroforestry, contribute to soil rehabilitation, nutrient cycling, and improved 

land productivity [28], [29]. 

Environmentally sound animal production methods are fundamental for building agricultural system ro-

bustness internationally. These techniques involve regulating livestock populations or synchronizing animal 

numbers with accessible feed sources [30], feed enhancement that is delivering additional nutrition during pe-

riods of inadequate pasture or to address nutrient shortfalls [31], and selecting moisture-tolerant livestock spe-

cies or breeding lines that exhibit decreased vulnerability to climatic challenges, resulting in improved produc-

tivity and income generation [32], [33]. 

Expanding livelihood alternatives can serve as a vital approach for climate change adaptation by helping 

distribute risks and establishing additional income sources [34]. Farm-based diversification involves combining 

different crop and livestock activities to spread production and income risks. Practices such as integrated crop-

livestock systems, and beekeeping can provide alternative food and income sources while reducing households’ 

vulnerability to climate-related shocks [35]. Non-farm income and migration can further strengthen household 

resilience. Alternative income activities can reduce losses following climatic shocks, while remittances from 

household members who migrate can improve food access and diversify income beyond climate-sensitive agri-

cultural activities [36], [34]. 

Since its inception in the late 1950s, the integrated pest management (IPM) paradigm of crop protection 

has been the most widely used. The Food and Agriculture Organization (FAO) defines Integrated Pest Manage-

ment (IPM) as the process of carefully weighing all available pest control methods and then incorporating suita-

ble measures that prevent the growth of pest populations, maintain pesticides and other interventions at econom-

ically justified levels, and lessen or eliminate risks to the environment and human health. IPM stimulates natural 

pest management methods and supports the development of a healthy crop with the least amount of disturbance 

to agro-ecosystems [37]. 

Research indicates that improving smallholder farmers’ access to and adoption of technologies such as 

weather monitoring tools, effective irrigation systems, and stress-tolerant seed varieties can raise agricultural 

productivity and incomes in the face of climate change [38]. To enable smallholder farmers to successfully ad-

dress climate risks and improve resilience, technology adoption should be combined with varied cropping, cli-

matic services, and social safety nets [11]. 

To appropriately analyse the findings of the study, the Sustainable Livelihoods Framework was adopted. 

This framework views households as pursuing livelihood strategies by drawing on five capitals (human, social, 

natural, physical and financial) within a vulnerability context of shocks and trends such as climate change, and 

mediated by institutions and policies, in order to achieve livelihood outcomes including food security. Two im-

plications guide the analysis. First, adoption should vary with the assets households hold, which the study ap-

proaches through age, farming experience and education (human capital) and gender. Second, strategies are 

viewed as means rather than ends: whether households deliver on food security depends on the wider capitals 

and institutional context, not on adoption alone. The second view is whence the hypothesis that states that the 

adoption of climate-smart agricultural strategies is closely associated with food security among small-scale far-

mers is derived from. 

 

2. Methodology 

The study was conducted in Kieni West Sub-County, Nyeri County, central Kenya. The sub-county cov-

ers about 518 km² and has four wards: Gatarakwa, Mugunda, Endarasha/Mwiyogo and Mweiga. Its semi-arid 

conditions on the leeward slopes of Mount Kenya and its reliance on rain-fed farming make it vulnerable to 

drought and, occasionally, to floods. Farmers grow maize, beans, Irish potatoes and vegetables and keep lives-

tock. 

Kieni West was selected for four reasons. First, it is semi-arid and prone to recurrent droughts, and the 

county’s climate risk profile reports that about 70% of households in Nyeri, particularly in Kieni, lack adequate 

access to food [9], so the link between adaptation and food security is a live concern there. Second, the sub-

county combines the semi-arid conditions of the leeward slopes of Mount Kenya with wetter zones elsewhere, 

so it serves as a microcosm of the agro-ecological conditions and challenges faced by farmers across the wider 

region and allows adaptation strategies to be examined in both wet and dry areas. Third, its population is largely 

made up of smallholder farmers who keep both crops and livestock, the group most exposed to climate shocks. 

Lastly, the presence of the Kenya School of Agriculture at Wambugu Farm, a training institution that provides 

research and consultation services, gave the study access to expert knowledge and resources. Other sub-counties 

in Kenya, such as parts of Makueni, Kitui and Laikipia, are also vulnerable to climate change, but Kieni West 

brings these characteristics together in a single setting. 

A survey method was used to collect data. The target population were small-scale farming households 

that cultivate less than 4.5 acres, derive a significant share of their income from farming, and keep both crops 
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and livestock. A two-stage procedure was followed. First, two of the four wards, Mwiyogo and Mweiga, were 

selected by simple random sampling; together they hold 8,244 of the estimated 15,625 households in the sub-

county. Through Cochran's formula, 270 households were determined for the study. This sample size was, then, 

through stratified sampling, aproportioned to the two purposively selected wards (that is Mwiyogo (81), and 

Mweiga (189). Households were selected within each ward from the household listings held by the assistant 

chiefs' offices, organised by sub-location, using systematic interval. The unit of analysis were household heads. 

Data was collected with a structured questionnaire administered by the researcher and entered directly in-

to a password-protected electronic form. The instrument covered demographic characteristics, awareness of cli-

mate change and experienced impacts, adoption of eight adaptation strategies and the nine HFIAS questions. 

The questionnaire was pilot tested with a small group of farmers drawn from the larger target population, but 

who were not included in the main survey. The pilot study was conducted to identify ambiguous or confusing 

questions, unclear wording and potential bias, and to improve the consistency of responses. The questionnaire 

was revised on the basis on the feedback received, and this revised version was what was administered to the 

sampled household heads. For purposes of triangulation, key informant interviews and observation methods 

were also used. Six agricultural extension officers were interviewed as key informants, while for observation 

purposes, a check list was constructed to observe farm practices. Research authorization was obtained before 

fieldwork. During fieldwork, consent was obtained from participants before interviews, and responses were 

anonymized. 

Adoption of each of the eight strategies was recorded as a yes/no response, and the number of strategies 

adopted was grouped as none, one to three, four to five, and six to eight. Household food insecurity was meas-

ured with the nine-item HFIAS, using a 12-month recall period, and households were classified as food secure, 

or mildly, moderately or severely food insecure from the occurrence and frequency of the nine conditions. 

Analysis was done through descriptive statistics, with Pearson chi-square tests and z-tests used to analyse 

findings. The stated hypothesis in section 1 above was tested using Z-test, where households were grouped by 

the number of strategies adopted: low (none to three strategies, combined because the original groups were too 

small), moderate (four to five) and high (six to eight). The percentage of households in each food security cate-

gory was compared across each pair of adoption groups using a two-proportion z-test. Because the analysis in-

volved three pairs of adoption groups and three food security categories (food secure, mildly food insecure, and 

severely food insecure), a total of nine pairwise comparisons were conducted. If adoption was strongly asso-

ciated with food security, the groups with higher adoption levels would be expected to have a higher proportion 

of food-secure households and a lower proportion of severely food-insecure households. 

 

3. Field Findings 

3.1 Respondents demographics 
Table 1 describes the 270 respondents. Most were male (91.9%), 43.7% were aged 55 years or more, and 

47.4% had no formal education. More than half (52.6%) had 11–20 years of farming experience and a further 

21.5% had more than 20 years. 

Age is often linked to a person's exposure to different technologies, life experience and risk tolerance 

[11]; gender differences are critical in determining access to resources like land, technology and decision-

making power [39]; Education influences a farmer's ability to understand, access, and apply new information 

regarding climate-smart agricultural practices [40] and farming experience provides practical knowledge about 

local climate patterns, farming practices, and past adaptation strategies [41] 
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Table 1: Characteristics of the respondents (N = 270) 

Characteristic Category Households % 

Age (years) Below 35 35 13.0 

 35–44 28 10.4 

 45–54 89 32.9 

 55 and above 118 43.7 

Gender Male 248 91.9 

 Female 22 8.1 

Education No formal education 128 47.4 

 Primary 52 19.3 

 Secondary 82 30.4 

 University 8 2.9 

Farming expe-

rience 

Less than 5 years 32 11.9 

 5–10 years 38 14.1 

 11–20 years 142 52.6 

 More than 20 years 58 21.5 

Source: Survey data, 2024. 
This data was applied for purposes of intersectionality analysis. 

 

3.2 Awareness and Impact of Climate Change 
Awareness is the starting point of adaptation because farmers who do not recognize that the climate is 

changing are unlikely to change their farming practices. This section therefore presents the extent of farmers’ 

awareness of climate change and the impacts they had experienced on their farms, before they now decide 

which strategies they are going to adopt in response. 

 

Table 2: Farmers’ Awareness of Climate Change 

Awareness of climate change Frequency (n) Percentage (%) 

Aware of climate change 251 92.96 

Not aware of climate change, but aware of climatic changes 19 7.04 

Total 270 100.00 

Source: Survey Data 2024 
 

A large majority of farmers (251 households; 92.96%) reported being aware of climate change, and the 

remaining 19 (7.04%) recognized changing weather patterns without using the term climate change as shown in 

table 2. 

Table 3 shows the impacts of climate change as experienced by farmers. Increased drought (92.96% of 

respondents), changes in the growing season (89.26%), more erratic rainfall (88.52), decreased water availabili-

ty (84.81%) and more pest and disease outbreaks (84.07%) were the most commonly reported. Higher tempera-

tures and soil erosion or degradation were each reported by 73.33% of respondents, flooding by 52.59% and 

heat waves by 32.96%. The survey results indicated a significant awareness among farmers regarding the im-

pacts of climate change on their agricultural practices. 
 

Table 3: Climate change impacts reported by farmers (N = 270) 

Climate change impact Households % of respondents 

Increased frequency of droughts 251 92.96 

Changes in growing seasons 241 89.26 

More erratic rainfall patterns 239 88.52 

Decreased water availability 229 84.81 

Increased pest and disease outbreaks 227 84.07 

Higher temperatures 198 73.33 

Soil erosion or degradation 198 73.33 

Increased flooding 142 52.59 

More frequent heat waves 89 32.96 

Source: Survey data, 2024. 
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3.3 Climate Change Adaptation Strategies 
As indicated, there exists various adaptation strategies that farmers can pick-up. In Kieni, farmers were 

found to have adopted eight (8) strategies as shown in Table 4. Improved crop varieties were the most widely 

adopted (70.74%), followed by soil conservation (68.52%), water management techniques (66.67%) and diversi-

fication of farming methods (63.70%). Livestock management (62.22%), livelihood diversification (59.30%) 

and integrated pest management (56.30%) followed and half of the farmers had adopted new technology 

(50.0%). 
 

Table 4: Adoption of adaptation strategies 

Strategy Adopted, n (% of 270) 

Improved crop varieties 191 (70.74) 

Soil conservation practices 185 (68.52) 

Water management techniques 180 (66.67) 

Diversification of farming methods 172 (63.70) 

Livestock management 168 (62.22) 

Livelihood diversification 160 (59.30) 

Integrated pest management 152 (56.30) 

Adoption of new technology 135 (50.0) 

Source: Survey data, 2024 
 

3.4 Intersectionality and adaptation strategies 
For each of the eight strategies, adoption was compared across four demographic variables: age, years of 

farming experience, education and gender. These characteristics were selected because, as outlined in section 

3.1, each shapes a farmer’s ability to access, understand and act on adaptation options: age through exposure to 

technology, life experience and risk tolerance; farming experience through practical knowledge of local climate 

and past adaptation; education through the capacity to access and apply new information; and gender through 

access to land, technology and decision-making power. They are also the human capital and personal attributes 

through which, in the Sustainable Livelihoods Framework, households convert their assets into livelihood strat-

egies. Examining the four together shows whether adoption is concentrated among particular groups of farmers, 

and therefore where extension and support are most needed. 

Tables 5 to 8 gives the findings as it relates to this. To test for association between strategy adoption as it 

relates to the intersectionality variables selected, Pearson chi-square test of independence was used. Table 5 

shows results of age contrasted against adaptation strategies. The results show that adoption rose with age for 

every strategy, and that the association was statistically significant for each strategy. 
 

Table 5: Adoption of strategies by farmers’ age 

 Farmers who adopted the strategy, % of age 

group 

Chi-square test 

Strategy Below 35 

(n = 35) 

35–44  

(n = 28) 

45–54  

(n = 89) 

55 and above 

(n = 118) 

χ² (df) p 

Improved crop varieties 51.4 71.4 73.0 74.6 8.842 (3) 0.031 

Soil conservation practices 40.0 64.3 71.9 75.4 14.726 (3) 0.002 

Water management techniques 45.7 64.3 69.7 71.2 11.246 (3) 0.010 

Diversification of farming methods 45.7 53.6 65.2 70.3 10.264 (3) 0.016 

Livestock management 34.3 57.1 65.2 69.5 13.842 (3) 0.003 

Livelihood diversification 28.6 57.1 62.9 66.1 16.843 (3) 0.001 

Integrated pest management 28.6 53.6 58.4 63.6 15.624 (3) 0.001 

Adoption of new technology 20.0 42.9 53.9 57.6 18.624 (3) 0.001 

Source: Survey data, 2024 
 

Age therefore weighed significantly when it comes to farmers taking up adaptation strategies. What first 

catches the eye is the finding that young farmers were the least likely to have adopted new technology. The re-

verse is what is expected, since younger farmers are commonly assumed to embrace new technologies more 

readily [42], [43]. This is consistent with the argument that older farmers have accumulated practical experience 

of farming and a deeper understanding of local environmental change, which helps them to recognise the long-

term threat posed by climate change and to adopt strategies such as diversification to protect their livelihoods. 
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Ndung’u et al. [44] and Deressa et al. [45] similarly emphasised the link between age and environmental know-

ledge, with Ndung’u et al. finding that adoption of climate-smart agriculture technology increased with age, 

peaking in the above-55 age group. Older farmers may also have a greater stake in keeping their farms sustaina-

ble, since these are often multigenerational family enterprises. Younger farmers, in contrast, tend to be less fa-

miliar with long-term climate variability [46], and they may have fewer resources and less land with which to 

experiment with new techniques. The lack of productive resources such as land and capital among the youngest 

farmers has also been offered as an explanation for their low uptake of technology [46]. In Kieni West, however, 

resources and experience, rather than youthful familiarity with technology, appear to drive adoption. 

Table 6 contrasts years of farming experience with strategies adapted. Results indicate that there was sig-

nificant association between the array of adaptation strategies and years of experience. Adoption was lowest 

among farmers with less than five years of experience and highest among those with 11–20 years or more than 

20 years. 
 

Table 6: Adoption of strategies by years of farming experience 

 Farmers who adopted the strategy, % of experience group Chi-square test 

Strategy Less than 5 

years (n = 32) 

5–10 years 

(n = 38) 

11–20 years 

(n = 142) 

More than 20 

years (n = 58) 

χ² (df) p 

Improved crop varieties 46.9 63.2 76.1 75.9 12.847 (3) 0.005 

Soil conservation practices 43.8 57.9 74.6 74.1 13.967 (3) 0.003 

Water management techniques 37.5 57.9 71.8 75.9 16.924 (3) 0.001 

Diversification of farming methods 43.8 57.9 66.2 72.4 18.742 (3) 0.001 

Livestock management 37.5 52.6 69.0 65.5 11.842 (3) 0.008 

Livelihood diversification 31.3 47.4 66.2 65.5 15.847 (3) 0.001 

Integrated pest management 31.3 47.4 63.4 58.6 13.967 (3) 0.003 

Adoption of new technology 25.0 42.1 57.7 50.0 12.983 (3) 0.005 

Source: Survey data, 2024 
 

The rise in adoption with farming experience is consistent with earlier studies. Amare et al. (2018) found 

that farming experience significantly influenced the adoption of crop management strategies, with more expe-

rienced farmers showing higher adoption rates. Experienced farmers typically have better access to resources 

and information networks [45] and are more knowledgeable about weather patterns and their implications for 

crop production [47]. The low adoption among farmers with less than five years of experience corroborates 

Bryan et al. [13], who found that newer farmers often face barriers to adopting climate adaptation strategies be-

cause of limited resources and knowledge. 

Table 7 contrasts farmer education against adaptation strategies. The results indicate that adoption rose 

with each step up in education (from no formal education, to primary level, to secondary and post-secondary 

level) for all eight strategies. No chi-square test of education was reported, so this pattern is described but is not 

claimed to be statistically significant. The chi-square test of independence is valid only when the expected fre-

quencies in the cells are sufficiently large, conventionally at least five. Only eight respondents (2.9%) had uni-

versity education, so the expected frequencies for this group fell below that minimum for all eight strategies, and 

the test would not have been valid. 
 

Table 7: Adoption of strategies by education level 

 Farmers who adopted the strategy, % of education group 

Strategy No formal education 

(n = 128) 

Primary 

(n = 52) 

Secondary 

(n = 82) 

University  

(n = 8) 

Improved crop varieties 60.9 73.1 81.7 100.0 

Soil conservation practices 57.8 71.2 80.5 100.0 

Water management techniques 56.3 69.2 78.0 100.0 

Diversification of farming methods 56.3 65.4 70.7 100.0 

Livestock management 53.1 65.4 70.7 100.0 

Livelihood diversification 48.4 61.5 70.7 100.0 

Integrated pest management 45.3 61.5 65.9 100.0 

Adoption of new technology 37.5 53.8 62.2 100.0 

Source: Survey data, 2024 
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The education findings show that adoption rose with each step up in education for all eight strategies, and 

that all eight university-educated farmers had adopted every strategy. This is consistent with evidence that high-

er education enhances farmers' understanding of climate challenges and adaptive strategies [48]. Ndamani and 

Watanabe [49] and Deressa et al. [45] likewise identified education as a critical determinant of adaptation, be-

cause educated farmers have better access to information and a greater ability to process complex agricultural 

decisions. Education also increases farmers' ability to obtain, interpret and understand climate-related informa-

tion, and so to devise suitable responses [50], and Belay et al. [51] found that more years of education increased 

the likelihood of adopting improved crop varieties. 

The next test was to assess whether gender was associated with adaptation strategies adopted. The results 

indicated that there was no significant difference when it came to gender (see Table 8). 

 

Table 8: Adoption of strategies by gender 

 Farmers who adopted the strategy Chi-square test 

Strategy Men, adopted of 

248 (%) 

Women, adopted of 

22 (%) 

χ² (df) p 

Improved crop varieties 176 of 248 (71.0) 15 of 22 (68.2) 0.076 (1) 0.783 

Soil conservation practices 170 of 248 (68.5) 15 of 22 (68.2) 0.001 (1) 0.973 

Water management techniques 166 of 248 (66.9) 14 of 22 (63.6) 0.095 (1) 0.758 

Diversification of farming methods 158 of 248 (63.7) 14 of 22 (63.6) 0.142 (1) 0.706 

Livestock management 154 of 248 (62.1) 14 of 22 (63.6) 0.021 (1) 0.885 

Livelihood diversification 146 of 248 (58.9) 14 of 22 (63.6) 0.187 (1) 0.665 

Integrated pest management 140 of 248 (56.5) 12 of 22 (54.5) 0.027 (1) 0.869 

Adoption of new technology 124 of 248 (50.0) 11 of 22 (50.0) 0.000 (1) 1.000 

Source: Survey data, 2024. 
 

The finding that men and women adopted adaptation strategies at similar rates is consistent with recent 

work suggesting that gender differences in adoption narrow when access to resources and extension services is 

more equal. Mcharo and Waswa [52], for example, found diminishing gender differences in the adoption of soil 

and water conservation practices in Kenyan highland catchments, which they attributed to improved access to 

extension services and resources for female farmers. It contrasts with earlier studies that documented significant 

gender gaps, often because men have greater access to resources, land and decision-making [45], [44]. Two con-

siderations temper the finding. First, similar adoption rates may mask differences in the scale and intensity with 

which women and men implement strategies [53]. Second, only 22 of the 270 respondents (8.1%) were women, 

so the comparison rests on a small group, and the household head recorded as male is not necessarily the only 

decision-maker: one extension officer interviewed observed that in households where women had more educa-

tion or training they often influenced or even led the decision to adopt, regardless of who was registered as 

household head. 

Taken together, Tables 5 to 8 shows that older, more experienced and more educated farmers took to 

more efficient strategies, whereas gender was demonstrated as bearing no significant impact. In terms of the 

Sustainable Livelihoods Framework, this suggests that human capital, in the form of knowledge built up through 

age, experience and schooling, shapes which households would adapt better adaptation strategies. 

 

4. Household Food Security 

Food insecurity was measured using the HFIAS framework. Measurement of insecure and secure house-

hold was as described in section 2. 

The findings showed that food insecurity was widespread. Worry about not having enough food was re-

ported by 87.0% of households, and 85.2% reported being unable to eat preferred foods, eating a limited variety 

of foods, eating foods they did not want, or eating smaller or fewer meals. In addition, 68.5% of households 

reported having no food of any kind in the household, and 66.7% reported going to sleep hungry or going a 

whole day and night without eating. For every item, 27.8% of households reported that the condition occurred 

often. Only 1.8% of households (5) were food secure; 13% (35) were mildly, 17.8% (48) moderately and 67.4% 

(182) severely food insecure. 
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Table 9: Distribution of HFIAS Responses 

HFIAS Question Yes, n (%) Frequency among those who ans-

wered Yes 

No, n (%) 

1. Worry about food 235 (87.0) Rarely: 5 (1.9); Sometimes: 155 (57.4); 

Often: 75 (27.8) 

35 (13.0) 

2. Unable to eat preferred foods 230 (85.2) Rarely: 5 (1.9); Sometimes: 150 (55.6); 

Often: 75 (27.8) 

40 (14.8) 

3. Eat limited variety of foods 230 (85.2) Rarely: 5 (1.9); Sometimes: 150 (55.6); 

Often: 75 (27.8) 

40 (14.8) 

4. Eat unwanted foods 230 (85.2) Rarely: 15 (5.6); Sometimes: 140 

(51.9); Often: 75 (27.8) 

40 (14.8) 

5. Eat smaller meals 230 (85.2) Rarely: 5 (1.9); Sometimes: 150 (55.6); 

Often: 75 (27.8) 

40 (14.8) 

6. Eat fewer meals in a day 230 (85.2) Rarely: 5 (1.9); Sometimes: 150 (55.6); 

Often: 75 (27.8) 

40 (14.8) 

7. No food of any kind 185 (68.5) Rarely: 5 (1.9); Sometimes: 105 (38.9); 

Often: 75 (27.8) 

85 (31.5) 

8. Go to sleep hungry 180 (66.7) Rarely: 15 (5.6); Sometimes: 90 (33.3); 

Often: 75 (27.8) 

90 (33.3) 

9. Go day and night without eating 180 (66.7) Rarely: 15 (5.6); Sometimes: 90 (33.3); 

Often: 75 (27.8) 

90 (33.3) 

Source: Survey Data 2024 
 

Of interest then was to assess whether adaptation of climate change strategies (as measured in section 

3.3) had an impact on household food insecurity. This was done by testing the hypothesis formulated in section 

1. 

 

4.1 Test of hypothesis 
The hypothesis formulated postulated that the adoption of wide array of climate-smart agricultural strate-

gies was closely associated with food security. The hypothesis contends that if this were true, then households 

that adopted more strategies should be more food secure. Table 10 shows food security for households grouped 

by the number of strategies adopted, and Table 11 presents the results of the two-proportion z-tests, which com-

pare the percentage of households in each food security category (food secure, mildly food insecure and severe-

ly food insecure) between the three adoption groups: low (none to three strategies), moderate (four to five strat-

egies) and high (six to eight strategies). 

Each comparison in Table 11 uses a two-proportion z-test. It asks whether the percentage of households 

in a food security category (for example, severely food insecure) differs between two groups by more than 

chance would explain. The Z value expresses the size of the difference relative to the variation expected by 

chance, so values further from zero indicate larger differences; a positive Z means the first group had the higher 

percentage and a negative Z means it had the lower one. 

Table 10: Household food security by number of strategies adopted, n (%) 

Strategies adopted Food secure Mildly insecure Moderately insecure Severely insecure Total 

0 strategies 0 (0.0%) 0 (0.0%) 1 (16.7%) 5 (83.3%) 6 (100.0%) 

1-3 strategies 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (100.0%) 2 (100.0%) 

4-5 strategies 0 (0.0%) 2 (3.6%) 12 (21.4%) 42 (75.0%) 56 (100.0%) 

6-8 strategies 5 (2.4%) 33 (16.0%) 35 (17.0%) 133 (64.6%) 206 (100.0%) 

Total (N = 270) 5 (1.8%) 35 (13.0%) 48 (17.8%) 182 (67.4%) 270 (100.0%) 

Source: Survey data, 2024. 
 

The test indicated that severe food insecurity fell as the number of strategies adopted rose. However, 

none of these differences was statistically significant (p = 0.402, 0.148 and 0.143). The proportion of food-

secure households did not differ significantly between groups either (p = 1.000, 0.485 and 0.240). Of the nine 

comparisons, only one was significant: mild food insecurity was more common among households adopting six 

to eight strategies than among those adopting four to five (16.0% against 3.6%; Z = −2.419, p = 0.016). This 

points away from the hypothesised direction, and points that the single significant result among nine compari-
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sons is not enough to support the hypothesis. The hypothesis was therefore rejected (with results signifying that 

adopting more strategies was not significantly associated with better food security). 

 

Table 11: Two-proportion z-tests comparing groups by number of strategies adopted 

Comparison Outcome First group, % Second group, % Z p 

Low vs moderate adoption Food secure 0.0 0.0 0.000 1.000 

Low vs high adoption Food secure 0.0 2.4 −0.698 0.485 

Moderate vs high adoption Food secure 0.0 2.4 −1.176 0.240 

Low vs moderate adoption Mildly insecure 0.0 3.6 −0.548 0.584 

Low vs high adoption Mildly insecure 0.0 16.0 −1.279 0.201 

Moderate vs high adoption Mildly insecure 3.6 16.0 −2.419 0.016 

Low vs moderate adoption Severely insecure 87.5 75.0 0.838 0.402 

Low vs high adoption Severely insecure 87.5 64.6 1.447 0.148 

Moderate vs high adoption Severely insecure 75.0 64.6 1.466 0.143 

Source: Survey data, 2024 

 

 
Figure 1: Severe food insecurity by number of strategies adopted 

Source: Survey data, 2024 
 

These results suggest that it is not the number of strategies a household adopts that determines its food 

security, but how efficiently those strategies work for that household. Adoption in this study was recorded simp-

ly as whether a farmer used a strategy, and the count of strategies gives every strategy the same weight, whether 

it is applied on the whole farm or on a corner of it, whether it is carried out on time and as recommended, and 

whether it suits local conditions. A household that has adopted six strategies in a token or partial way may there-

fore appear better adapted than a household that has adopted three and implements them well, yet it need not be 

more food secure. 

This is consistent with the view that technology adoption has to be combined with varied cropping, cli-

mate services and social safety nets in order to build resilience [11], and with the observation that Kenyan far-

mers’ capacity and resources to respond to climate change are limited [13]. The one significant result, more mild 

food insecurity among households adopting six to eight strategies than among those adopting four to five, points 

in the same direction: adopting many strategies did not by itself move households out of food insecurity. What 

matters, then, is the efficiency of the strategies adopted rather than their number. Extension and policy should 

therefore shift attention from encouraging farmers to adopt as many practices as possible towards ensuring that 

the practices they adopt are well matched to local conditions and to the resources of the households that adopt 

them. 

 

5. Discussion 

5.1 Intersectionality and Adoption Strategies 
This article shows that farmers in Kieni West are aware of climate change and that they had responded in 

one way or another to this change. This they had done by adapting certain farming strategies. Low-cost, farm-

based options such as improved seed, soil conservation and water management were the most common, and 

knowledge- and capital-intensive options such as new technology were the least common strategies adopted. 
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This fits the livelihoods framework's expectation that strategies are constrained by the capitals available to 

households [13], and the observation that Kenyan farmers' capacity to adapt is limited. The positive association 

of adoption with age and experience is consistent with human capital shaping adaptive capacity: accumulated 

experience of local climate and farming practice [44], and, as the descriptive education results suggest, formal 

education that helps farmers access and apply technical information [50], [40]. The finding that younger farmers 

were less likely to have adopted new technology differs from the expectation that they would be the age group 

more likely to be welcoming to new modern ways of doing things. The results may however reflect their limited 

access to land and capital, rather than reluctance. 

The absence of gender differences should be treated with interest. Women were only 8.1% of the sam-

pled respondents, which limits the power to detect differences and suggests that women are under-represented 

among the household heads surveyed. One extension officer interviewed observed that the most successful 

adopting households were those in which both spouses attended training and made joint decisions, a reminder 

that individual-level gender comparisons may miss how decisions are made within households. 

 

5.2 Adoption and food insecurity 
The central finding is the gap between adaptation and food security. Despite widespread adoption, with 

three quarters of households using six to eight strategies, two thirds of the sampled households (67.4%) were 

found to be severely food insecure (with only 1.8% found to be food secure.) Households adopting more strate-

gies had lower rates of severe food insecurity (87.5%, 75.0% and 64.6%), but the difference between the three 

tested groups were found to be not statistically significant; hence the set hypothesis was rejected. This differs 

from other findings (i.e [11]) in which farmers with more adaptation strategies were found to be more food se-

cure. This implies that we have to go beyond counting the array of strategies used to the efficiency of the strate-

gies employed, however few. 

This article opines that whereas age, experience and education do matter, farm-level adaptation cannot by 

itself offset other intermediate factors such as recurrent drought, constrained markets and limited national poli-

cies such as social protection. As already pointed out by Radeny et al. [54], crop failure in drought years has 

consistently impacted on food insecurity in Kenya's drylands, meaning that farmer effort has to be cushioned by 

government policies and practices. This explains why adaptation research increasingly argues for looking 

beyond production-side measures to broader vulnerability [7], and how governments can come in to mitigate 

farmers against these factors. In the terms of the livelihoods framework, the strategies studied act mainly on 

natural and human capital, whereas food security outcomes also depend on financial and physical capital and on 

institutions such as markets, credit, seed systems and extension. 

 

6. Conclusion and implications 

Small-scale farmers in Kieni West were found to be aware of climate change and to have adopted many 

adaptation strategies, with adoption rising with age and farming experience and education. Yet food insecurity is 

pervasive, and adopting more strategies was not significantly associated with better food security, as hypothe-

sised. Four implications arise from this observation. First, the need for extension services should be given more 

particular attention, especially to the younger, less experienced and less educated farmers, who were found to 

adopted least. It ought to be pointed out that Kenya has progressively moved away from the earlier model in 

which agricultural extension services were provided free of charge by government. Reforms involving privatiza-

tion, cost recovery and commercialization have resulted in a more pluralistic extension system involving public, 

cost-sharing and private-sector provision [55, p. 43], [56, p. ix] a policy that now ought to be reversed. Second, 

once extension services have been restored, climate-resilient seed distribution programme should be rolled out. 

It is well known that access to seed, conditions adoption [57]. Third, promoting adaptation alone should not be 

treated as sufficient for food security; rather, this should be combined with policy and practical measures that 

improve market access and livelihood diversification. Fourth, longitudinal research that follows same house-

holds across seasons, tracking production, market engagement and food security, is needed to clarify why per-

ceived multiple adoption practices does not necessarily translate into food security. These new researchers 

should look into what other factors should be taken into consideration alongside these multiple adaptation strat-

egies. These new research would provide evidence on this, evidence that would be crucial in tackling the next 

cycle of climate change impact across Africa. 
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