
 sustainability.hapres.com 

J Sustain Res. 2026;8(2):e260047. https://doi.org/10.20900/jsr20260047  

Article 

Shocks, Adaptation Strategies, and Climate 
Resilience of Smallholder Households in  
Busia, Kenya 
Charles Chigemezu Nwokoro 1,*,†, Sophie van den Berg 2,†, Elizabeth Imbo 3, 
Aleksandra Wybieralska 4, Marnie Pannatier 5, Jimena Monroy 6,  
Cornelia Speich 7,8, Kesso Gabrielle van Zutphen 9, Tanja Barth-Jaeggi 7,8, 
Helen Prytherch 7,8, Johan Six 1, Dominique Barjolle 2 

1 Department of Environmental Systems Science, ETH Zürich, CH-8092 Zurich, 
Switzerland; johan.six@usys.ethz.ch (JS) 

2 Enterprise for Society Center, University of Lausanne, CH-1015 Lausanne, 
Switzerland; sophie.vandenberg@unil.ch (SvdB);  
dominique.barjolle@unil.ch (DB) 

3 Sustainable Agriculture Foundation—Africa, 00100 Nairobi, Kenya; 
Elizabeth.Imbo@susagfoundation.org (EI) 

4 Office of Climate Change, Biodiversity and Environment, Food and Agriculture 
Organization of the United Nations (FAO), 00153 Rome, Italy; 
Aleksandra.Wybieralska@fao.org (AW) 

5 Farm Service, Sustainability Department, Barry Callebaut, CH-8005 Zurich, 
Switzerland; pannatier.marnie@gmail.com (MP) 

6 Independent researcher, CH-1015 Lausanne, Switzerland; 
lnjimenamonroy@gmail.com (JM) 

7 Swiss Tropical and Public Health Institute, 4123 Allschwil, Switzerland; 
Cornelia.Speich@swisstph.ch (CS); Tanja.Barth-Jaeggi@swisstph.ch (TB-J); 
Helen.Prytherch@swisstph.ch (HP) 

8 Department of Public Health, University of Basel, 4001 Basel, Switzerland 
9 Sight and Life Foundation, 4002 Basel, Switzerland; 

kesso.vanzutphen@sightandlife.org (KGvZ) 
* Correspondence: Charles Chigemezu Nwokoro,  

Email: charles.nwokoro@usys.ethz.ch. 
† These authors contributed equally to this work and share first authorship. 

ABSTRACT 

Introduction: Smallholder farming systems in sub-Saharan Africa are 
increasingly exposed to climatic variability, pest outbreaks, and market 
fluctuations, with significant implications for household resilience. 
Understanding how households experience shocks and build resilience is 
essential for designing effective interventions. This study examined 
farming systems, shock exposure, adaptation strategies, ecological and 
socio-economic resilience among smallholder households in Busia County, 
Kenya, with emphasis on gender, agroecological farming practice (AFP) 
adoption, and livelihood characteristics. Methodology: A quantitative 
household-level survey was conducted in March 2022 with 156 households 
across four sub-counties—Budalangi, Matayos, Nambale, and Teso-South, 
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using an adapted FAO Self-evaluation and Holistic Assessment of climate 
Resilience of farmers and Pastoralists (SHARP) tool. Five resilience 
indicators—ecological self-regulation, profitability, exposure to 
disturbance, reflective and shared learning, and social self-organization—
were assessed following the SHARP resilience framework. Data were 
analyzed using descriptive statistics, non-parametric tests, Chi-square 
tests, Pearson correlation, and multiple linear regression. Results: 
Households exhibited predominantly medium resilience across ecological 
self-regulation, profitability, learning, and disturbance exposure, while 
social self-organization was comparatively high. No statistically significant 
differences in resilience or AFP adoption were observed between male- 
and female-headed households. In contrast, AFP adoption intensity was 
positively associated with ecological self-regulation, reflective and shared 
learning, and profitability. Social group membership was strongly linked 
to social self-organization and learning-related resilience but not to 
ecological or economic resilience outcomes. Non-farm income 
significantly enhanced economic resilience, whereas land access alone 
showed limited effects. All households reported market shocks, alongside 
widespread abiotic and biotic shocks, and adopted context-specific 
adaptation strategies aligned with shock type. Discussion: Enhancing 
resilience of smallholder households requires integrated approaches that 
promote agroecological practices, strengthen farmer groups, and support 
income diversification. Policies should prioritize agroecological extension 
services, inclusive rural finance, and context-specific, shock-responsive 
interventions to improve smallholder resilience. 

KEYWORDS: smallholder households; farming systems; shocks; shock 
adaptation strategy; SHARP; resilience; agroecological farming practices 

INTRODUCTION 

Smallholder farming in sub-Saharan Africa serves as a major base for 
rural livelihoods by supporting food security, creating jobs, and improving 
rural economies [1]. However, households engaging in smallholder 
farming face several challenges from climatic variability, pest infestations, 
and market fluctuations, which interact to threaten farms’ productivity 
and livelihoods in general [2]. In Western Kenya, like every region in 
developing countries characterized by rain-fed agriculture and limited 
access to urban markets, these shocks exacerbate vulnerabilities, leading 
to reduced yields, income instability, and environmental degradation [3]. 
Therefore, understanding the nature of the shocks faced by smallholder 
farming households in Busia and the strategies they employ to cope with 
them is crucial for designing effective interventions and policies to 
enhance agricultural sustainability and resilience. This study investigated 
the farming systems, shock exposure, adaptation strategies, and resilience 



 
Journal of Sustainability Research 3 of 31 

J Sustain Res. 2026;8(2):e260047. https://doi.org/10.20900/jsr20260047  

of farming households in Busia, Kenya, to provide an understanding of the 
local agricultural dynamics. 

Climatic shocks, such as droughts, erratic rainfall, hailstorms, and 
flooding, have become increasingly frequent and severe due to climate 
change, posing significant risks to agricultural productivity [4]. Also, pest 
and disease outbreaks, such as the Fall armyworm on maize or maize 
lethal necrosis, further complicate the problems faced by smallholder 
farmers in Busia [5,6]. Furthermore, market-related shocks, including 
price volatility and limited market access, add another layer of difficulty, 
repeatedly forcing households to sell produce at low prices or rely on 
‘middlemen’ (individuals or organizations in a stronger economic position 
that act as intermediaries in the supply chain) to make sales, often at 
undesired prices [7]. To mitigate these challenges, farmers employ various 
adaptation strategies, including crop diversification, off-farm income 
generation, mixed farming, and the adoption of improved low-tech 
agricultural practices, such as integrated pest or soil management 
practices [8]. However, the effectiveness of these strategies in enhancing 
the socioeconomic and environmental resilience of farming households 
combined remains underexplored in the context of Kenya’s smallholder 
systems. 

Resilience, defined as the capacity of households to absorb, adapt to, 
and recover from shocks, is a critical factor in ensuring sustainable 
agricultural systems [9]. Socioeconomic resilience encompasses aspects 
such as income stability, access to resources, and social networks, 
including level of education, whereas environmental resilience relates to 
the ability of farming systems to maintain ecosystem services, including 
soil fertility and biodiversity, under stress [10]. Also, gender is known to 
intersect with resilience. Research suggests that female-headed farming 
households tend to show lower resilience compared to male-headed 
households, partly because women control fewer resources, e.g., land, 
than men [11]. The land women control is often of poorer quality, and their 
tenure is insecure [11]. 

Although increasing evidence links agroecological practices with 
enhanced resilience [12], there remains a lack of understanding of how 
smallholder households in Busia, Kenya, experience and respond to 
agricultural shocks, and how these processes influence their 
socioeconomic and environmental resilience. In particular, the gendered 
dimensions of resilience and the extent to which agroecological practices 
are adopted within this context are insufficiently documented. This study 
aimed to examine the relationships between household characteristics, 
adoption intensity of agroecological farming practices (AFPs), and 
resilience indicators, with particular emphasis on gender, resource access, 
and adaptive responses to shocks. The specific objectives were to: (i) assess 
differences in household resilience indicators by household head gender; 
(ii) analyze the influence of household head gender on the adoption of 
agroecological farming practices (AFPs); (iii) determine the relationship 
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between AFP adoption intensity and household resilience indicators; (iv) 
evaluate the association between group membership and household 
resilience indicators; (v) examine the effects of land access and non-farm 
income on household resilience; and (vi) analyze the types of shocks 
experienced by households and their corresponding adaptation strategies. 

We hypothesized that: (i) resilience indicator scores differ significantly 
between male- and female-headed households; (ii) household head gender 
significantly influences the adoption of agroecological farming practices; 
(iii) AFP adoption intensity is positively associated with multiple 
dimensions of household resilience; (iv) group membership is more 
strongly associated with social and learning-related resilience than with 
economic or ecological resilience; (v) land access and non-farm income are 
positively associated with household resilience, particularly economic 
resilience; and (vi) households adopt context-specific adaptation strategies 
aligned with the type of shocks experienced. 

MATERIALS AND METHODS 

Study Area 

Busia is a border town in western Kenya. It is located approximately 
450 km northwest of Nairobi in the Lake Victoria Basin and lies on the 
Kenya–Uganda border, opposite a town called Busia in Uganda. Both 
towns are separated by a busy international border crossing, which is one 
of the major gateways for trade and travel between the two countries. The 
population is estimated at 142,400 inhabitants [13]. The climate is tropical 
and humid, with a yearly temperature range from 17 °C to 30 °C. Rainfall 
in Busia is well-distributed, with an average annual precipitation of 
between 900 mm and 1500 mm, occurring over two main rainy seasons: 
the long rains from March to June and the short rains from September to 
December. The economy of Busia relies primarily on agriculture, fishing, 
and trade [14]. The main crops grown in Busia include maize, finger millet, 
beans, sorghum, rice, white- and orange-fleshed sweet potatoes, bananas, 
sugarcane, peppers, kale, black nightshade, tomatoes, mangoes, and 
onions. The major livestock include cattle, sheep, local chicken (free-
range), pigs, and zebu (humped cattle). Food production in Busia is mainly 
at a subsistence level, and rarely for commercial purposes [14]. 

Data Collection Tool, Resilience Framework, and Tool Adaptation 

This study employed the FAO’s Self-evaluation and Holistic Assessment 
of Climate Resilience of Farmers and Pastoralists (SHARP) tool to collect 
quantitative data on households’ farming and socio-economic activities in 
Busia County (Figure 1). The SHARP scoring framework was then used to 
assess the resilience of the smallholder households. SHARP’s resilience 
assessment is based on two components: an objective (technical) 
component and a subjective (adequacy) component, which together span 
economic, social, environmental, and governance dimensions [15]. 
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Figure 1. Map showing Busia County in Kenya. The dots on the map indicate the distribution of the sampled 
farming households across the Busia sub-counties. In many instances, the dots overlap due to the proximity 
of some households. 

Only the objective scoring framework was used for resilience 
assessments in this study because it relies on academic and expert 
knowledge rather than subjective perceptions. Conceptually, SHARP is 
grounded in the 13 behavior-based agroecosystem resilience indicators 
[16], which identify attributes that determine whether a system can meet 
its economic, ecological, and social needs or is vulnerable and requires 
intervention. Since it is possible to choose indicators that measure and 
account for the resilience outcome aimed at, this study focused on five out 
of the 13 resilience indicators of SHARP, which nevertheless cut across 
economic, ecological, and social dimensions of resilience: (i) Exposed to 
disturbance; (ii) Reasonably profitable; (iii) Ecologically self-regulated; (iv) 
Reflective and shared learning; and (v) Socially self-organized (Table 1). 

The SHARP scoring framework and questions for these indicators are 
detailed in Table A1. All questions relating to each indicator are scored, 
and their averages are computed. SHARP resilience score ranges from 0 
(low resilience) to 10 (high resilience)—low score (0 to 3.5/10.0): Farming 
households have limited capacity (knowledge, skills, and resources) to deal 
with issues related to the respective low resilience indicator; Medium 
score (3.51 to 6.0/10.0): Farming households have some capacity 
(knowledge, skills, and resources) to adapt and change their activities to 
tackle issues related to the medium resilience indicator; High score (6.01 
to 10.0/10.0): Farming households recognize and address issues related to 
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the high resilience indicator quickly and with sufficient capacity 
(knowledge, skills, and resources) [17]. 

Table 1. Selected five SHARP resilience indicators covering environmental, social, and economic dimensions 
of a farming system. Adapted from [16]. 

Resilience dimension Indicator Attributes of high resilience 
Environmental Ecologically self-

regulated 
The farm maintains plant cover and incorporates more 
perennials than annuals, provides habitat for predators and 
parasitoids, uses ecosystem engineers, and aligns production 
with local ecological parameters. 

Social Reflective and 
shared learning 

Extension and advisory services for farmers; collaboration 
between institutions, research centers, and farmers; cooperation 
and knowledge sharing between farmers; record keeping; 
knowledge about the state of the agroecosystem. 

Socially self-
organized  

Farmers and consumers can organize into grassroots networks 
and institutions such as co-ops, farmers’ markets, community 
sustainability associations, community gardens, and advisory 
networks. 

Economic Reasonably 
profitable  

Farmers and farm workers earn a livable wage; the farm does 
not rely on distortionary subsidies. 

Exposed to 
disturbances 

Pest management that allows for a certain controlled amount of 
invasion, followed by the selection of plants that fared well and 
exhibit signs of resistance. 

To contextualize the tool and capture locally relevant data, several 
adaptations were made following five steps: step 1—questions were 
incorporated to track adoption levels of 16 agroecological farming 
practices (Table A2); step 2—locally important indigenous crop varieties, 
livestock breeds, and water conservation practices were added; step 3—
land measurement units were converted from hectares to acres, in line 
with locally preferred units; step 4—the tool was computerized for data 
collection via the Open Data Kit (ODK) Collect App; step 5—a pilot test was 
conducted with a few households, and after which minor revisions were 
made based on feedback. 

Sampling Method 

Following resource considerations, a multi-stage sampling strategy, 
combining purposive and random sampling techniques, was employed to 
pursue a sample size of 156 in this study. In the first stage, four food-
producing sub-counties—Budalangi, Matayos, Nambale, and Teso-South—
were purposively selected from the seven sub-counties in Busia County. 
This selection was based on their distinct agricultural characteristics and 
high intensity of food production, making them critical geographies for 
understanding local food systems in Busia County. In the second stage, 
farmer groups within the selected sub-counties were identified and 
categorized based on their primary production objectives. Groups 
involved in production for export or industrial markets were excluded, 
with preference given to those producing for local consumption. The focus 
was placed on farmer groups cultivating orange-fleshed sweet potatoes, 



 
Journal of Sustainability Research 7 of 31 

J Sustain Res. 2026;8(2):e260047. https://doi.org/10.20900/jsr20260047  

African leafy vegetables (ALV), and those involved in indigenous poultry 
or fish farming. This decision was made following a participatory multi-
stakeholder workshop on nutritious foods and a health-focused analysis 
in October 2021, which aimed to identify relevant nutrition-sensitive food 
value chains that can address nutritional challenges in Busia. In the third 
stage, the members of the selected groups were disaggregated by gender 
to create separate sampling frames for male and female participants, 
recognizing the importance of gender dynamics in agricultural livelihoods 
and resilience. Finally, the sample size of 156 was divided into eight, i.e., 
two gender groups per sub-county, and random selections were 
performed to achieve 156 farmers, each representing a distinct farming 
household. 

Eligibility and Ethical Considerations 

Informed consent for this study was obtained from all participants. 
Written informed consent was sought from eligible respondents, who 
were adults aged 20 years and above, who had resided in the Budalangi, 
Matayos, Nambale, and Teso-South sub-counties of Busia County for at 
least 6 months and were farmers of smallholder households. The written 
consent presented participants with detailed information about the 
study’s purpose, processes, and their rights, including the voluntary 
nature of their participation and the option to withdraw at any time 
without consequence. The respondents’ rights to confidentiality were 
stated. As smallholder surveys do not touch upon sensitive information, 
according to the City classification, all necessary government approval 
letters for conducting the study in the sub-counties were obtained from 
local authorities. 

Data Management 

Data collection, handling, and analysis 

Data were collected at the household level in March 2022 using an 
adapted SHARP questionnaire administered digitally via ODK Collect. 
Completed surveys were uploaded within 12 h to a centralized ODK server 
for aggregation. The dataset was subsequently cleaned, anonymized, and 
coded for analysis. Binary responses (e.g., yes/no) were recoded as 1 and 0. 
Descriptive statistics, including frequencies and means, were used to 
summarize data on production systems, shocks, adaptation strategies, and 
the adoption of agroecological farming practices (AFPs). Household 
resilience was evaluated using the SHARP technical scoring framework. 
All descriptive and inferential statistical analyses, resilience scoring, and 
data visualization were conducted in RStudio (R version 4.4.1). Inferential 
statistical analyses were performed to examine relationships among shock 
types, adaptation strategies, agroecological practices, and multiple 
dimensions of household resilience. 
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Data preparation and association between shocks and adaptation strategies 

Categorical variables, including household characteristics (e.g., 
household head gender, land access, non-farm income, and savings), were 
recoded as factors. Adaptation strategies were grouped into broader 
categories: capacity building, farm management, livelihood change, 
market adaptation, pest management, and no/other, to ensure analytical 
clarity and adequate cell counts. A composite indicator of agroecological 
practices (hereafter agroecological intensity) was constructed by summing 
the number of AFPs adopted by each household. Household resilience was 
assessed across five indicators: socially self-organized, ecologically self-
regulated, exposure to disturbance, reflective and shared learning, and 
profitability. A Chi-square test of independence was used to assess 
whether adaptation strategies differed by shock type (abiotic, biotic, and 
market). Standardized residuals were examined to identify specific 
combinations of shock types and adaptation strategies contributing to 
deviations from independence. 

Group comparisons across household characteristics 

Differences in resilience indicators across household characteristics 
(household head gender, land access, and non-farm income) were assessed 
using non-parametric methods due to violations of normality assumptions. 
Wilcoxon rank-sum tests were applied for binary grouping variables, 
while Kruskal–Wallis tests were used where appropriate. To account for 
multiple hypothesis testing across resilience indicators, Bonferroni 
corrections were applied to adjust p-values. 

Adoption of agroecological practices, correlation, multivariate analysis, and 
data visualization 

Associations between household characteristics and the adoption of 
individual agroecological practices were evaluated using Chi-square tests 
of independence. Where relevant, standardized residuals were used to 
interpret cell-level contributions. Relationships between agroecological 
intensity and resilience indicators were examined using Pearson’s 
product–moment correlation coefficients (r), with corresponding 
confidence intervals and p-values reported. To further investigate these 
relationships, multiple linear regression models were estimated. 
Agroecological intensity was included as the primary explanatory variable, 
while resilience indicators were specified as outcome variables. Model 
assumptions were assessed using residual diagnostics. Statistical 
significance was evaluated at the 5% level. Where multiple comparisons 
were conducted, adjusted p-values are reported alongside unadjusted 
values to ensure robustness of inference. Data visualization was 
performed using the ggplot2 package. Boxplots were used to compare 
distributions across groups, while bar charts and heatmaps illustrated 
associations and correlation patterns. Faceted plots were employed to 
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present multiple indicators simultaneously and facilitate comparative 
interpretation. 

RESULTS 

Household Characteristics, Farming Systems, and Production 
Activities 

The socio-demographic characteristics and livelihood activities of the 
surveyed households are presented in Table 2. Respondents were 
predominantly female (68%), while 20% of households were female-
headed. Most households practiced mixed farming systems (97%), with 
few engaged exclusively in crop (1%) or livestock (2%) production. Most 
households (96%) reported membership in at least one social group. The 
mean household size was 6.7. Among household members aged 10 years 
and above, 96% were literate. More than half of households (56%) reported 
having no savings after major expenditures, and 40% had no non-farm 
income. Access to land varied by gender, with male household members 
reporting higher access across all land categories (Table 2). Most 
households cultivated privately owned land, with farm sizes 
predominantly below 2.5 acres. Agricultural production activities are 
shown in Figure 2. Maize was the most cultivated crop, followed by beans 
and African leafy vegetables. Livestock ownership was widespread, 
particularly poultry and cattle. 

 

Figure 2. Top 6 produced crops, irrigated crops, and major livestock held by the farming households in 
Busia. Values inside bars = number (frequency) of households producing crops, irrigating crops, or 
producing livestock. Households that produced crops = 143. Households that produced livestock = 140. 



 
Journal of Sustainability Research 10 of 31 

J Sustain Res. 2026;8(2):e260047. https://doi.org/10.20900/jsr20260047  

Table 2. Respondents’ characteristics and socio-economic activities of the farming households. 

Respondents’ gender Freq. % Farming system Freq. % 
Female 106 68 Crop only 2 1 
Male 50 32 Livestock only 4 2 
Total 156 100 Mixed  150 97 
Respondent age Freq. % HH age composition Freq. % 
20–24 2 1 Children (0–9) 243 24.0 
25–29 9 6 Adolescents (10–19) 293 28.9 
30–34 16 10 Youth (20–35) 268 26.5 
35–39 30 19 Adults (36+) 208 20.6 
40–44 23 15 Total 1012 100 
45–49 17 11 Land access Female (%) Male (%) 
50–54 22 14 Private 29 (18.6) 101 (64.7) 
55–60 17 11 Rented 9 (5.8) 40 (25.6) 
61+ 20 13 Borrowed 0 (0.0) 8 (5.1) 
Total 156 100 Communal 2 (1.3) 10 (6.4) 
HH head Freq. % Share-cropping 3 (1.9) 118 (75.6) 
Female 32 20 HH savings Freq. % 
Male 124 78 With savings 68 44 
Both 3 2 Without savings 88 56 
HH belongs to ≥1 SG Freq. % Non-farm income Freq. % 
Yes 150 96 Year-round 55 35 
No 6 4 Seasonal 29 19 
Total 156 100 Occasional 10 6 
- - - No non-farm income 62 40 

HH = Farming household, SG = social group, values outside parentheses = frequencies, values inside parentheses = 
percentages. HH savings = money saved after major household expenditures. 

Household Resilience Indicator Scores and Differences by Household 
Head Gender 

Generally, the households exhibited medium levels of resilience across 
most indicators, including reasonably profitable (4.08), exposed to 
disturbance (4.18), reflective and shared learning (4.95), and ecologically 
self-regulated (5.33), while socially self-organized showed a high resilience 
score (7.65) (Figure 3a). Wilcoxon rank-sum tests revealed no statistically 
significant differences in resilience indicator scores between male- and 
female-headed households for socially self-organized (W = 2210.5, p = 
0.294), exposed to disturbance (W = 2021, p = 0.873), reflective and shared 
learning (W = 1860.5, p = 0.587), or profitability (W = 1874.5, p = 0.632) 
(Figure 3b). Although ecologically self-regulated showed a marginal 
difference (W = 1568, p = 0.068), this was not statistically significant after 
adjustment for multiple comparisons, and no significant differences were 
observed across any resilience indicators. 
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(a) 

 
(b) 

Figure 3. (a) Household resilience scores across five SHARP resilience indicators. Scores are categorized into 
low, medium, and high resilience following Hernández Lagana et al. (2022) [17]. Low resilience (≤3.5) 
indicates limited capacity (knowledge, skills, and resources) to respond to challenges; medium resilience 
(3.51–6.0) indicates moderate capacity to adapt; and high resilience (6.01–10.0) reflects strong capacity to 
anticipate and effectively respond to challenges. (b) Distribution of resilience indicator scores by household 
head gender. Black dots represent outlier observations. 
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Associations between Household Head Gender, AFP Adoption 
Intensity, Group Membership, and Household Resilience 

Chi-square tests were used to examine the association between 
household head gender and the adoption of AFPs. Weak associations were 
observed for intercropping (χ² = 3.89, p = 0.049) and mulching (χ² = 5.25, p 
= 0.022) (Figure 4). However, these associations were not statistically 
significant after adjustment for multiple comparisons. Pearson correlation 
analysis showed significant positive associations between AFP adoption 
intensity (sum_AE) and several resilience indicators (Figure 5). Significant 
correlations were observed with ecological self-regulation (r = 0.221, p = 
0.006), reflective and shared learning (r = 0.266, p < 0.001), and profitability 
(r = 0.456, p < 0.001), all of which remained significant after Bonferroni 
adjustment. No significant association was found with social self-
organization (r = 0.085, p = 0.291), and the association with exposure to 
disturbance was not significant after correction. Multiple linear regression 
analysis yielded consistent results, with AFP adoption intensity 
significantly associated with profitability and reflective and shared 
learning. Pearson correlation analysis further showed that household 
group membership was positively associated with social self-organization 
(r = 0.302, p < 0.001) and reflective and shared learning (r = 0.382, p < 0.001) 
(Figure 6). These associations remained significant after Bonferroni 
correction. No significant associations were observed between group 
membership and ecological self-regulation or profitability, and the 
relationship with exposure to disturbance was not statistically significant. 

 

Figure 4. Adoption of agroecological farming practices by household head gender. 
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Figure 5. Correlation matrix between agroecological practice adoption intensity and resilience indicators. 
Sum_AE: Total number of agroecological practices adopted per household. 

 

Figure 6. Correlation matrix between households’ group membership and resilience indicators.  

Effects of Land Access and Non-Farm Income on Household Resilience 

Kruskal–Wallis tests were conducted to examine differences in 
household resilience indicators by land access, and with and without non-
farm income. No significant differences were observed for social self-
organization (p = 0.975), ecological self-regulation (p = 0.750), exposure to 
disturbance (p = 0.382), or reflective and shared learning (p = 0.658) 
(Figure 7). A significant difference in profitability was observed (χ2 = 5.51, 
df = 1, p = 0.019), with higher median values among households with land 
access (median = 4.30) than among those without (median = 3.89). 
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However, this difference was not statistically significant after adjustment 
for multiple comparisons. 

Wilcoxon rank-sum tests were used to compare households with and 
without non-farm income. No significant differences were observed for 
social self-organization (p = 0.496), ecological self-regulation (p = 0.866), 
exposure to disturbance (p = 0.613), or reflective and shared learning (p = 
0.290) (Figure 7). In contrast, profitability differed significantly between 
groups (p < 0.001), with higher median values among households with 
non-farm income (median = 4.54) compared to those without (median = 
3.17). 

 

Figure 7. Household economic resilience by land access and non-farm income. Black dots represent outlier 
observations. 

Household Shocks and Adaptation Strategies 

Most crop-producing households experienced multiple types of shocks. 
Abiotic shocks were reported by 85% of households (122/143), while 71% 
(101/143) experienced biotic shocks. All surveyed households (156/156) 
reported exposure to market price shocks (Figure 8a). Among abiotic 
shocks, drought was the most frequently reported (42/122), followed by 
flood (21/122) and hailstorm (13/122). For biotic shocks, the Fall 
armyworm was the most reported (68/101), while maize stalk borer and 
cutworms were each reported by 12 households. Among market shocks, 
60% of households reported fluctuating prices, and 21% (32/156) reported 
low commodity prices. 

A Chi-square test of independence indicated a statistically significant 
association between shock type and adaptation strategy (p < 0.001) (Figure 
8b). Standardized residuals showed that abiotic shocks were positively 
associated with capacity building (z = 8.26), farm management (z = 7.84), 
and livelihood change strategies (z = 8.55), and negatively associated with 
market-based and pest management strategies. Biotic shocks were 
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strongly associated with pest management strategies (z = 14.11) and, to a 
lesser extent, with no/other strategies (z = 5.83). Market shocks were 
associated with market adaptation strategies (z = 18.84) and negatively 
associated with other adaptation types. 

 

 
(a) 

 
(b) 

Figure 8. (a) Frequency of major abiotic, biotic, and market shocks experienced by farming households. 
Values inside bars (n) indicate frequencies. The number of households affected was 143 for abiotic shocks, 
101 for biotic shocks, and 156 for market shocks. (b) Association between shock type and adaptation strategy. 
Standardized residuals from the Chi-square test are used to indicate the strength and direction of 
associations between shock types and adaptation strategies. 
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DISCUSSION 

Household Resilience Profiles Across Indicators 

The results from this study show that farming households exhibited 
predominantly medium levels of resilience across ecological, economic, 
and learning dimensions; however, they emerged strongest in social self-
organization. This finding suggests that while the households possess 
relatively strong social networks and collective organization, other 
dimensions, particularly economic (profitability) and ecological self-
regulation, remained only moderately developed. Such imbalances across 
resilience domains are consistent with findings from smallholder systems 
where social capital often develops more rapidly than economic and 
ecological capacities, especially under resource constraints [18,19]. The 
absence of significant differences in resilience indicators between male- 
and female-headed households further suggests that resilience capacities 
are not strongly differentiated by household head gender in this study’s 
context. Although a marginal difference was observed across household 
head gender lines for ecological self-regulation, this effect did not persist 
after correcting for multiple comparisons, reinforcing the conclusion that 
gender alone may not be a primary determinant of resilience outcomes 
for the households surveyed for this study. This finding contrasts with 
studies that reported significant gender-based disparities in resource 
access and adaptive capacity [20] and may reflect context-specific 
dynamics, e.g., shared labour systems, community-level knowledge 
exchange, or similar exposure to environmental and economic constraints 
across household types [21]. 

Gender, Agroecological Farming Practice Adoption, and Resilience 

The lack of significant associations between household head gender 
and adoption of agroecological farming practices (AFPs), after adjustment 
for multiple testing, suggests that adoption decisions are not 
systematically gender-driven in this study population. While weak 
associations were initially observed for intercropping and mulching, these 
did not remain robust, indicating that access to and uptake of AFPs may 
be shaped more by factors other than the gender of household heads, such 
as knowledge, equity, labour availability, or institutional support [22,23]. 
On the contrary, agroecological adoption intensity showed consistent and 
positive associations with multiple resilience indicators, particularly 
ecological self-regulation, reflective and shared learning, and profitability. 
The strongest relationship was observed with profitability, suggesting that 
increased diversification and integration of agroecological practices may 
enhance economic performance [24–26]. The positive association with 
learning further indicates that agroecological systems may foster 
knowledge exchange and adaptive learning processes, which have widely 
been reported as critical components of resilience [27,28]. The regression 
analysis supports these relationships, affirming that AFP adoption 
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intensity is a significant predictor of key resilience dimensions, especially 
economic and learning-related outcomes [26,29]. However, the lack of 
association with social self-organization suggests that social resilience 
may operate through different mechanisms, potentially independent of 
farm-level AFP adoptions. 

Role of Group Membership in Shaping Resilience 

In contrast to AFP adoption intensity, household membership in social 
groups was positively associated with social self-organization and 
reflective and shared learning, highlighting the importance of collective 
action and knowledge-sharing platforms in strengthening resilience. 
These findings align with broader evidence that farmer groups and 
community organizations play a critical role in facilitating information 
exchange, coordination, and mutual support, all of which are essential for 
adaptive capacity [30,31]. The absence of significant associations between 
group membership and ecological self-regulation or profitability suggests 
that the benefits of social networks may be more strongly expressed in 
social and cognitive domains of resilience, rather than directly translating 
into ecological or economic outcomes. This may indicate that group 
membership enhances an enabling environment for resilience, rather 
than directly influencing production or income-related resilience 
outcomes [30]. 

Land Access, Non-Farm Income, and Economic Resilience 

The findings of this study showed limited evidence of differences in 
resilience indicators by land access, except for profitability, which was 
initially higher among households with land access but not significant 
after correction. This finding, although consistent with the role of land as 
a key productive asset in smallholder systems [32], suggests that land 
access alone may not be sufficient to drive broader resilience outcomes, 
particularly when land holdings are small or of variable quality [33]. 
Furthermore, land access alone is not a dominant driver of resilience 
outcomes. Instead, it interacts with other factors such as management 
practices, knowledge, and market access to drive resilience [34]. The 
strong association between non-farm income and profitability suggests 
that income diversification plays an important role in enhancing 
economic resilience [35]. However, the absence of relationships with 
socio-ecological resilience indicators indicates that non-farm income 
alone does not contribute to broader system resilience, such as ecological 
regulation or learning capacities. This highlights a distinction between 
strategies that improve financial outcomes and those that strengthen long-
term adaptive capacity and supports the view that income diversification 
plays a critical role in buffering households against agricultural risks and 
income variability [35]. The lack of association with other resilience 
indicators implies that non-farm income primarily strengthens economic 
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resilience, without necessarily influencing ecological practices or social 
organization. 

Shock Exposure and Adaptation Strategies 

The high prevalence of abiotic, biotic, and especially market shocks 
faced by smallholder farming households highlights the increasing multi-
dimensional risk environment in which they operate [36,37]. The observed 
universal exposure to market shocks highlights the importance of price 
volatility as a key constraint in smallholder systems, alongside 
environmental stressors such as drought and pests. The observed strong 
association between shock type and adaptation strategy indicates that 
households adopted targeted and differentiated responses based on the 
nature of the shocks they experienced. Abiotic shocks were linked to 
capacity-building, farm management, and livelihood adjustments, 
underscoring the need for longer-term, structural responses to climatic 
variability. On the contrary, biotic shocks were observed to be closely 
associated with pest management strategies, indicating more immediate 
and specific responses by affected households. Market shocks, on the other 
hand, were primarily addressed by the households through market-
oriented adaptations, suggesting a focus on price negotiation, market 
access, or diversification of income sources, i.e., non-farm income. These 
patterns highlight the context-specific and adaptive nature of household 
decision-making, where responses to shocks are appropriately aligned 
with the characteristics and perceived impacts of different shock types. 
Such differentiation is a key feature of potentially resilient systems, 
reflecting the ability to deploy appropriate strategies across multiple risk 
domains. 

Implications for Resilience-Building Interventions 

The findings of this study show that strengthening the adoption of 
agroecological practices and supporting social learning processes may be 
effective pathways for enhancing household resilience. Whereas the 
strong role of AFP intensity in shaping economic and learning resilience 
outcomes emphasizes the importance of integrated sustainable farming 
systems, the influence of group membership underscores the vital role of 
collective institutions and knowledge exchange networks. Nevertheless, 
the limited role of gender and land access in explaining the variations in 
resilience outcomes in this study suggests that interventions should move 
beyond single-factor approaches and instead address the broader system 
of constraints and opportunities influencing household decision-making. 
Non-farm income enhanced economic resilience, but does not contribute 
to broader resilience capacities, specifically ecological functioning, 
learning, or social organization. Nonetheless, the importance of non-farm 
income and shock-specific adaptation strategies points to the need for 
more diversified livelihood options and context-sensitive support 
mechanisms to enhance resilience in smallholder farming systems.  
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Study limitations and Future Research 

This study is subject to several limitations that should be considered 
when interpreting its findings. First, the analysis is based on a small 
sample of 156 farming households, with an unbalanced gender 
distribution of household heads. Second, the findings are context-specific, 
reflecting the demographic and agricultural contexts of smallholder 
households in selected Busia sub-counties, which may not be 
representative of the wider Busia or even the Kenyan agricultural 
landscape. Nevertheless, data from localized contexts such as this are 
often scarce and remain essential for informing locally targeted 
interventions and policy development. Third, the study assessed only five 
out of the 13 resilience indicators defined in the SHARP framework. While 
they covered SHARP environmental, social, and economic resilience 
domains, a focused approach that allowed for in-depth analysis within the 
selected domains, a more comprehensive study involving all 13 resilience 
indicators of SHARP would be necessary for a holistic assessment of farm-
level resilience, because of the contextual and behavioral dynamics that 
influence resilience scores. Fourth, the SHARP tool has undergone updates 
since this study was conducted in March 2022, which may affect the 
comparability of the results with future studies using the updated tool. 
Fifth, all household-level response frequencies to SHARP questions used 
for scoring the resilience indicators could not be presented in the Results 
section due to space limitations. However, all questions and scoring 
frameworks are provided in Table A2 for reference. 

CONCLUSION 

This study demonstrates the applicability of the SHARP tool for 
assessing household-level resilience and for evaluating the adoption of 
agroecological farming practices. The findings show that while the 
farming households exhibited moderate resilience across ecological, 
economic, and learning dimensions, social self-organization was 
comparatively strong. However, this did not automatically translate into 
improved ecological or economic resilience outcomes, indicating that 
social capital alone is insufficient to ensure overall resilience. Whereas the 
results further revealed that household head gender and land access were 
not significant determinants of resilience, AFP adoption intensity and 
group membership were positively associated with profitability and 
learning resilience outcomes. Furthermore, non-farm income contributed 
significantly to economic resilience, and the households demonstrated 
context-specific adaptation strategies aligned with different types of 
shocks. These findings highlight the importance of integrated, multi-
dimensional approaches to resilience-building that combine ecological 
practices, economic diversification, and social learning. 

  



 
Journal of Sustainability Research 20 of 31 

J Sustain Res. 2026;8(2):e260047. https://doi.org/10.20900/jsr20260047  

Translating the insights from this study into action, policy, and 
development interventions is designed across multiple levels. At the 
national level, policies should prioritize integration of agroecology into 
agricultural and climate resilience strategies. This includes 
mainstreaming agroecological approaches within national agricultural 
policies and climate adaptation plans and actions, strengthening market 
systems and value chains to improve farm profitability and reduce 
exposure to price volatility, expanding rural financial services and 
inclusive credit schemes to support investment in agroecological practices, 
and promoting income diversification policies, e.g., support for non-farm 
rural employment opportunities. Such measures would address structural 
constraints that limit the scaling of resilience-enhancing practices. 

At the institutional level, including extension services, NGOs, and local 
governments, efforts should focus on capacity building and knowledge 
systems by enhancing extension services to promote agroecological 
knowledge, ecological literacy, and adaptive farm management, 
supporting farmer groups and cooperatives as platforms for social 
learning, innovation, and collective action, facilitating access to inputs, 
training, and localized advisory services tailored to different 
agroecological contexts, strengthening shock-responsive support systems, 
including early warning services and targeted advisory for climate, pest, 
and market risks. These interventions can help translate national policies 
into locally relevant and actionable support mechanisms. 

At the household level, resilience can be enhanced through increased 
adoption and integration of agroecological practices to improve ecological 
functioning and productivity, active participation in farmer groups and 
community networks to strengthen knowledge exchange and adaptive 
capacity, diversification of income sources, e.g., engagement in non-farm 
activities where feasible, and adoption of context-specific adaptation 
strategies aligned with the types of shocks experienced. These actions can 
improve households’ capacity to manage risks while enhancing both 
economic and ecological outcomes. Finally, this study highlights the value 
of longitudinal monitoring using SHARP resilience indicators. Tracking 
changes in resilience scores over time can provide critical insights into the 
effectiveness of interventions and whether households are progressing 
toward more resilient farming systems. 
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APPENDIX A. SHARP QUESTION AND SCORING FRAMEWORK FOR 
THE FIVE RESILIENT INDICATORS ASSESSED IN THIS STUDY 
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Table A1. SHARP questions and scoring framework for five resilience indicators (socially self-organized, ecologically self-regulated, exposed to 
disturbance, reflective and shared-learning, and reasonably profitable) assessed in the study. 

Resilience 
indicator 

SHARP module SHARP question Measurement Answers/units Score 

Socially Self-
Organized 

24. Group 
Membership 

Are you, or any other 
member of your 
household, a member 
of any group, 
organization, or 
association? 

Whether a person 
participates in either of 
the following groups: 
 

Agro-pastoralist/Farmer Field School; 
Agricultural producer’s group (including marketing 
groups); 
Livestock producers’ group (including marketing 
groups); 
Fisheries producers’ group (including marketing 
groups); 
Water users’ group; 
Watershed management group; 
Forest users’ group; 
Tree Nursery Group; 
Credit, microfinance, or merry-go-round group; 
Funeral/Burial/Insurance Group; 
Marketing and Income-generating (non-Agriculture); 
Civic groups (improving the community) or charitable 
groups (helping others); 
Local government; 
Religious group; 
Other women’s group (only if not already listed); 
Other men’s group (only if not already listed); 
Other youth group (only if not already listed); 
Other (specify) 

One of the selected lists: (Agro-
pastoralist/Farmer) Field 
School/Agricultural producer’s 
group (including marketing 
groups)/Livestock producer’s 
group (including marketing 
groups)/Fisheries producer’s group 
(including marketing 
groups)/Water users’ 
group/Watershed management 
group/Forest users’ group/Tree 
Nursery Group. 
0 = 0,  
1 of the selected list = 7,  
2+ of the selected list = 10 

23. Community 
Cooperation 

In the last 3 years, has 
there been any 
problem that affected 
your community and 
required collective 
action? 

 Yes; No Yes = 10; No = 0 

23. Community 
Cooperation 

In your community, 
do you have 
customary 
mechanisms in place 
to deal with problems 
within and/or across 
communities? 

Customary rules and 
mechanisms are in place 
for problem dealing 

Yes; No Yes = 10; No = 0 

23. Community 
Cooperation 

Did you join other 
community members 
to address the 
problem? 

People address and solve 
problems jointly 

Yes; No 
 

Yes = 10; No = 0 
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5. Land access In the last 12 months, 
what type of land 
have you used for 
your agricultural 
activities? 

Area of communal land 
accessible 

Private land; 
Rented land; 
Borrowed land; 
Communal land (including government-owned); 
Sharecropping (e.g., owned by a cooperative); 
Open space (e.g., grassland); 
Other type of land (specify) 

Communal land (including 
Government-owned) = 10 
Other options = 0 

20. Access to 
markets  

In the last 12 months, 
have you been able to 
sell the products from 
your farm system that 
you wanted to sell? 

People can sell the 
products they produce 
when desired 

Yes, most of them; 
Yes, but only a few; 
No 

Yes, most of them = 10 
Yes, but only a few = 5 
No = 0 

Ecologically 
Self-Regulated 

6. Crop production 
and value chains 

In the last 12 months, 
which main perennial 
crops have you had on 
your fields (in terms 
of income or food 
provision)? 

Whether perennial crops 
are grown 

Option ‘Not applicable’ selected from the dropdown 
list 

None = 0 
One or more perennial crops 10 

6. Crop production 
and value chains 

What are the main 
sources of your crop 
seeds or plants? (both 
seasonal and 
perennial) 

Different sources of seeds 
and plants 

Own production; 
Shop/Market; 
Family/Friend/Neighbor; 
Government; 
NGO; 
Cooperative; 
Plant nursery; 
Other (specify) 

1 type of source only 0 
2 = 5 
3+ = 10 

7. Pest management 
practices 

In the last season, 
which crops did you 
use chemical 
pesticides on? 

Whether the farmer uses 
synthetic pesticides on his 
seasonal/perennial crops 
earlier than the selected 

Yes; No Yes = 0; No = 10 

7. Pest management 
practices 

What did you do with 
the containers after 
using the products?  

Pesticide disposal Gave to collectors (such as recycling facilities); 
I threw it away in the trash; 
Re-used; 
Threw away on the ground; 
Threw near a water stream; 
Other (specify) 

Gave to collectors (such as 
recycling facilities) = 10 
Tossed away in the trash 
Re-used/Threw near a water 
stream/Threw away on 
ground/other = 0 

16. Trees Do you have any trees 
on your land? 

Presence of trees Yes; No  Yes = 10; No = 0 

16. Trees In the last 3 years, has 
the number of trees 
on your land: 

Change in quantity Decrease; 
Remain the same; 
Increase; 
I don't know 

Increased = 10 
Remained the same = 5 
Decreased = 0 

16. Trees How would you 
describe trees and 
their distribution on 
your land?  

Distribution of trees Few and scattered; 
A forested area (presence of trees without any other 
predominant land uses); 
Many are scattered evenly throughout the land; 

Few and scattered = 0; 
Many scattered evenly throughout 
the land = 8 
Bordering the land = 6; 
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Commercial plantations; 
Bordering the land (e.g., windbreaks, shelterbelts, and 
corridors of trees; 
Other (specify) 

Commercial plantation = 6; 
A forested area = 10; 
Other (specify) = 5 

16. Trees Approximately, how 
many different 
types/species of trees 
grow on your land? 

Total number of tree 
species 

1; 
2–5; 
6–10; 
11–15; 
16–20; 
21+ 

Number of species listed 
1 = 0 
2–5 = 4 
6–10 = 6 
11–15 = 8 
16+ = 10 

16. Trees In the last 3 years, has 
the diversity (number 
of different types) of 
trees on your land: 

Change in diversity Decrease; 
Remain the same; 
Increase; 
I don't know 

Increased = 10 
Remained the same = 5 
Decreased = 0 

Exposed to 
Disturbances 

7. Pest management 
practices 

What pest 
management practices 
have you used? 

Diversity of responses to 
manage plant/animal 
diseases 

Natural pesticides (e.g., neem extract, chili, garlic); 
Pest-resistant varieties or seeds; 
Biological control methods (e.g., parasitoids, 
ladybugs); 
Synthetic pesticides; 
Plants thinning; 
Nursery treatment; 
Crop rotation to reduce weeds/pest growth; 
Manually catching the pests found on crops; 
Using traps or plant traps; 
Increasing the biodiversity around the fields to allow 
other insects to control pests. 
Others (specify) 

Number of practices used: 
None = 0 
1 option = 3 
2 options = 6 
3 options = 8 
4+ options = 10 

18. Disturbances By level of 
importance, please 
rank the type of 
disturbance(s) that 
affected your 
household (including 
your household and 
production system) 
the most during this 
period (max. 3, if less 
than, click "next" to 
skip). 

A variety of disturbances 
experienced 

Drought; 
Flood; 
Fire; 
Heat wave; 
Windstorm; 
Frost; 
Hail 
Disease (crops and/or animals); 
Human disease; 
Locust/pest outbreak; 
Conflict; 
Other (specify) 

Number of disturbances chosen: 
1 = 0 
2 = 10 
3 = 5 

18. Disturbances How many times has 
it happened in the last 
3 years? 

Recurrence of the shocks Number of times the disturbance was experienced for 
each type of disturbance selected: 
1; 
2; 
3+; 
Not applicable 

Final score = average across scores 
for selected disturbances 
1 = 0 
2 = 10 
3+ = 5 
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18. Disturbances What was the main 
impact/effect of this 
disturbance on your 
household/farm 
system? 

People are not severely 
affected by the 
disturbances experienced 

No major impact/ change; 
Reduced agricultural productivity; 
Water scarcity/shortage of fresh water; 
Animal loss; 
Decrease in livestock fodder; 
Infrastructure damages; 
Asset loss; 
Health risks (including death); 
Decrease in income; 
Increase poverty levels; 
Food insecurity; 
Displacement; 
I don’t know 

No major impact/change = 10 
Other = 0 

12. Utilization of 
new and adapted 
varieties and breeds 

Are they (crops) 
adapted to current 
local conditions? 

Average for both local and 
new varieties 

Not at all; 
Little; 
Average; 
A lot; 
Completely; 
I don't know 

Not at all = 0; 
Little = 2.5; 
Average = 5; 
A lot = 7.5; 
Completely = 10 

12. Utilization of 
new and adapted 
varieties and breeds 

Are they (animal 
breeds) adapted to 
current local 
conditions? 

Average for both local and 
new breeds 
Yes/No/I don't know 

Not at all; 
Little; 
Average; 
A lot; 
Completely; 
I don't know 

Not at all = 0; 
Little = 2.5; 
Average = 5; 
A lot = 7.5; 
Completely = 10 

Reflective and 
Shared Learning 

18. Disturbances Have you and other 
household members 
changed behavior in 
response to these 
changing patterns 
you’ve experienced? 
(e.g., change in 
agricultural practices) 

Whether people have 
learned from past 
experiences and have 
changed their behavior 
accordingly 

Yes; No  Yes = 10; No = 0 

18. Disturbances What strategy helped 
your household the 
most to cope with 
them (disturbances)? 

Coping strategies when 
disturbances appear 

Shift to crop production; 
Shift to animal production; 
Migration; 
Off-farm employment; 
Sold assets; 
Financial support; 
Food stocking; 
Shift of the cropping season. 
Did not do anything; 
Other (specify) 

1 = 0 
2 = 5 
3+ = 10 

24. Group 
membership 

Are you, or any other 
member of your 
household, a member 
of any group, 

Whether a person 
participates in either of 
the following groups: 

Agro-pastoralist/Farmer Field School; 
Agricultural producer’s group (including marketing 
groups); 
Livestock producers’ group (including marketing 

One of the selected lists: (Agro-
pastoralist/Farmer) Field 
School/Agricultural producer’s 
group (including marketing 
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organization, or 
association? 

groups); 
Fisheries producers’ group (including marketing 
groups); 
Water users’ group; 
Watershed management group; 
Forest users’ group; 
Tree Nursery Group; 
Credit, microfinance, or merry-go-round group; 
Funeral/Burial/Insurance Group; 
Marketing and Income-generating (non-Agriculture); 
Civic groups (improving the community) or charitable 
groups (helping others); 
Local government; 
Religious group; 
Other women’s group (only if not already listed); 
Other men’s group (only if not already listed); 
Other youth group (only if not already listed); 
Other (specify) 

groups)/Livestock producer’s 
group (including marketing 
groups)/Fisheries producer’s group 
(including marketing 
groups)/Water users’ 
group/Watershed management 
group/Forest users’ group/Tree 
Nursery Group. 
0 = 0, 
1 of the selected list= 7, 
2+ of the selected list = 10 

24. Group 
membership 

In how many groups, 
organizations, and 
associations is the 
household altogether 
involved in? 

People belong to groups Number of different groups 0 = 0 
1 = 5 
2 = 7 
3+ = 10 

4. Non-farm Income 
Generating 
Activities 

Are any non-farm 
income-generating 
activities practiced in 
the household? 

Whether any family 
member has non-farm 
income-generating 
activities 

Yes, all year. 
Yes, seasonally; 
Yes, occasionally; 
No 

Yes, all year = 10 
Yes, seasonally = 7 
Yes, occasionally = 5 
No = 0 

Reasonably 
Profitable 

21. Income sources, 
expenditures, and 
savings 

After these 
expenditures, were 
you able to save some 
money? 

Whether the household 
has financial savings 

Yes; No Yes = 10; No = 0 

21. Income sources, 
expenditures, and 
savings 

In the last 12 months, 
what was your 
household’s largest 
expenditure? Please 
rank from largest to 
smallest (fill all 3 
options) 

Rank given to ‘education’ 
expenditure item 

Breeding animals; 
Livestock; 
Seeds; 
Farm equipment; 
Irrigation infrastructure; 
Food and beverages; 
Health care; 
Education; 
Fees/commissions to sell in the market; 
Trading partners' commission; 
Transport; 
Fertilizers; 
Pesticides; 
Funeral; 
Festivities (e.g., religious, marriage); 
Clothing; 

Rank given to ‘education’ option: 
If rank = 1, = 10 
2 = 8 
3 = 5 
not selected = 0 
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Other (specify); 
Not applicable 

21. Income sources, 
expenditures, and 
savings 

In the last 12 months, 
how many different 
income sources have 
you had? 

Diversity of income 
sources 

1; 
2; 
3+; 
Not applicable 

1 = 0 
2 = 5 
3+ = 10 

22. Major 
productive assets 

Rank by importance 
the major productive 
assets that your 
household owns: 

Wealth of HH Land; 
Livestock; 
Seeds; 
Infrastructure (e.g., house, barn, granary); 
Farm equipment; 
Household goods; 
Financial (savings); 
Fishpond; 
Means of transportation; 
We do not own any. 
Other (specify) 

Number of productive assets 
owned. 
We do not own any = 0 
1 option except for ‘I do not own 
any’ = 4 
2 options except for ‘I do not own 
any’ = 7 
3 options except for ‘I do not own 
any’ = 10 

20. Access to 
markets  

How do you set prices 
for the products you 
usually sell? 
Price chosen based on 
available information 
I take the market's 
prices 
Through the 
cooperative /farmers' 
organization 
The dealer establishes 
them 
I do not know how to 
set the prices 
Other (specify) 

Whether farmers have 
access to information on 
market prices 

Price chosen based on available information. 
I take the market's price; 
Through the cooperative /farmers' organization; 
The dealer establishes them. 
I do not know how to set the prices. 
Other (specify) 
 

Through the cooperative /farmers' 
organization = 10;  
Price chosen based on available 
information 8 
I take the market’s prices = 5;  
The dealer establishes them = 0 
Other (specify) = N/A 
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Table A2. Sixteen agroecological farming practices assessed for adoption in the study. Source: CROPS4HD 
project. 

Agroecological farming practice Definition 
Agroforestry. Cultivation and use of trees and shrubs with crops and livestock in 

agricultural systems, seeking positive interactions between their 
components. 

Crop diversification. The cultivation of diverse crop species on farms serves as a risk 
management strategy, while also enhancing soil fertility and ensuring a 
balanced diet. 

Crop rotation. A system of growing a sequence of different crops on the same ground to 
maintain or increase its fertility. 

Efficient and water-saving 
irrigation/water management. 

The use of low-tech water-saving irrigation facilities (e.g., drip irrigation) or 
water harvesting facilities to use rainwater during dry periods. (Refers to 
water use, whilst the practice below refers to the conservation of water in 
the soil). 

Partial application of organic 
fertilizer. 

The application of compost, manure, dung, etc., on parts of the farming land. 

Exclusive application of organic 
pesticides. 

The application of organic plant protection measures, either composed of 
locally available resources (e.g., a broth of neem, chili, water, etc.) or the 
application of a systems solution (e.g., push-pull) to expel different pests. No 
additional application of synthetic pesticide. 

Partial application of organic 
pesticides. 

The application of the above to parts of the farming land and animals. 

Production and use of locally 
adapted seeds. 

The production and use of indigenous, local seed varieties. 

Barriers and terraces. Grass strips on the plot along contour lines, which reduce erosion, or small 
stone walls in the field along contour lines, to reduce erosion. Small rock 
barriers along contour lines to reduce erosion. Terraces on the plot to 
reduce the slope, individual terraces mainly for fruit trees/field trees. 

Windbreaks and living fences. A row of trees on the field boundary is used to reduce wind speed and wind 
erosion. 

Exclusive application of organic 
fertilizer. 

The application of compost, manure, dung, etc., on the entire farming land. 
No additional application of synthetic fertilizers. 

Intercropping. The growing of two or more crop species simultaneously in the same field 
between the rows of another crop during a growing season. 

Mulching. A protective covering of organic matter, like bark chips, straw, and dry 
leaves placed on the ground around plants to suppress weed growth, retain 
soil moisture, or prevent freezing of roots. 

Integration of livestock/fishery 
with crop production 

Conscious integration of livestock, including fishery, into the crop 
production system, e.g., to fertilize the soil (manure) to diversify the HH diet 
with animal products, etc. 

Controlled grazing Enclosures, physical or social fencing, rotations, grazing reserves (folder 
banks), regulating grazing and mobility, including seasonal grazing. 

Rehabilitation of degraded grazing 
land 

Involves the management of fire/prescribed burning, firebreaks, enrichment 
planting, grass reseeding, control of bush encroachment and alien invasive 
species, natural regeneration, and soil fertility amendments (manure). 

  



 
Journal of Sustainability Research 29 of 31 

J Sustain Res. 2026;8(2):e260047. https://doi.org/10.20900/jsr20260047  

REFERENCES 

1 Food and Agriculture Organization of the United Nations (FAO). State of food 
and agriculture 2018. Migration, agriculture, and rural development. 
Available from: https://openknowledge.fao.org/items/23803870-e66d-4a06-
a4a6-d1fc47db8d07. Accessed on 2025 Jul 3. 

2. Fanzo J, Davis C, McLaren R, Choufani J. The effect of climate change across 
food systems: Implications for nutritional outcomes. Glob Food Secur. 
2018;18:12-9. doi: 10.1016/j.gfs.2018.06.001 

3. FAO, UNCF, IFAD, UNWFP, WHO. The State of Food Security and Nutrition in 
the World 2022. Rome (Italy): FAO; 2022.  

4. Pörtner HO, Roberts DC, Tignor DC, Poloczanska ES, Mintenbeck K, Alegrla A, 
et al., editors. Climate Change 2022: Impacts, adaptation and vulnerability. 
Cambridge (UK): Cambridge University Press; New York (NY, US): Cambridge 
University Press; 2022. doi: 0.1017/9781009325844 

5. Kagoda F, Robert G, Brian EI. Status of maize lethal necrosis in eastern Uganda. 
Afr J Agric Res. 2016;11(8):652-60. doi: 10.5897/ajar2015.10616 

6. De Groote H, Kimenju SC, Munyua B, Palmas S, Kassie M, Bruce A. Spread and 
impact of fall armyworm (Spodoptera frugiperda J.E. Smith) in maize 
production areas of Kenya. Agric Ecosyst Environ. 2020;292:106804. doi: 
10.1016/j.agee.2019.106804 

7. Alulu J, Makyoa M, Huyskens-Keil S, Lenz B, Muendo KM, Mganilwa Z, et al. 
Distribution, transportation, and coordination in African indigenous 
vegetables value chains: A scoping review. Front Environ Econ. 
2023;2:1113826. doi: 10.3389/frevc.2023.1113826 

8. Tonnang HEZ, Tepa-Yotto GT, Sokame BM, Winsou JK, Tamò M, Djouaka RF. 
Roadmap for mainstreaming integrated pest management (IPM) into a 
climate smart one-health (CS-OH) framework. One Health. 2025;20:101084. 
doi: 10.1016/j.onehlt.2025.101084 

9. Folke C, Carpenter SR, Walker B, Scheffer M, Chapin T, Rockström J. Resilience 
Thinking: Integrating Resilience, Adaptability and Transformability. Ecol Soc. 
2010;15(4):20. doi: 10.5751/es-03610-150420 

10. Wolf MK, Wiesmeier M, Macholdt J. Importance of soil fertility for climate-
resilient cropping systems: The farmer’s perspective. Soil Securi. 
2023;13:100119. doi: 10.1016/j.soisec.2023.100119 

11. Perez C, Jones EM, Kristjanson P, Cramer L, Thornton PK, Förch W, et al. How 
resilient are farming households and communities to a changing climate in 
Africa? A gender-based perspective. Glob Environ Change. 2015;34:95-107. doi: 
10.1016/j.gloenvcha.2015.06.003 

12. Altieri MA, Nicholls CI, Henao A, Lana MA. Agroecology and the design of 
climate change-resilient farming systems. Agron Sustain Dev. 2015;35:869-90. 
doi: 10.1007/s13593-015-0285-2 

13. Nenya National Bureau of Statistics (KNBS). 2019 Kenya Population and 
Housing Census Volume I: Population by County and Sub-County. Nairobi 
(Kenya): KNBS; 2019. 

14. County Government of Busia. Busia County Integrated Development Plan 
2018-2022. Busia (Kenya): County Government of Busia 2016. 



 
Journal of Sustainability Research 30 of 31 

J Sustain Res. 2026;8(2):e260047. https://doi.org/10.20900/jsr20260047  

15. Choptiany J, Graub B, Phillips S, Colozza D, Dixon J. Self-evaluation and 
holistic assessment of climate resilience of farmers and pastoralists. Rome 
(Italy): Food and Agriculture Organization of the United Nations; 2015. 

16. Cabel JF, Oelofse M. An indicator framework for assessing agroecosystem 
resilience. Ecol Soc. 2012;17(1):18. doi: 10.5751/ES-04666-170118 

17. Hernández Lagana M, Phillips S, Poisot A. Self-evaluation and Holistic 
Assessment of Climate Resilience of Farmers and Pastoralists (SHARP). Rome 
(Italy): FAO; 2022. 

18. Isnan W, Muin N, Iriani I, Humaedi MA, Diniyati D, Listyawati A, et al. 
Bridging gaps in rural resilience: smallholder farmers’ perceptions of formal 
and community-based social assistance in Indonesia. Agric Food Econ. 
2025;13(1):70. doi: 10.1186/s40100-025-00415-0 

19. Lamichhane P, Miller KK, Hadjikakou M, Bryan BA. Resilience of smallholder 
cropping to climatic variability. Sci Total Environ. 2020;719:137464. doi: 
10.1016/j.scitotenv.2020.137464 

20. Udumann SS, Dissanayaka NS, Atapattu AJ. Women’s roles in building 
resilience to climate change in agriculture. In: Impact of Women in Food and 
Agricultural Development. Hershey (PA, US): IGI Global; 2024. pp. 58-78. doi: 
10.4018/979-8-3693-3037-1.ch004 

21. De Grandpré A, Elton C, Senese D, Mullinix K. Soft adaptation: The role of 
social capital in building resilient agricultural landscapes. Front Agron. 
2022;4:980888. doi: 10.3389/fagro.2022.980888 

22. Gayo L, Lwankomezi EB, Katonge JH. Women and youth engagement in 
agroecology and its contribution to sustainable development and social 
equity: evidence from Chemba District, Tanzania. Discov Agric. 2025;3(1):252. 
doi: 10.1007/s44279-025-00432-z 

23. Vizuete B, García-Llorente M, Pérez-Ramírez I, Oteros-Rozas E. Gender equity 
as a key element for agroecological transitions: Neo-rural women as 
managers of agroecological initiatives. People Nat. 2025;7(2):449-62. doi: 
10.1002/pan3.10761 

24. Mouratiadou I, Wezel A, Kamilia K, Marchetti A, Paracchini ML, Bàrberi P. 
The socio-economic performance of agroecology. A review. Agron Sustain Dev. 
2024;44:19. doi: 10.1007/s13593-024-00945-9 

25. Manyanga M, Pedzisa T, Hanyani-Mlambo B. Adoption of agroecological 
intensification practices in Southern Africa: A scientific review. Cogent Food 
Agric. 2023;9(1):2261838. doi: 10.1080/23311932.2023.2261838 

26. Dittmer KM, Rose S, Snapp SS, Kebede Y, Brickman S, Shelton S, et al. 
Agroecology Can Promote Climate Change Adaptation Outcomes Without 
Compromising Yield in Smallholder Systems. Environ Manag. 2023;72(2):333-
42. doi: 10.1007/s00267-023-01816-x 

27. Utter A, White A, Méndez VE, Morris K. Co-creation of knowledge in 
agroecology. Elementa. 2021;9(1):00026. doi: 10.1525/elementa.2021.00026 

28. Lavandero B, González-Chang M, Jara-Rojas R, Gallardo I, Wyckhuys K. 
Enhancing agroecological transitions: From locally adapted protocols to a 
global transdisciplinary applied approach. Farming Syst. 2025;3(3):100154. 
doi: 10.1016/j.farsys.2025.100154 



 
Journal of Sustainability Research 31 of 31 

J Sustain Res. 2026;8(2):e260047. https://doi.org/10.20900/jsr20260047  

29. Ujj A, Nagyné Pércsi K, Ramos-Díaz F, Budimir-Marjanović J, Horstink L, 
Queiroga-Bento R, et al. Agroecological Adoption Pathways in Europe: Drivers, 
Barriers, and Policy Implication Opportunities in the Czech Republic, 
Hungary, and Portugal. Agriculture. 2025;15(23):2414. doi: 
10.3390/agriculture15232414 

30. Ma W, Marini MA, Rahut DB. Farmers’ organizations and sustainable 
development: An introduction. Ann Public Coop Econ. 2023;94(3):683-700. doi: 
10.1111/apce.12449 

31. Byaruhanga R, Isgren E, Kavak S. Politicising agricultural transformation 
through farmer groups’ everyday collective practices. J Rural Stud. 
2025;120:103859. doi: 10.1016/j.jrurstud.2025.103859 

32. Adéchian SA, Baco MN. How does land tenure security contribute to the 
sustainable development of rural households? Evidence from Benin (West 
Africa). Front Sustain Food Syst. 2025;9:1621537. doi: 
10.3389/fsufs.2025.1621537 

33. Lowder SK, Bhalla G, Davis B. Decreasing farm sizes and the viability of 
smallholder farmers: Implications for resilient and inclusive rural 
transformation. Glob Food Secur. 2025;45:100854. doi: 
10.1016/j.gfs.2025.100854 

34. Lipper L, Thornton P, Campbell BM, Baedeker T, Braimoh A, Bwalya M, et al. 
Climate-smart agriculture for food security. Nat Clim Change. 2014;4:1068-72. 
doi: 10.1038/nclimate2437 

35. Ongachi W, Belinder I. Is Farming Income Sufficient? The Role of Agricultural 
Extension in Diversifying Smallholder Livelihoods for Sustainable 
Development. Int J Agri Sci. 2025;10:1-9. 

36. Getahun E, Delele AM, Gabbiye N, Fanta WS, Vanierschot M. Studying the 
drying characteristics and quality attributes of chili pepper at different 
maturity stages: Experimental and mechanistic model. Case Stud Therm Eng. 
2021;26:101052. doi: 10.1016/j.csite.2021.101052 

37. Touch V, Tan DKY, Cook BR, Liu DL, Cross R, Tran TA, et al. Smallholder 
farmers’ challenges and opportunities: Implications for agricultural 
production, environment and food security. J Environ Manage. 
2024;370;122536. doi: 10.1016/j.jenvman.2024.122536 
 

 

How to cite this article: 
Nwokoro CC, van den Berg S, Imbo E, Wybieralska A, Pannatier M, Monroy J, et al. Shocks, Adaptation Strategies, and 
Climate Resilience of Smallholder Households in Busia, Kenya. J Sustain Res. 2026;8(2):e260047. 
https://doi.org/10.20900/jsr20260047. 


