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ABSTRACT

This study examines the relationship between the adoption of climate-smart agriculture (CSA)
practices and multidimensional food security among smallholder maize farmers in Obi Local
Government Area of Nasarawa State, Nigeria. Climate variability—manifested through erratic rainfall,
rising temperatures, and recurrent dry spells—poses significant risks to maize-based farming systems
and threatens rural household food security. Using a mixed-methods research design, primary data
were collected from 240 maize-farming households through structured questionnaires, complemented
by key-informant interviews with agricultural stakeholders. Descriptive statistics, a multivariate probit
model, and regression analysis of a composite food-security index were employed to analyse adoption
patterns, determinants of CSA adoption, and welfare outcomes. CSA practices considered include
drought-tolerant maize varieties, minimum tillage, crop rotation, and organic soil amendments. The
results reveal moderate but uneven adoption of CSA practices, with drought-tolerant varieties showing
the highest uptake. Extension access, education level, farmer-group membership, and climate-stress
perception significantly influence farmers” adoption decisions. Importantly, adoption intensity plays a
crucial role in shaping welfare outcomes. Households adopting multiple CSA practices recorded
significantly higher scores across the four pillars of food security—availability, access, utilisation, and
stability—compared to non-adopters and partial adopters. The findings demonstrate that CSA adoption
enhances production stability, improves income opportunities, supports dietary diversity, and reduces
seasonal food shortages. The study concludes that strengthening extension services, improving access
to climate information and credit, and promoting integrated CSA practice bundles are critical for
enhancing smallholder resilience and achieving sustainable food security in climate-vulnerable maize
farming systems.

Keywords: Climate-Smart Agriculture, Food Security, Maize Farmers, Smallholder Agriculture,
Climate Variability, Nigeria.
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1. INTRODUCTION

Climate change has emerged as one of the most profound structural threats to global food systems,
with its impacts disproportionately concentrated in low- and middle-income countries where
agriculture remains highly climate-dependent (Musa et al 2025; Abubakar et al., 2025). In sub-Saharan
Africa (SSA), rising temperatures, erratic rainfall patterns, prolonged dry spells, and increased
frequency of extreme weather events have intensified production risks for smallholder farmers, who
account for over 70 per cent of food production in the region (FAO, 2022; IPCC, 2023). Recent
empirical assessments show that climate variability is no longer an episodic shock but a persistent
stressor that undermines crop yields, destabilises household incomes, and exacerbates chronic and
seasonal food insecurity across rain-fed farming systems (Abate et al., 2023; Amare et al., 2024; Bello
et al., 2025).

The vulnerability of African food systems is shaped not only by biophysical exposure but also by
structural constraints, including limited access to climate information, weak extension systems, low
adoption of improved technologies, and restricted access to finance and insurance mechanisms (World
Bank, 2023). These constraints heighten farmers’ sensitivity to climate shocks and reduce their
adaptive capacity, thereby reinforcing cycles of poverty and food insecurity. Evidence from recent
panel and cross-sectional studies indicates that climate-induced yield variability has direct implications
for household food availability and access, while indirect effects operate through income instability,
food price volatility, and nutritional compromise during lean seasons (Kassie et al., 2022; Roco et al.,
2024).

Within this context, maize occupies a central position in African food systems and climate
vulnerability narratives. In Nigeria—the largest maize producer in SSA—maize functions
simultaneously as a staple food, a cash crop, and a critical input for livestock feed and agro-processing
industries (FMARD, 2022; FAO, 2024). It contributes substantially to caloric intake among rural and
urban households, particularly in North-Central Nigeria, where maize-based diets underpin food
consumption and livelihoods. However, maize production in Nigeria remains predominantly rain-fed
and is acutely sensitive to rainfall variability, temperature stress, and soil degradation (Abdulrahman et
al., 2023). Yield gaps persist due to low adoption of improved seed varieties, declining soil fertility,
and limited mechanisation, rendering maize farmers highly exposed to climate risks.

Policy responses to these challenges have increasingly converged around climate-smart agriculture
(CSA) as a strategic framework for transforming agri-food systems under climate stress. Since 2022,
CSA has been prominently integrated into national and regional policy instruments, including
Nigeria’s Agricultural Promotion Policy updates, National Climate Change Policy implementation
strategies, and development-partner programming supported by the World Bank, FAO, and IFAD
(World Bank, 2023; IFAD, 2023). CSA is promoted not merely as a technical package but as a
systemic approach aimed at enhancing productivity, strengthening climate resilience, and reducing
vulnerability across food systems. Despite this policy traction, questions remain regarding the extent to
which CSA adoption translates into tangible food-security gains at the household level, particularly in
climate-vulnerable maize-producing zones.

Food security is a multidimensional concept encompassing availability, access, utilisation, and
stability, as articulated in the FAO framework and reinforced in recent global assessments (FAO,
2022). Food availability refers to the physical presence of sufficient quantities of food, whether from
own production, markets, or transfers. Food access captures households’ economic and physical ability
to obtain food, shaped by income, prices, and market connectivity. Food utilisation reflects nutritional
quality, dietary diversity, food safety, and the body’s ability to absorb nutrients, while food stability
concerns the temporal consistency of the other three dimensions, particularly in the face of seasonal or
climate-related shocks (Magaji & Musa, 2024).

Recent scholarship emphasises that climate change affects all four pillars simultaneously and
interactively. For smallholder farmers, climate shocks directly reduce food availability through crop
losses, while also undermining access by eroding incomes and increasing food prices during deficit
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periods (IPCC, 2023). Utilisation is compromised when households substitute towards less diverse or
less nutritious diets during lean seasons, and stability is threatened by recurrent production and income
volatility (Amare et al., 2024). Consequently, policy and research frameworks increasingly advocate
integrated approaches that link agricultural adaptation strategies to comprehensive food-security
outcomes rather than focusing narrowly on yields.

CSA is conceptually positioned at the intersection of productivity enhancement, climate adaptation,
and risk management. While early CSA discourse emphasised a “triple-win” of productivity,
adaptation, and mitigation, recent empirical literature adopts a more nuanced perspective, recognising
context-specific trade-offs and heterogeneous outcomes (Rosenstock et al., 2022; Teklewold et al.,
2022). In smallholder maize systems, CSA practices such as drought-tolerant varieties, minimum
tillage, crop rotation, mulching, and organic soil amendments are primarily framed as adaptation and
resilience strategies that stabilise yields, improve soil health, and reduce sensitivity to rainfall
variability (Abate et al., 2023).

The pathways through which CSA influences food security operate via multiple channels. Productivity
gains enhance food availability and income-based access; improved soil moisture retention and stress
tolerance reduce seasonal yield variability, supporting food stability; and income smoothing effects
enable households to maintain dietary quality, improving utilisation outcomes (Kassie et al., 2022).
However, the magnitude and distribution of these benefits depend on adoption intensity,
complementary inputs, institutional support, and household characteristics. Recent studies caution that
partial or isolated adoption of CSA practices may yield limited welfare impacts, underscoring the
importance of examining bundles of practices and cumulative adoption effects (Amare et al., 2024).

2. Study Area and Agricultural Context

2.1 Agro-Ecological Profile of Obi Local Government Area

Obi Local Government Area (LGA) is located in the southern part of Nasarawa State within Nigeria’s
North-Central geopolitical zone. The area lies within the Southern Guinea Savanna agro-ecological
belt, a transition zone characterised by moderate rainfall, mixed cropping systems, and high
dependence on rain-fed agriculture. This agro-ecological setting supports maize-based farming
systems but also exposes producers to significant climate variability and environmental stress
(FMARD, 2022; FAO, 2024).

Annual rainfall in Obi LGA typically ranges between 1,100 mm and 1,500 mm, concentrated within a
single rainy season that spans approximately April to October. However, recent climate observations
and downscaled projections indicate increasing rainfall unpredictability, including delayed onset, early
cessation, and higher intra-seasonal variability (NiMet, 2023; IPCC, 2023). These changes have
critical implications for maize cultivation, which is particularly sensitive to moisture stress during
germination and flowering stages. Farmers increasingly report shortened growing seasons and more
frequent mid-season dry spells, which disrupt planting calendars and reduce vyield reliability
(Abdulrahman et al., 2023).

Temperature trends further compound climatic stress in the area. Mean annual temperatures in
Nasarawa State have risen steadily over the past two decades, with more frequent heat extremes
recorded during the early growing season (IPCC, 2023). Elevated temperatures accelerate
evapotranspiration, reduce soil moisture availability, and exacerbate heat stress on maize crops,
particularly when combined with erratic rainfall. These dynamics heighten production risks and
contribute to inter-annual yield variability, reinforcing food-security vulnerability among smallholder
households (Roco et al., 2024).

Soil conditions in Obi LGA are typical of the Guinea Savanna zone, dominated by sandy loam and
loamy soils with moderate natural fertility. While these soils are generally suitable for maize
cultivation, they are highly susceptible to nutrient depletion and erosion under continuous cultivation
and limited organic matter replenishment (FAO, 2022). Declining soil fertility has emerged as a major
constraint to productivity, driven by shortened fallow periods, limited use of organic amendments, and
rising pressure on land from population growth. Soil degradation interacts with climate stress to reduce
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yield potential and undermine the effectiveness of conventional input use, further motivating interest
in soil-focused climate-smart agriculture (CSA) practices such as minimum tillage and organic soil
amendments (Abate et al., 2023).

Overall, the agro-ecological profile of Obi LGA reflects a context in which maize production remains
viable but increasingly vulnerable. Climate risks, coupled with soil degradation, create a compelling
case for adaptive agricultural strategies that enhance resilience and stabilise production under variable
conditions.

2.2 Maize-Based Smallholder Farming Systems

Maize farming in Obi LGA is dominated by smallholder producers operating under low-input, labour-
intensive systems. Average farm sizes typically range between one and three hectares, consistent with
smallholder patterns across North-Central Nigeria (World Bank, 2023). Production is largely
subsistence-oriented, although surplus maize is sold in local and regional markets to meet household
cash needs. This dual role of maize—as both a food staple and an income source—means that
production shocks have direct and immediate consequences for household food security.

Labour use in maize production relies heavily on family labour, supplemented by hired labour during
peak periods such as land preparation, planting, and harvesting. Labour constraints are particularly
pronounced during the onset of the rainy season, when competing farm and non-farm activities
intensify. Recent studies indicate that labour availability influences farmers’ ability to adopt certain
CSA practices, especially those perceived as labour-intensive, such as mulching or compost
application (Teklewold et al., 2022; Amare et al., 2024). In Obi LGA, labour shortages during critical
production stages can delay planting, exposing crops to heightened climate risks.

Access to agricultural inputs remains uneven and constrained. While improved maize varieties—
particularly drought-tolerant and early-maturing seeds—are increasingly promoted, adoption rates
remain moderate due to cost, limited availability, and information gaps (FMARD, 2022; Abdulrahman
et al., 2023). Fertiliser use is similarly constrained by high prices, delayed distribution under public
programmes, and limited purchasing power among smallholders. As a result, many farmers rely on
sub-optimal input combinations, reinforcing yield gaps and vulnerability to climate stress.

Market access for maize farmers in Obi LGA is shaped by a combination of geographic, infrastructural,
and institutional factors. Most farmers sell produce through informal channels, including village
traders and periodic rural markets. Poor road infrastructure and limited storage facilities increase
transaction costs and post-harvest losses, particularly during peak harvest periods when prices are low
(FAO, 2024). These market constraints affect food access indirectly by reducing income stability and
limiting farmers’ capacity to smooth consumption across seasons.

Gender and household dynamics play a critical role in shaping maize production and food-security
outcomes. Although maize farming is predominantly managed by male household heads, women
contribute substantially through planting, weeding, processing, and marketing activities. Women’s
access to land, inputs, and extension services, however, remains constrained by socio-cultural norms
and institutional biases (Akinwale et al., 2023). Evidence from recent Nigerian studies suggests that
female-managed plots often exhibit lower input use and yields, not due to lower efficiency, but
because of structural access barriers (World Bank, 2023). These gendered disparities have important
implications for CSA adoption and the distribution of food-security benefits within households.
Household size and dependency ratios further influence farming decisions and food-security outcomes.
Larger households provide labour advantages but also place greater pressure on food consumption,
particularly during lean seasons. In maize-dependent systems, seasonal food shortages are common
when own-produced stocks are depleted before the next harvest, underscoring the importance of
stability-enhancing strategies such as CSA adoption (FAO, 2024).

2.3 Institutional and Policy Environment

The institutional and policy environment in Obi LGA shapes farmers’ exposure to information, inputs,
and financial services, all of which are critical for CSA adoption and food-security outcomes.
Agricultural extension services represent a central pillar of this environment. Extension delivery in
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Nasarawa State is primarily coordinated through state-level agricultural development programmes
(ADPs), supported intermittently by federal initiatives and donor-funded projects. However, extension
systems remain under-resourced, with high farmer-to-extension-agent ratios limiting coverage and
effectiveness (FMARD, 2022; IFAD, 2023).

Despite these constraints, extension services remain a key channel for disseminating information on
improved maize varieties, soil management practices, and climate-smart technologies. Recent
empirical evidence indicates that farmers with regular extension contact are significantly more likely
to adopt CSA practices, particularly when extension messages are tailored to local climate risks
(Teklewold et al., 2022; Roco et al., 2024). In Obi LGA, extension agents also play an informal role in
linking farmers to input suppliers and government support programmes, further reinforcing their
importance.

Climate-information services have gained increasing policy prominence in Nigeria since 2022,
reflecting growing recognition of the need to support climate-informed decision-making in agriculture.
National and sub-national initiatives, often supported by the Nigerian Meteorological Agency (NiMet)
and development partners, provide seasonal climate forecasts, early-warning information, and agro-
meteorological advisories (NiMet, 2023; FAO, 2024). However, access to and utilisation of these
services among smallholder farmers remain uneven. Barriers include limited dissemination channels,
low literacy levels, and insufficient localisation of climate information to farm-level decision contexts.
Credit and input-support schemes constitute another critical component of the institutional landscape
(Magaji & Aliyu, 2007; Chinedu et al., 2021). Public initiatives such as input-subsidy programmes and
agricultural credit schemes aim to reduce financial barriers to technology adoption. Nevertheless,
access to formal credit among smallholder maize farmers remains limited due to stringent collateral
requirements, high transaction costs, and weak rural financial infrastructure (World Bank, 2023).
Informal credit sources, including rotating savings groups and trader advances, are more accessible but
often insufficient to support sustained investment in CSA practices while credit from commercial
banks are limited in supply (Magaji & Ismail, 2025: Hamza et al., 2025).

Recent policy frameworks increasingly emphasise the integration of CSA into national agricultural and
climate strategies. Nigeria’s updated Nationally Determined Contributions and Climate Change Act
implementation plans explicitly recognise CSA as a pathway for enhancing food security and climate
resilience (Federal Government of Nigeria, 2023). However, translation of these high-level
commitments into effective local-level support remains uneven, particularly in resource-constrained
rural areas such as Obi LGA.

In sum, the agricultural context of Obi LGA is characterised by climate-sensitive maize-based systems
operating within institutional environments marked by both opportunity and constraint. Extension
services, climate-information provision, and credit access play pivotal roles in shaping CSA adoption,
yet persistent gaps limit their effectiveness. Understanding how these contextual factors interact with
household characteristics and climate stress is essential for interpreting CSA adoption patterns and
food-security outcomes, providing the empirical motivation for the analysis that follows.

3. Literature Review and Analytical Framework

3.1 Theoretical Perspectives

Technology Adoption Theory

Technology adoption theory provides a foundational lens for understanding farmers’ decisions to
adopt climate-smart agriculture (CSA) practices. Classical adoption models, rooted in expected utility
theory, posit that farmers adopt new technologies when perceived benefits outweigh costs under
conditions of uncertainty (Feder et al., extended in recent literature). Contemporary extensions
emphasise heterogeneity among smallholders, recognising that adoption decisions are shaped by
resource endowments, information asymmetries, institutional access, and risk preferences (Teklewold
et al., 2022; Abate et al., 2023).
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Recent adoption studies move beyond binary frameworks to examine joint and sequential adoption of
multiple technologies. This shift is particularly relevant for CSA, which is often implemented as a
bundle of complementary practices rather than as isolated interventions. Multivariate and system-
based adoption models recognise interdependencies among practices such as improved seed use, soil
management, and conservation tillage, highlighting complementarities and substitution effects (Kassie
et al., 2022). Adoption intensity, measured by the number of practices adopted, has emerged as a
critical determinant of welfare outcomes, suggesting that partial adoption may yield limited resilience
benefits.

Behavioural dimensions have also gained prominence in recent adoption theory. Perceptions of climate
risk, experiential learning from past shocks, and social learning through farmer networks influence
adoption decisions beyond purely economic considerations (Roco et al., 2024). In climate-vulnerable
settings, farmers’ subjective expectations about rainfall variability and temperature stress significantly
shape their willingness to experiment with CSA practices, even in the presence of resource constraints.
Livelihoods and Resilience Frameworks

Livelihoods and resilience frameworks complement adoption theory by situating CSA within broader
household welfare and vulnerability contexts. The Sustainable Livelihoods Framework conceptualises
livelihoods as combinations of assets, activities, and institutional processes that determine households’
capacity to cope with shocks and stresses (FAO, 2022). From this perspective, CSA adoption
represents a livelihood strategy that enhances natural, human, and financial capital, thereby
strengthening resilience to climate variability.

Recent resilience-oriented literature emphasises absorptive, adaptive, and transformative capacities.
CSA practices primarily enhance absorptive and adaptive capacities by stabilising production,
reducing yield variability, and enabling households to adjust to changing climatic conditions (IPCC,
2023). For maize-based smallholder systems, practices such as drought-tolerant varieties and soil
moisture conservation directly reduce sensitivity to rainfall shocks, while income-stabilising effects
enhance households’ ability to smooth consumption across seasons (Amare et al., 2024).

Livelihoods frameworks also highlight distributional considerations within households. Gendered
access to assets and decision-making power influences both CSA adoption and food-security outcomes.
Evidence suggests that when women gain access to climate-resilient technologies and extension
services, household dietary diversity and child nutrition outcomes improve disproportionately (World
Bank, 2023). These insights underscore the importance of integrating gender dynamics into CSA-
food-security analyses.

Risk and Uncertainty in Smallholder Farming

Risk and uncertainty are defining features of smallholder agriculture in climate-vulnerable regions.
Unlike measurable risk, climate uncertainty involves unpredictable variability in rainfall onset,
duration, and intensity, complicating farmers’ production decisions (IPCC, 2023). Smallholders often
exhibit risk-averse behaviour, prioritising strategies that reduce downside losses rather than
maximising expected yields.

CSA practices can be interpreted as risk-management instruments that reduce exposure and sensitivity
to climate shocks. Empirical studies show that farmers adopt risk-reducing technologies when they
perceive climate variability as persistent rather than transitory (Kassie et al., 2022). However, adoption
is constrained by liquidity limitations and imperfect insurance markets, which limit farmers’ capacity
to absorb short-term costs associated with new practices.

Recent theoretical contributions emphasise the interaction between risk perceptions, institutional
support, and learning. Access to extension services and climate information reduces uncertainty by
improving farmers’ expectations about technology performance under variable conditions (Roco et al.,
2024). This interaction is particularly relevant for CSA, where benefits often materialise over multiple
seasons rather than immediately.
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3.2 Empirical Evidence on CSA and Food Security

Yield and Food Availability Effects

A growing body of empirical literature documents the positive effects of CSA adoption on crop yields
and food availability in SSA. Studies using plot-level and household-level data consistently find that
drought-tolerant maize varieties, conservation tillage, and soil fertility management practices increase
yields under both normal and adverse climatic conditions (Abate et al., 2023; FAO, 2024). Yield gains
are often more pronounced during drought years, indicating that CSA enhances resilience rather than
merely boosting average productivity.

In Nigeria, recent studies report yield improvements ranging from 15 to 35 per cent among adopters of
improved maize varieties and soil management practices, with stronger effects observed when
practices are adopted jointly (Abdulrahman et al., 2023). These gains translate into higher household
food availability through increased own-production and reduced reliance on market purchases during
lean seasons.

Income and Food Access Pathways

Beyond availability, CSA adoption influences food security through income-mediated access pathways.
Higher and more stable yields increase marketable surpluses, enabling households to generate cash
income that can be used to purchase food, health services, and education (World Bank, 2023).
Empirical evidence indicates that CSA adopters experience lower income volatility and improved
purchasing power, particularly in years characterised by climate stress (Teklewold et al., 2022).

Recent panel-data studies highlight the importance of income smoothing effects, showing that CSA
adoption reduces the probability of distress sales of assets and food consumption reductions following
climate shocks (Amare et al.,, 2024). These findings underscore the role of CSA in enhancing
economic access to food, especially for households that depend on maize sales for cash income.
Stability and Seasonal Food Shortages

Food stability has received increased attention in recent literature, reflecting recognition that seasonal
food insecurity remains pervasive even in surplus-producing regions. CSA practices that stabilise
yields and incomes reduce the incidence and severity of lean-season food shortages (FAO, 2024).
Evidence from multi-country studies suggests that households adopting multiple CSA practices
experience fewer months of food shortage and recover more quickly from climate-induced production
shocks (Kassie et al., 2022).

In Nigeria, seasonal food insecurity remains pronounced among maize farmers, particularly in North-
Central states. Studies indicate that climate variability exacerbates inter-seasonal consumption gaps,
forcing households to rely on coping strategies such as meal reduction and dietary simplification
(Abdulrahman et al., 2023). CSA adoption has been shown to mitigate these effects by enhancing
production stability and income continuity.

3.3 CSA Adoption Drivers and Constraints

Socio-Economic Factors

Socio-economic characteristics strongly influence CSA adoption. Education enhances farmers’ ability
to process information and evaluate new technologies, while farm size and asset ownership increase
capacity to absorb adoption risks (Teklewold et al., 2022). Household labour availability also affects
adoption, particularly for practices perceived as labour-intensive.

Gender disparities persist as a significant constraint. Female farmers often face limited access to land,
inputs, and credit, reducing their likelihood of adopting CSA practices despite high vulnerability to
climate risks (World Bank, 2023). These disparities have implications for intra-household food-
security outcomes and equity.

Institutional and Informational Factors

Institutional support plays a pivotal role in shaping adoption decisions. Extension services facilitate
information dissemination, technical support, and learning-by-doing, significantly increasing adoption
probabilities (FAO, 2024). Climate-information services further enhance adoption by reducing
uncertainty and improving timing of farm operations (NiMet, 2023).
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Access to credit remains a binding constraint. High upfront costs and delayed returns deter adoption in
the absence of affordable finance. Recent studies emphasise the importance of integrated support
packages that combine extension, climate information, and financial services (IFAD, 2023).
Behavioural Responses to Climate Stress

Behavioural responses to perceived climate stress have emerged as a critical driver of CSA adoption
(John et al., 2025). Farmers who perceive climate change as a long-term trend are more likely to adopt
adaptive practices than those who view variability as temporary (Roco et al., 2024). Social learning
through farmer groups further reinforces adoption by reducing perceived risks and facilitating
knowledge sharing.

3.4 Conceptual Framework

Drawing on the theoretical and empirical literature, this study adopts an integrated conceptual
framework linking CSA adoption to multidimensional food-security outcomes through productivity,
income, and stability pathways. CSA adoption is conceptualised as a mediating variable influenced by
climate stressors, household characteristics, and institutional factors. Adoption intensity determines the
magnitude of effects on intermediate outcomes—productivity, income stability, and risk reduction—
which in turn shape food availability, access, utilisation, and stability.

This framework moves beyond yield-centric analyses by explicitly incorporating income and stability
pathways and by recognising the cumulative effects of multiple CSA practices. It provides the
analytical foundation for the empirical models employed in the study and guides interpretation of
results.

4. METHODOLOGY

4.1 Research Design

This study adopts a mixed-methods research design to examine the determinants and food-security
impacts of climate-smart agriculture (CSA) adoption among smallholder maize farmers in Obi Local
Government Area (LGA), Nasarawa State. The mixed-methods approach is particularly appropriate for
analysing complex socio-ecological systems in which quantitative relationships between variables are
embedded within institutional, behavioural, and contextual processes (Creswell & Plano Clark, 2022;
FAO, 2022). By integrating quantitative household-level data with qualitative insights from key
informants, the study enhances both analytical rigour and contextual validity.

The quantitative component is designed to identify statistically significant relationships between CSA
adoption, its drivers, and multidimensional food-security outcomes. This component enables formal
hypothesis testing using econometric models that account for the joint adoption of multiple CSA
practices and heterogeneous household characteristics. The qualitative component complements this
analysis by providing interpretive insights into institutional arrangements, extension dynamics, and
behavioural responses to climate stress that are not fully captured by survey data alone (IPCC, 2023).
The complementarity of the two approaches lies in their ability to address distinct but interrelated
research objectives. While the household survey quantifies adoption patterns and food-security
outcomes, key-informant interviews elucidate the mechanisms through which extension services,
climate information, and policy interventions influence farmers’ decisions. This triangulation
strengthens inference and aligns with recent methodological recommendations in climate-change and
food-security research (Amare et al., 2024; Roco et al., 2024).

4.2 Data Sources

Primary data were collected between May and August 2024, coinciding with the main maize growing
season. Two complementary data sources were employed: a structured household survey of maize
farmers and semi-structured key-informant interviews with agricultural stakeholders operating within
Obi LGA.

259



Muhammad & Magaji ...... Int. J. Innovative Devpt & Policy Studies 14 (1):252-268, 2026

4.2.1 Household Survey

Sample Size and Sampling Procedure

The household survey targeted 240 smallholder maize-farming households, a sample size considered
adequate for econometric analysis of adoption behaviour and food-security outcomes in rural settings
(Teklewold et al., 2022). A multistage sampling procedure was employed to ensure representativeness
and minimise selection bias.

In the first stage, Obi LGA was purposively selected due to its prominence as a maize-producing area
and its exposure to climate variability. In the second stage, farming communities were randomly
selected from official community lists obtained from the local agricultural office. In the final stage,
maize-farming households within selected communities were randomly sampled using household
registers compiled with the assistance of community leaders and extension agents. Eligibility criteria
required that households had cultivated maize during the most recent production season.

Survey Instrument

Data were collected using a structured questionnaire administered through face-to-face interviews. The
guestionnaire was designed following established survey instruments used in CSA and food-security
research, with contextual adaptation to local conditions (FAO, 2022; Kassie et al., 2022). It comprised
five main sections: (i) household socio-economic characteristics; (ii) farm and production attributes;
(iii) CSA practice adoption and intensity; (iv) food-security outcomes across the four pillars; and (v)
access to institutional services, including extension, climate information, and credit.

The instrument was pre-tested in a non-sample community to ensure clarity, relevance, and cultural
appropriateness. Feedback from the pre-test informed minor revisions to question wording and
sequencing. Enumerators were trained extensively on survey administration, ethical conduct, and data-
guality assurance to minimise measurement error.

4.2.2 Key-Informant Interviews

To complement household-level data, key-informant interviews were conducted with agricultural
extension personnel and local agricultural officials operating within Obi LGA. A total of ten key
informants were purposively selected based on their direct involvement in extension delivery, climate-
information dissemination, and implementation of agricultural support programmes.

Interviews followed a semi-structured guide covering themes such as climate risks affecting maize
production, patterns of CSA promotion and adoption, institutional constraints, and policy
implementation challenges. The qualitative data provided contextual insights into extension capacity,
farmer engagement, and institutional coordination, which informed interpretation of quantitative
findings. Interviews were audio-recorded with consent and transcribed verbatim for thematic analysis.
4.3 Measurement of Variables

CSA Adoption Indicators

CSA adoption was measured using a multi-practice approach, recognising that CSA is implemented as
a bundle of complementary practices rather than a single technology. Four CSA practices commonly
promoted in maize systems in North-Central Nigeria were considered: (i) use of drought-tolerant
maize varieties; (ii) minimum or reduced tillage; (iii) crop rotation; and (iv) application of organic soil
amendments.

Each practice was coded as a binary variable indicating adoption in the most recent production season.
Adoption intensity was measured by summing the number of practices adopted by each household,
yielding a count variable ranging from zero to four. This approach aligns with recent CSA adoption
studies that emphasise cumulative effects and complementarities among practices (Teklewold et al.,
2022; Amare et al., 2024).

Food-Security Components and Index Construction

Food security was operationalised using a composite food-security index capturing the four pillars of
availability, access, utilisation, and stability, consistent with FAO guidelines (FAO, 2022). Indicators
for each pillar were selected based on relevance, data availability, and empirical precedent.
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Food availability was measured using indicators of own-production sufficiency and household maize
stock duration. Food access was proxied by income adequacy for food purchases and market
participation. Food utilisation captured dietary diversity and meal frequency, while food stability
reflected the incidence and duration of seasonal food shortages over the previous 12 months.

Indicators were standardised and aggregated using equal weights to construct the composite index.
Sensitivity checks using alternative weighting schemes were conducted to assess robustness, consistent
with best practice in multidimensional welfare measurement (Abate et al., 2023).

Control Variables

Control variables included household demographic characteristics (age, education, household size),
farm attributes (farm size, farming experience), institutional access variables (extension contact,
climate-information access, credit access), and climate-related perceptions. These variables were
selected based on theoretical relevance and empirical evidence from recent CSA adoption studies
(World Bank, 2023; Roco et al., 2024).

4.4 Analytical Techniques

Multivariate Probit Model

To analyse determinants of CSA adoption, a multivariate probit (MVVP) model was employed. The
MVP model accounts for potential correlations among adoption decisions for different CSA practices,
recognising that farmers often adopt practices jointly rather than independently (Kassie et al., 2022).
The model estimates a system of equations, one for each CSA practice, allowing for correlated error
terms.

The MVP specification improves efficiency and reduces bias relative to separate binary probit models,
particularly in contexts characterised by interdependent adoption choices. Explanatory variables
included socio-economic characteristics, institutional access, and climate-stress perceptions.
Composite Food-Security Index Analysis

The composite food-security index served as the primary outcome variable for assessing welfare
effects of CSA adoption. Descriptive statistics and comparative analysis were first employed to
examine differences in food-security outcomes across adoption categories (non-adopters, partial
adopters, and multiple-practice adopters). Subsequently, regression analysis was used to estimate the
association between adoption intensity and food-security scores, controlling for household and
institutional characteristics.

This approach aligns with recent CSA impact evaluations that emphasise multidimensional welfare
outcomes and adoption intensity rather than binary treatment effects (Amare et al., 2024).

Descriptive and Comparative Analysis

Descriptive statistics were used to summarise household characteristics, adoption rates, and food-
security indicators. Comparative analysis involved mean-difference tests across adoption categories to
provide preliminary insights into CSA-food-security relationships. These analyses informed
interpretation of econometric results and enhanced transparency.

4.5 Ethical Considerations

The study adhered to established ethical standards for social-science research involving human
participants. Informed consent was obtained from all respondents prior to data collection, with clear
explanation of the study’s objectives, voluntary nature, and right to withdraw at any time. Participation
was entirely voluntary, and no identifying information was included in the dataset.

Confidentiality was ensured through anonymisation of survey and interview data and secure storage of
electronic files. Interview recordings and transcripts were accessible only to the research team and
used solely for academic purposes.

The study upheld principles of research integrity, including transparency in data collection and
analysis, accurate reporting of findings, and proper acknowledgment of sources. Ethical procedures
align with international guidelines for research in development and food-security contexts (Creswell &
Plano Clark, 2022; FAO, 2022).
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5. RESULTS

5.1 Socio-Economic Characteristics of Respondents

This section presents the descriptive characteristics of the sampled maize-farming households in Obi
Local Government Area (LGA). Understanding the socio-economic profile of respondents is essential
for contextualising CSA adoption behaviour and food-security outcomes, as these characteristics shape
production decisions, risk exposure, and adaptive capacity (FAO, 2022; World Bank, 2023).

The results indicate that maize farming in the study area is dominated by economically active
households with substantial farming experience. The mean age of household heads was 44.7 years,
suggesting a relatively mature farming population with accumulated experiential knowledge but also
potential constraints in adopting labour-intensive innovations. Average farming experience was 18.6
years, underscoring deep familiarity with local agro-ecological conditions and climate variability.
Educational attainment varied considerably. While 28.3 per cent of respondents had no formal
education, over half had completed at least primary education, and 19.6 per cent had secondary or
higher education. This distribution is consistent with recent rural household surveys in North-Central
Nigeria and has important implications for information processing and technology adoption
(Abdulrahman et al., 2023).

Average household size was 6.4 persons, reflecting extended family structures common in rural
Nigeria. Larger households potentially provide labour advantages but also increase food consumption
requirements, particularly during lean seasons. Average farm size was 1.84 hectares, confirming the
predominance of smallholder production systems. These farm sizes limit economies of scale and often
constrain investment in capital-intensive technologies.

Institutional access indicators reveal mixed levels of support. Approximately 48.7 per cent of
respondents reported at least one contact with extension agents in the previous year, while only 31.9
per cent had access to formal or semi-formal credit. Access to climate information services, including
seasonal forecasts and advisory messages, stood at 44.2 per cent, indicating significant gaps in climate-
risk communication.

Table 1. Descriptive statistics of sampled maize-farming households (n = 240)

Variable Mean / Percentage
Age of household head (years) 44.7
Farming experience (years) 18.6
Household size (persons) 6.4
Farm size (ha) 1.84
No formal education (%) 28.3
Primary education (%) 52.1
Secondary or higher (%) 19.6
Extension contact (%) 48.7
Access to climate information (%) 44.2
Access to credit (%) 31.9
Farmer-group membership (%) 46.8

Source: Field survey (2025).

Overall, the descriptive results depict a population of smallholder maize farmers operating under
moderate human-capital endowments and uneven institutional support, conditions that are highly
relevant for CSA adoption and food-security outcomes.

5.2 Patterns of CSA Adoption

Types of CSA Practices

Analysis of adoption patterns reveals moderate but uneven uptake of climate-smart agriculture
practices across the sample. Among the four CSA practices considered, drought-tolerant maize
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varieties exhibited the highest adoption rate (46.3 per cent), reflecting sustained promotion by
extension services and seed programmes. This finding aligns with recent evidence showing that
improved varieties are often the entry point into CSA adoption due to their relatively low management
complexity and visible yield benefits (Abate et al., 2023; FAO, 2024).

Minimum or reduced tillage was adopted by 34.2 per cent of households. While farmers recognised its
soil-moisture and erosion-control benefits, adoption was constrained by labour requirements and
limited access to appropriate equipment. Crop rotation practices were reported by 38.7 per cent of
respondents, often involving legumes such as cowpea or groundnut. Organic soil amendments,
including compost and manure application, were adopted by 39.6 per cent of households, reflecting
growing awareness of soil fertility decline but also highlighting labour and biomass availability
constraints.

Overall, adoption patterns suggest that farmers selectively adopt CSA practices based on perceived
benefits, resource availability, and compatibility with existing farming systems. These findings are
consistent with recent CSA adoption studies emphasising context-specific and practice-specific
adoption dynamics (Teklewold et al., 2022; Amare et al., 2024).

Adoption Intensity

Adoption intensity analysis shows that 29.6 per cent of households did not adopt any of the four CSA
practices during the reference season. Partial adopters—those adopting one or two practices—
accounted for 44.2 per cent of the sample, while 26.2 per cent adopted three or more practices.

This distribution highlights the importance of examining adoption intensity rather than binary adoption,
as recommended in recent CSA impact literature. Multiple-practice adopters are hypothesised to
experience stronger productivity and food-security benefits due to complementarities among practices
(Kassie et al., 2022; Amare et al., 2024). The subsequent sections empirically examine these
relationships.

5.3 Determinants of CSA Adoption

To identify factors influencing CSA adoption decisions, a multivariate probit (MVP) model was
estimated for the four CSA practices. The joint estimation framework accounts for correlations among
adoption decisions, recognising that farmers often adopt practices as complementary bundles.
Extension Access

Extension access emerged as a strong and statistically significant determinant of CSA adoption across
all four practices. Households with extension contact were significantly more likely to adopt drought-
tolerant varieties, minimum tillage, crop rotation, and organic soil amendments. The magnitude and
consistency of these effects underscore the central role of extension systems in reducing information
asymmetries and facilitating learning.

This result corroborates recent empirical evidence from Nigeria and other SSA countries
demonstrating that extension services remain one of the most effective levers for promoting CSA
adoption, particularly when messages are tailored to local climate risks (World Bank, 2023; Roco et al.,
2024).

Education

Education level exhibited a positive and significant association with the adoption of most CSA
practices, particularly drought-tolerant varieties and crop rotation. Educated farmers are better
positioned to process technical information, evaluate long-term benefits, and manage the complexity
associated with certain CSA practices. This finding is consistent with technology-adoption theory and
recent CSA studies highlighting the role of human capital in facilitating adaptive behaviour
(Teklewold et al., 2022).

Farmer-Group Membership

Membership in farmer-based organisations significantly increased the likelihood of CSA adoption,
particularly for minimum tillage and organic soil amendments. Farmer groups facilitate social learning,
collective action, and access to shared resources, reducing individual adoption risks. This result aligns
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with behavioural and social-learning perspectives emphasising peer effects in climate adaptation
(Amare et al., 2024).

Climate-Stress Perception

Perceived climate stress—measured through farmers’ assessment of increasing rainfall variability and
drought frequency—was positively associated with CSA adoption. Farmers who perceived climate
variability as a persistent threat were significantly more likely to adopt adaptive practices, supporting
recent findings that subjective risk perception is a key driver of climate-responsive behaviour (Roco et

al., 2024).

Table 2.)Multivariate probit estimates of CSA adoption determinants

Variable DT Varieties Min. Tillage Crop Rotation Organic Amendments
Extension access 0.412* 0.367* 0.298 0.341*

Education (years) 0.215 0.104 0.189 0.121

Farmer-group membership 0.176 0.244 0.198 0.263

Climate-stress perception 0.331* 0.287 0.254 0.301

Farm size 0.098 0.114 0.087 0.092

Credit access 0.141 0.219 0.133 0.246

Notes: ***n<0.01, **p<0.05.

Source: Field survey (2025).

The significant correlations among error terms (not shown) confirm complementarities among CSA
practices, justifying the use of the MVP model.

5.4 CSA Adoption and Food-Security Outcomes

This section examines the association between CSA adoption intensity and multidimensional food-
security outcomes, consistent with the analytical framework.

Food Availability

Households adopting three or more CSA practices recorded significantly higher food-availability
scores compared to non-adopters and partial adopters. These households reported longer durations of
own-produced maize stocks and lower reliance on market purchases during the post-harvest period.
The stabilising effects of drought-tolerant varieties and soil-management practices appear to translate
directly into improved household food availability.

This finding aligns with recent empirical evidence indicating that CSA adoption enhances production
stability and reduces the probability of harvest failure under climate stress (Abate et al., 2023; FAO,
2024).

Food Access

CSA adoption intensity was also positively associated with food access. Multiple-practice adopters
reported higher cash income from maize sales and greater capacity to purchase food during lean
seasons. Income-mediated access pathways are particularly important in maize-based systems where
surplus sales finance food purchases and other essential expenditures.

These results support recent panel-data studies demonstrating that CSA adoption reduces income
volatility and improves purchasing power in climate-vulnerable settings (Amare et al., 2024).

Food Utilisation

Improvements in food utilisation were evident among multiple-practice adopters, reflected in higher
dietary diversity scores and more consistent meal frequency. While CSA does not directly target
nutrition, income stability and reduced production risk enable households to maintain more diverse
diets, particularly during periods of climatic stress.

This indirect utilisation effect is consistent with recent literature emphasising income and stability
pathways linking agricultural adaptation to nutrition outcomes (FAO, 2022; World Bank, 2023).
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Food Stability

Food stability exhibited the most pronounced differences across adoption categories. Households
adopting three or more CSA practices experienced significantly fewer months of food shortage over
the previous year and demonstrated greater resilience during the lean season. CSA practices that
stabilise yields and incomes appear to reduce inter-seasonal food-security volatility, a critical but often
overlooked dimension of food security.

This finding corroborates emerging evidence that CSA adoption contributes to stability and resilience
rather than merely increasing average outcomes (Kassie et al., 2022; Amare et al., 2024).

Summary of Key Results

Overall, the results demonstrate that CSA adoption in Obi LGA is shaped by extension access,
education, farmer-group participation, and climate-stress perception. Importantly, adoption intensity
matters: households adopting multiple CSA practices experience significantly better outcomes across
all four pillars of food security. These findings provide robust micro-level evidence supporting the role
of CSA as a pathway for enhancing food availability, access, utilisation, and stability in climate-
vulnerable maize-based systems.

6.0 Conclusion and Recommendation

The findings of this study demonstrate that the adoption of climate-smart agriculture (CSA) practices
plays a significant role in enhancing multidimensional food security among smallholder maize farmers
in Obi Local Government Area of Nasarawa State. The results reveal that farmers who adopted
multiple CSA practices—such as drought-tolerant maize varieties, minimum tillage, crop rotation, and
organic soil amendments—experienced improved outcomes across the four pillars of food security:
availability, access, utilisation, and stability. The study further establishes that extension contact,
educational attainment, farmer-group membership, and perception of climate stress are key drivers of
CSA adoption. Importantly, the evidence indicates that the benefits of CSA increase with adoption
intensity, as households implementing several complementary practices achieved greater production
stability, higher income from maize sales, improved dietary diversity, and fewer months of seasonal
food shortages. These results underscore the importance of integrated and sustained adoption of CSA
practices as a viable pathway for strengthening resilience and improving the food-security status of
climate-vulnerable farming households.

Based on these findings, the study recommends strengthening agricultural extension systems to
enhance farmers’ awareness, technical knowledge, and practical capacity to adopt multiple CSA
practices. Government agencies and development partners should expand access to climate
information services, improved seed varieties, and soil-management technologies tailored to local
agro-ecological conditions. Additionally, improving farmers’ access to affordable credit and input-
support programmes will help overcome financial barriers that limit CSA adoption. Encouraging
farmer-group participation and cooperative structures can further facilitate knowledge sharing,
collective learning, and resource mobilisation. Policymakers should also integrate CSA more
effectively into local agricultural development strategies to ensure sustained institutional support,
thereby promoting widespread adoption and enhancing long-term food security among smallholder
farmers in climate-sensitive maize production systems.
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