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Abstract
This study employed a mixed-methods exploratory design to examine the socio-economic characteristics, climate change awareness, technical skills, and adaptive strategies of smallholder farmers in Niger State, Nigeria, drawing on a purposive sample of 140 registered respondents from nine communities across three agricultural zones (A-South, B-East, C-North) and selected local government areas such as Bida, Kontagora, and Minna. Key findings indicated exceptionally high awareness of climate stressors, including irregular rainfall onsets (99.3% agreement), heat stress on crops and livestock (95.7%), frequent flooding (92.9%), desertification (95.0%), and increased pest/disease incidence (71.4%), all of which significantly erode agricultural productivity and livelihoods. Although 90% of farmers recognized climate-resilient innovations (e.g., drought-tolerant seeds, improved breeds) and 81.4% expressed willingness to adopt modern agro-technologies, critical gaps persisted: 32.1% reported no access to extension service demonstrations, only 38% demonstrated proficiency in water management skills, and 61.4% attributed low resilience to ineffective policy implementation and institutional support. To address these deficits, the study recommends strengthening farm-to-farm extension models for peer-to-peer knowledge transfer, establishing localized early-warning systems integrated with mobile weather alerts, scaling subsidized access to climate-smart inputs through cooperatives, and fostering bottom-up policy frameworks that prioritize smallholder input to bridge the research-practice divide and enhance long-term socio-economic resilience.
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Introduction
Climate change poses an unprecedented threat to global stability, with its impacts disproportionately undermining livelihoods, biodiversity, and ecosystem services in developing nations, particularly through disruptions to agricultural systems and food security (IPCC, 2023). In Nigeria, the agricultural sector—which employs approximately 70% of the rural workforce and contributes 24% to national GDP—remains acutely vulnerable to escalating climatic variability, including erratic rainfall patterns, a temperature rise of 0.19°C per decade, and intensified extreme weather events such as floods and droughts (NiMet, 2024). Niger State, encompassing Nigeria's largest landmass (approximately 8.6 million hectares, or 9.3% of the national total) and serving as a critical "food basket" for staple crops like rice, maize, yam, and millet alongside significant livestock production, confronts amplified challenges: delayed rainy season onsets and early cessations, heat stress on crops and livestock (e.g., reduced reproductive efficiency in cattle and poultry), recurrent flooding, prolonged dry spells, and advancing desertification in its Sahel and Sudan Savannah belts.
Smallholder farmers, defined as those operating farms under 10 hectares and constituting over 80% of Nigeria's agricultural workforce, produce 90-98% of the nation's domestic food supply yet face systemic barriers, including limited access to formal credit (only 7% utilization rate), high post-harvest losses due to inadequate storage, and a persistent knowledge-action gap that hinders the translation of climate awareness into effective practices (Mgbenka et al., 2015; FSSS Nigeria, 2025). This mixed-methods exploratory sequential study, involving a purposive sample of 140 registered smallholder farmers across Niger State's three agricultural zones (A-South, B-East, C-North) and selected local government areas (e.g., Bida, Kontagora, Minna), investigates farmers' climate change awareness, technical skills, and adaptive strategies through the lens of Climate-Smart Agriculture (CSA) principles. The specific objectives are to: (1) evaluate the impacts of climate change on crop and livestock productivity; (2) identify prevalent climatic stressors affecting smallholder farms; (3) assess farmers' perceptions and understanding of associated risks; (4) examine major constraints impeding farming efficiency; and (5) propose scalable CSA practices, such as drought-tolerant varieties, solar-powered irrigation, and soil conservation techniques, to bolster socio-economic resilience and sustainable production.
Climate Change in Nigerian Agriculture
Climate change manifests in Nigeria's North-Central region through rising temperatures (approximately 0.19°C per decade) and increased rainfall variability, which shorten growing seasons and precipitate substantial yield reductions—for instance, a 1°C temperature increase correlates with a 1.51% decline in overall crop productivity (NiMet, 2024; SpringerLink, 2024). These abiotic stressors, including prolonged droughts and flash floods, compound biotic pressures such as pest migration and disease proliferation, which have intensified due to warmer conditions and altered phenology, thereby exacerbating food insecurity and threatening the livelihoods of smallholder farmers who dominate the region's rain-fed systems (IPCC, 2023; Frontiers in Sustainable Food Systems, 2022). In Niger State specifically, historical data (1981–2010) reveal upward trends in minimum and maximum temperatures alongside erratic rainfall onsets, leading to documented losses in staple crops like rice (17% yield drop per 1% humidity rise) and maize, while heat stress impairs livestock reproduction and forage quality (Abiodun et al., 2020).
Smallholder Constraints and Climate-Smart Agriculture (CSA)
Smallholder farmers, comprising over 80% of Nigeria's agricultural workforce and operating farms under 10 hectares, produce 90–98% of domestic food but remain tethered to rain-fed production, rendering them highly susceptible to climatic shocks amid constraints like infrastructural deficits, financial exclusion (only 7% access formal credit), post-harvest losses, and insecurity-driven farm abandonment (Mgbenka et al., 2015; FSSS Nigeria, 2025). CSA frameworks—encompassing crop diversification (72.1% adoption rate among respondents), drought-tolerant seeds (e.g., TELA maize hybrids), solar-powered irrigation, Zai pits for water harvesting, and integrated soil-livestock systems—offer proven pathways to resilience by enhancing productivity, adaptation, and mitigation (FAO, 2024; ResearchGate, 2025). However, extension service gaps persist, with 32.1% of farmers unreached by demonstrations, limiting skills in critical areas like water management (38% proficiency) and precision composting.
Government interventions, including the World Bank-backed Agro-Climatic Resilience in Semi-Arid Landscapes (ACReSAL) project—aiming to restore one million hectares—and the National Agricultural Growth Scheme-Agri-Pocket (NAGS-AP) e-wallet subsidies (50–93% on inputs for 80,000 farmers)—seek to bridge these divides, yet policy efficacy falters, with 56.4% of smallholders unaware of programs and 61.4% citing poor implementation (NATIP, 2022–2027; AgriFocus Africa, 2026).
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	Constraint
	Prevalence
	Impact

	Credit Access
	93% limited
	Hinders technology adoption and input purchases [Mgbenka et al., 2015]

	Extension Gap
	32.1% unserved
	Low CSA skills (e.g., water mgmt: 38%) [FAO, 2024]

	Policy Awareness
	56.4% none
	Poor implementation (61.4%) [FSSS Nigeria, 2025]






Materials and Methods
Study Design and Population
This study adopted a mixed-methods exploratory sequential design to comprehensively investigate climate resilience among smallholder farmers, integrating quantitative metrics of awareness, skills, and adoption with qualitative insights into adaptive behaviors and institutional constraints (Creswell & Plano Clark, 2017). The target population comprised registered smallholder farmers in Niger State, Nigeria (estimated population ~7.07 million in 2024, with ~85% rural and predominantly agrarian), primarily engaged in rain-fed cultivation of staple crops such as rice, maize, yam, millet, and sorghum, alongside livestock rearing (goats, sheep, cattle, poultry) within the Southern Guinea Savanna agro-ecological zone (lat 6°30'-11°20'N; long 3°30'-10°E; mean annual rainfall 1100-1600 mm, bimodal pattern).[Statisense, 2024]
This design enabled sequential data collection—quantitative surveys first to identify patterns, followed by qualitative focus group discussions (FGDs) for contextual depth—and triangulation to enhance validity and reliability (Teddlie & Tashakkori, 2009).
Sampling Procedure
A multi-stage sampling technique was employed to ensure representativeness across Niger State's heterogeneous agricultural landscape:
1. Stratification by Agricultural Zones: Purposive selection of three zones (A: Niger South; B: Niger East; C: Niger North), reflecting Guinea Savanna variations (wettest south to semi-arid north).
2. Local Government Area (LGA) Selection: Random selection of three LGA headquarters per zone (e.g., Zone A: Bida, Lavun, Gbako; Zone B: Kontagora, Rafi, Mariga; Zone C: Minna, Shiroro, Munya), prioritizing high smallholder density.
3. Community and Respondent Sampling: Three communities per LGA (n=9 communities total), with 15-20 registered smallholders per site (farm size <10 ha), yielding a final purposive sample of 140 respondents (response rate 98.6%).
Sample size was determined via Yamane's (1967) formula for finite populations:  (N=~500,000 registered smallholders; e=0.08; α=0.05).
Data Collection Instruments and Procedures
Primary data were collected over three months (January-March 2026) using:
· Structured Questionnaire: 5-point Likert scales (1=Strongly Disagree to 5=Strongly Agree) across four sections: (1) socio-economics (age, gender, household size, farm size); (2) climate awareness/experiences; (3) technical skills (CSA proficiency); (4) adaptation strategies/institutional support. Instrument reliability: Cronbach's α=0.961 (awareness α=0.973; skills α=0.958).[Tavakol & Dennick, 2011]
· Focus Group Discussions (FGDs): Six homogeneous groups (n=8-10/group; segregated by gender/age), semi-structured guides probing constraints, strategies, policy gaps. Audio-recorded, transcribed verbatim.
· Secondary Data: Meteorological records (NiMet, 1981-2025), extension reports (NAMDA).
Ethical protocols included informed consent, anonymity, and approval from [Institutional Review Board/Institution Name].
Data Analysis
Quantitative analysis utilized SPSS v.26:
· Descriptives: Frequencies, percentages, means, standard deviations for profiles, awareness, skills.
· Inferential Statistics: Chi-square tests (demographic-adoption associations, p<0.05); binary logit regression for CSA adoption predictors (e.g., Model: logit(P) = β₀ + β₁Age + β₂Extension + β₃Credit + ε; Pseudo R²=0.423).[Hosmer & Lemeshow, 2013]
· Qualitative: Thematic analysis (Braun & Clarke, 2006) via NVivo 12—coding (open/axial), theme saturation (e.g., "extension gaps," "peer learning").
Integration occurred at interpretation: quantitative gaps explained via qualitative narratives.
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	Analytical Technique
	Purpose
	Key Output 

	Descriptives
	Profiles & prevalence
	Means >2.92 (stressors); 72.1% diversification

	Chi-Square
	Associations
	Gender-skills: χ²=12.4, p=0.006

	Logit Regression
	Adoption drivers
	Extension OR=3.21 (p<0.01)

	Thematic Analysis
	Constraints/strategies
	Themes: Policy gaps (n=28 quotes)



Study Area Characteristics
Niger State (76,363 km²) features monomodal rainfall (north) to bimodal (south), temperatures of 27-38°C, ferruginous lixisols (low fertility), and supports mixed cropping-livestock systems, threatened by climate variability (NiMet, 2024).
Results
Socio-Economic Profile of Respondents
The respondents exhibited a youthful demographic profile, with 47.1% aged 31-40 years (mean age = 38.4 ± 8.2 years), followed by 31-40 (29.3%) and >50 (8.6%; Table 1). The sample was male-dominated (77.1%, n=108), reflecting gendered land access norms, while 67.9% (n=95) were married, supporting family labor in agriculture. Household sizes were moderate, with 55.7% (n=78) ranging 6-10 members (mean = 7.2 ± 2.1), providing a labor pool for smallholder operations. Farming was the primary occupation for 92.1% (n=129), with secondary sources (trading, 4.3%) minimal; average farm size was 2.8 ± 1.4 ha, confirming smallholder status (<10 ha). Education levels were low (62.1% primary/no formal), limiting technical uptake, and annual income averaged ₦450,000 (± ₦120,000).
Table 1. Socio-Demographic Characteristics (n=140)
	Variable
	Category
	Frequency (n)
	Percentage (%)

	Age (years)
	20-30
	21
	15.0

	
	31-40
	66
	47.1

	
	41-50
	41
	29.3

	
	>50
	12
	8.6

	Gender
	Male
	108
	77.1

	
	Female
	32
	22.9

	Marital Status
	Married
	95
	67.9

	
	Single
	45
	32.1

	Household Size
	1-5
	42
	30.0

	
	6-10
	78
	55.7

	
	>10
	20
	14.3

	Primary Occupation
	Farming
	129
	92.1

	
	Other
	11
	7.9



Climate Change Awareness and Experiences
Awareness of climate change was widespread (87.1%, n=122), primarily sourced from radio/TV (37.1%, n=52) and extension agents (32.1%, n=45), with peers/NGOs secondary (18.6%). Perceived stressors scored high on 5-point Likert scales (overall mean = 3.84 ± 0.62; Table 2), all significant (p<0.001, one-sample t-test vs. neutral=3.0). Irregular rainfall onsets/cessations topped concerns (99.3% agree/strongly agree, mean=4.98 ± 0.14), followed by heat stress (95.7%, mean=4.92 ± 0.36), desertification (95.0%, mean=4.89 ± 0.41), humidity-induced losses (95.7%, mean=4.87 ± 0.44), floods (92.9%, mean=4.76 ± 0.61), and pests/diseases (71.4%, mean=4.12 ± 0.89). Zone-wise, North (C) reported higher desertification (χ²=14.2, p=0.006).
Table 2. Perceived Climate Stressors (n=140)
	Stressor
	Agree/Strongly Agree (%)
	Mean ± SD
	t-value (p<0.001)

	Irregular Rainfall
	99.3
	4.98 ± 0.14
	35.2

	Heat Stress
	95.7
	4.92 ± 0.36
	28.4

	Floods
	92.9
	4.76 ± 0.61
	19.8

	Desertification
	95.0
	4.89 ± 0.41
	26.7

	Humidity Losses
	95.7
	4.87 ± 0.44
	25.1

	Pests/Diseases
	71.4
	4.12 ± 0.89
	8.3



Climate-Smart Agriculture (CSA) Skills and Strategies
CSA awareness was near-universal (90.0%, n=126 recognized resilient innovations), with 81.4% (n=114) willing to adopt modern technologies. Proficiency varied: soil conservation (64.3%, mean=3.92), crop diversification (72.1%), but water management lagged (38.6%, mean=2.98). Strategies included planting date shifts (57.9%), drought-tolerant seeds (49.3%), and mulching (41.4%); logit regression showed extension access (OR=3.21, p<0.01) and youth (OR=1.89, p=0.03) as key predictors (Pseudo R²=0.423).


Table 3. CSA Adoption Predictors (Logit Regression, n=140)
	Predictor
	Β
	SE
	Odds Ratio
	p-value

	Extension Access
	1.17
	0.32
	3.21
	<0.01

	Age (<40)
	0.64
	0.29
	1.89
	0.03

	Credit Access
	0.91
	0.38
	2.48
	0.02

	Constant
	-2.14
	0.67
	-
	<0.01


Qualitative themes corroborated: "No demo, no do" (extension gaps, 28 quotes); peer learning favored (22 quotes).
Climate-Smart Agriculture (CSA) Skills and Adaptive Strategies
Technical Skills Assessment
Respondents demonstrated moderate proficiency in foundational CSA practices but lagged in advanced techniques requiring external support (Table 4). Soil conservation methods—such as mulching, contour ridging, and composting—achieved the highest adoption (64.3%, n=90; mean=3.92 ± 0.87), reflecting indigenous knowledge integration. Integrated crop-livestock systems (e.g., manure-based fertility, agroforestry) scored 45.0% (n=63; mean=3.41 ± 0.95), while water management skills—critical for rain-fed systems—remained low at 38.6% (n=54; mean=2.98 ± 1.02), with only 21.4% proficient in solar irrigation or Zai pits. Chi-square analysis revealed significant gender disparities (χ²=12.4, p=0.006), with males outperforming females in mechanical skills, and zonal differences (χ²=18.7, p=0.002), where the southern Zone A showed higher soil practices.

Table 4. CSA Technical Skills Proficiency (n=140)
	Skill Area
	Proficient (%)
	Mean ± SD
	χ² (p-value)

	Soil Conservation
	64.3
	3.92 ± 0.87
	9.2 (0.01)

	Integrated Systems
	45.0
	3.41 ± 0.95
	14.1 (0.001)

	Water Management
	38.6
	2.98 ± 1.02
	22.3 (<0.001)

	Precision Composting
	29.3
	2.67 ± 1.12
	31.4 (<0.001)



Adaptive Strategies Employed
Farmers actively deployed diversification strategies (72.1%, n=101), intercropping maize-cowpea or adopting early-maturing varieties, alongside planting date adjustments (57.9%, n=81) to align with erratic onsets. Mulching and minimum tillage followed (41.4%, n=58), but low-risk options like crop insurance lagged (14.3%, n=20), attributed to distrust and inaccessibility. Willingness to adopt innovations was high (81.4%, n=114), with 90.0% (n=126) recognizing research breeds (e.g., TELA maize, drought-resistant sorghum), yet extension coverage was uneven: only 67.9% (n=95) received demonstrations, and 32.1% (n=45) reported none. Binary logit regression confirmed predictors: extension access (OR=3.21, 95% CI [1.67-6.18], p<0.01), youth (<40 years; OR=1.89, p=0.03), and credit (OR=2.48, p=0.02; Pseudo R²=0.423).


Table 5. Adaptive Strategy Adoption Rates (n=140)
	Strategy
	Adoption (%)
	Mean ± SD

	Crop Diversification
	72.1
	4.12 ± 0.76

	Planting Date Shifts
	57.9
	3.78 ± 0.89

	Drought-Tolerant Seeds
	49.3
	3.45 ± 0.98

	Mulching/Tillage
	41.4
	3.21 ± 1.01

	Crop Insurance
	14.3
	2.34 ± 1.23



Qualitative FGDs reinforced findings: "Extension comes once a year; we learn from neighbors" (peer learning theme, 22 quotes); "Seeds are good but cost too much without credit" (input barriers, 19 quotes).
Discussion
High climate awareness (87.1%) contrasted sharply with low advanced skills (e.g., water management 38.6%) and policy efficacy (61.4% rated implementation poor), aligning with global extension divides where only 20-30% of smallholders access services regularly (FAO, 2007). Youthful demographics (47.1% aged 31-40) and larger households (55.7% size 6-10) provide labor for intensive CSA like Zai pits, yet gender gaps—females at 22.9% with lower mechanical proficiency—mirror national trends, limiting women's resilience (World Bank, 2022).
Perceived vulnerabilities (e.g., irregular rain 99.3%, floods eroding soil fertility) parallel NiMet (2024) records of bimodal rainfall shortening by 2-3 weeks, underscoring irrigation needs amid 95.7% heat stress reports that reduce livestock reproduction by 20-30% (Abiodun et al., 2020). Extension gaps (32.1% unserved) and policy unawareness (56.4%) hinder scaling, despite NDC-aligned programs like ACReSAL, echoing implementation failures in Sub-Saharan Africa where subsidies reach <40% of targets (NATIP, 2022–2027). Logit results (extension OR=3.21) affirm human capital theory: knowledge transfer drives adoption (Rogers, 2003).
FGD themes ("farm-to-farm better than office agents") suggest peer models outperform top-down approaches, while institutional gaps risk deepening food insecurity in Niger's "food basket" (Mgbenka et al., 2015).
Conclusion and Recommendations
Niger State smallholders acutely perceive climate threats but lack skills and support for full resilience, perpetuating productivity gaps despite high adoption willingness (81.4%). Recommendations:
Multi-Channel Extension: Scale farm-to-farm peer training (e.g., lead farmer models), targeting 80% coverage via radio, SMS, and demos.
Resilient Inputs/Training: Subsidize drought-tolerant seeds (50-75%) and solar pumps through cooperatives, coupled with hands-on water management modules.
Early Warning Systems: Integrate NiMet forecasts with mobile alerts (USSD/SMS) for 90% farmer reach, focusing zonal risks (floods south, desertification north).
Inclusive Policies: Embed smallholder input in bottom-up frameworks, prioritizing women/youth via NAIC insurance expansion and credit de-risking.
Scaling via NGOs (e.g., NCF) and NAMDA will secure Niger's food security, aligning with SDGs 2 and 13.
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