Gendered and Socio‑economic Drivers of Climate‑Smart Agritech Adoption among Smallholder Farmers in Northeast Nigeria
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ABSTRACT 
	This study aimed to assess the awareness, adoption, and socio‑economic and gender determinants of selected climate‑smart agritech practices among smallholder farmers, and to examine how entrepreneurial orientation and resilience shape farmers’ adaptive capacity to climate change.The study was conducted in Adamawa State, Northeast Nigeria, across 36 farming communities in nine local government areas, covering four agricultural zones. Data collection was undertaken during the 2023/2024 agricultural season. A multistage sampling technique was used to select 543 arable smallholder farmers. Primary data were collected through face‑to‑face interviews using a semi‑structured questionnaire administered with Open Data Kit (ODK). The study assessed adoption of climate‑smart practices including intercropping, certified seeds, organic fertilizers, agroforestry, conservative tillage, gender‑inclusive practices, and use of weather information. Descriptive statistics were used to estimate awareness and adoption rates, while chi‑square tests were applied to examine associations between adoption and socio‑economic variables (gender, age, marital status, and education) at a 95% confidence level (P =.05). Intercropping recorded the highest awareness (83%) and adoption (78%), followed by organic fertilizer (75%) and certified seeds (70%). Adoption of agroforestry (27%) and weather information services (34%) was very low. Chi‑square analysis showed that education significantly influenced adoption of agroforestry and weather information (P =.05), while gender, age, marital status, and education were all significantly associated with adoption of certified seeds. Entrepreneurial orientation findings revealed strong innovativeness and proactiveness, with 49% of farmers open to trying new practices, though risk aversion constrained investment in resource‑intensive CSA practices. Only 53% of farmers reported preparedness to absorb climate‑related shocks, with notable gender and spatial disparities. The study concludes that while smallholder farmers demonstrate high innovative potential, adoption of climate‑smart agritech is constrained by risk aversion, gendered inequalities, and uneven access to education and services. Targeted, gender‑responsive, and location‑specific interventions are required to strengthen adaptive capacity and climate resilience among smallholder farmers. 
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1. INTRODUCTION 
It has been estimated that the world population may hit 9.7 billion by 2050, which will require a 70% increase in agriculture production to feed. At the same time, the globe is faced with the challenges of global climate change (FAO, 2017). Agriculture plays a large role in Africa’s economy with about 70% of the continent’s population practicing farming for his or her livelihoods while they equally sleep in the agricultural areas. It is reported that over 80% of Nigeria’s farmers are smallholder farmers (Kangogo et al., 2021). These smallholder farmers (SHFs) account for over 90% of Nigeria’s agricultural produce. Agriculture contributed 22% to the GDP of Nigeria in the first quarter of  which increased to almost 30%  in the third quarter of 2021, a rise of about 60% compared to the previous quarter (Kangogo et al., 2021). Hence, the importance of this sector in providing employment and motivating economic processes in an exceedingly developing nation like Nigeria cannot be undermined. 
Smallholder agriculture underpins food security and rural livelihoods across sub‑Saharan Africa, yet remains highly vulnerable to climate variability due to reliance on rain‑fed systems, land degradation, and limited access to adaptive technologies (FAO, 2017). In Nigeria, smallholder farmers account for the majority of agricultural production, but face increasing exposure to erratic rainfall, heat stress, and pest pressures that undermine productivity and incomes (FAO & ICRISAT, 2019).
Climate‑smart agriculture (CSA) has emerged as a central framework linking climate adaptation and development by promoting practices that enhance productivity, resilience, and environmental sustainability (FAO, 2017). However, adoption of CSA technologies across Africa remains uneven, reflecting socio‑economic constraints, institutional weaknesses, and gendered disparities in access to resources (Pannell & Claassen, 2020; Jost et al., 2016). Agritech solutions such as improved seeds, climate information services, and resource‑efficient practices offer potential to reduce climate risk, yet their uptake depends on farmers’ capabilities and access to enabling services. 
Technology adoption in smallholder systems is influenced not only by technical attributes but also by farmers’ perceptions, risk preferences, and access to information and support services (Pannell & Claassen, 2020). Practices that align with existing systems and require limited upfront investment such as intercropping are more readily adopted than knowledge‑intensive or capital‑demanding options like agroforestry and digital climate services (Kangogo et al., 2021).
Gender plays a critical role in shaping adoption outcomes. Women farmers often face constraints related to land tenure, education, extension access, and decision‑making power, limiting their ability to adopt climate‑smart technologies despite their central role in food production (Jost et al., 2016). Education further mediates adoption by influencing farmers’ ability to access, interpret, and apply agronomic and climate information, particularly for digital agritech. This study conceptualizes climate‑smart agritech adoption as the outcome of interactions between farmer characteristics (gender, age, education, marital status), technology attributes, and enabling systems such as extension and information services (FAO & ICRISAT, 2019).
Adamawa State in northeastern Nigeria presents a critical context for examining these dynamics, given its high agricultural dependence and exposure to climate variability. Despite policy interest in CSA, empirical evidence on how smallholders in the state adopt climate‑smart agritech and how gender and education shape adoption remains limited. This study addresses this gap by analyzing adoption patterns and socio‑economic determinants of selected climate‑smart agritech practices, contributing evidence to debates on inclusive climate adaptation and development.

2. RESEARCH METHODS
2. 1 The study Location
Adamawa State lies in northeastern Nigeria within the Guinea and Sudan savannah agro‑ecological zones. Agriculture is predominantly small‑scale and rain‑fed, with crop production forming the main livelihood source for most households (FAO & ICRISAT, 2019).
2. 2 Sampling Technique and Approach
A multistage sampling technique was employed. The structuring of Adamawa State into four (4) agricultural zones by the Agricultural Development Project (ADP) of the State was adopted from where LGAs, wards, communities, and target farmers were randomly selected. 
The first stage of the sampling technique involved the purposive selection of agricultural zones as structured by the Agricultural Development Project (ADP) of Adamawa State (FAO, 2017). The LGAs in each of the four (4)  zones are:
1. Zone I: Mubi-North, Mubi-South, Maiha, Madagali and Michika LGAs
2. Zone II: Gombi, Hong, Song, and Girei LGAs
3. Zone III: Fufore, Yola-North, Yola-South, Mayo-Belwa, Jada, Ganye and Toungo
4. Zone IV: Guyuk, Shelleng, Lamurde, Numan, and Demsa LGAs. 
The second sampling stage involved the random selection of 40% of the LGAs from each of the four (4) agricultural zones. The random selection of Wards within the LGAs selected formed the third sampling stage. Two (2) wards were randomly selected from each of the LGAs selected for the study which resulted in a total of eighteen (18) wards across the nine (9) LGAs randomly selected from the four (4) zones (FAO, 2017). 
The fourth stage involved the random selection of two (2) farming communities from each of the eighteen (18) wards which resulted in a total of thirty-six (36) farming communities. In the fifth stage, a minimum of fifteen (15) farmers (respondents) were randomly chosen from the thirty-six (36) farming communities that were previously selected at random which gives a total of about 543 farmers (respondents) that participated in the study. The data collection approach ensured at least 75% coverage in each of the thirty-six (36) communities.   

2.3 Data Collection and Analysis
Primary data were collected through a semi-structured questionnaire using a face-to-face interview technique using an Open Data Kit. The Research Assistants (RAs) who collected the data were deliberately recruited from the sampled LGAs to ensure there were no barriers in terms of language, community entry, and acceptance. Before engaging the farmers, the RAs contacted and visited the local community leaders, provided an explanation of the study, and gained permission to work in each of the Wards. The RAs selected the target farmers at random, taking the first household and counting to the next fifth household after the first household was interviewed. The study assessed adoption of the following practices:
1. use of weather and climate information
2. certified/improved seeds
3. gender‑inclusive production practices
4. intercropping
5. use of organic fertilizers
6. agroforestry
7. conservative tillage practices.
Descriptive statistics were used to summarize awareness and adoption. For the study, the adoption rate was used which is based on the percentage of adopters of each of the climate-smart agritech practices in the total sampled pool of farmers (Pannell & Claassen, 2020). The following criteria were used to rank the rate of adoption of each of the climate-smart agritech practices: 
1. Adoption rate of and/ or greater than 70% 	= very high 
2. Adoption rate within 60 to 70% 			= high 
3. Adoption rate within 50 to 59% 			= fairly high
4. Adoption rate within 40 to 49% 			= fairly low 
5. Adoption rate below 40% 	   		= very low.

Further analysis of the data (to determine the relationship between adoption rate socio-economic characteristics of the farmers) was done using the Chi-square analysis at (P = .05) 95% level of significance. The Chi-square Statistic was used to analyze the data using formula: X2 = X2 (fe-f0)2/fe
Where 	X2   = Chi Square, fe = expected frequency and f0 = observed frequency.
The use of Chi Square test helps decide whether the variables studied (dependent or independent) are related in any way. This test also determined if a conspicuous discrepancy exists between the observed and expected counts (Kangogo et al., 2021). It was employed as an analytical method to test whether the explanatory variables were related among the adopters and non-adopters. Attribute was considered statistically significant to adoption of the climate-smart agritech practices if Chi value> critical value. Attribute was considered statistically not significant (insignificant) to adoption of agroforestry if Chi-Square value < critical value at 95% level of significance. 
   
3. RESULTS AND DISCUSSION
3.1 Socio‑economic Characteristics of Farmers
The results of the farmers socio-economic characteristics as presented in Table 1 below shows that the farmers were largely young to middle‑aged, married, small‑scale farmers with low income and moderate educational attainment. the farmers’ mean age of 36 years, with the majority (65%) falling within the economically active age bracket of 25–44 years. Females slightly outnumbered males (51% versus 49%). Most respondents were married (62%), indicating a predominantly family‑oriented population.Household sizes were relatively large, with an average of seven persons per household, and over one‑third of respondents reported households of seven members or more. Educational attainment was generally low to moderate, as half of the respondents had secondary education, while only 24% attained tertiary education and 9% had no formal education. Farming was the dominant occupation, with crop farming accounting for 51% of respondents, reflecting the agrarian nature of the study area. Income levels were generally low, as 70% of households earned below ₦50,000 per month. 

Table 1: Socio‑economic Characteristics of Farmers (Respondents) (N = 538)
	Characteristic
	Category
	Percentage (%)

	

Age (years)
	15–24
	12

	
	25–34
	36

	
	35–44
	29

	
	45–54
	17

	
	≥55
	6

	Mean age (years)
	–
	36

	
Gender
	Male
	49

	
	Female
	51

	

Marital status
	Married
	62

	
	Single
	31

	
	Widowed
	4

	
	Divorced/Separated
	3

	
Household size (number of persons)
	≤4
	30

	
	5–6
	32

	
	≥7
	38

	Mean household size
	–
	7

	

Education level
	No formal/Islamic
	12

	
	Primary
	13

	
	Secondary
	50

	
	Tertiary
	24

	
Main occupation
	Crop farming
	51

	
	Business/Trading
	17

	
	Civil service
	11

	
	Unemployed
	15

	
	Others
	6

	
Monthly household income (₦)
	<50,000
	70

	
	50,000–100,000
	28

	
	>100,000
	2


Source: Field survey data (2023/2024)
3.2 Awareness and Adoption of Climate‑smart Agritech Practices by Farmers
Table 2 shows that intercropping recorded the highest awareness (83%) and adoption (78%), reflecting its compatibility with existing practices. The high adoption rate recorded for intercropping agrees with similar studies. A study in Nigeria (Delta State) found that intercropping was the most adopted climate-smart agriculture (CSA) practice, with an adoption rate of 74.6%, followed by cover cropping (30.4%) and minimal tillage (23.6%) (Nwokobia and Ayoola, 2025). Research on farming in sub-Saharan Africa shows that farmers often have high awareness (often >90%) of traditional practices like intercropping, leading to adoption rates often exceeding 75–80% (Midamba et al., 2024). Additionally, studies in Rwanda and Uganda confirm that coffee-banana intercropping is highly favored because it fits within the existing traditional farming system, is viewed as low-risk, and offers continuous income and food security (Madsen et al., 2020).
Adoption of certified seeds and organic fertilizers was moderate, while agroforestry (27%) and climate information services (34%) remained poorly adopted (Table 2). The moderate adoption of certified seeds and organic fertilizers were reported in previous studies indicating that the adoption of certified seeds is often moderate and constrained by cost and accessibility, rather than a lack of awareness, especially in Africa. While highly recognized, the adoption of organic fertilizer can be moderate due to its "bulkiness, labor intensity, and transport costs". However, in areas with subsidized chemical fertilizer availability, organic fertilizer adoption is sometimes low, and where not subsidized, moderate as reported by Ayanwale et al. (2025).
Table 2. Awareness and Adoption of Climate‑Smart Practices (n = 543)
	Climate Smart Agritech Practices
	Awareness Rate (%)
	Adoption Rate (%)

	Intercropping
	83
	78

	Organic fertilizer
	76
	75

	Certified seeds
	75
	70

	Conservative Tillage
	63
	63

	Weather information
	34
	34

	Agroforestry
	27
	27


Source: Field survey data (2023/2024)
Similar studies confirm that agroforestry is often poorly adopted compared to intercropping, with adoption rates in some African regions reported as low as 10–12% for specific systems like fruit tree integration (Oduniyi and Tekana, 2019). Research on climate-resilient practices frequently notes that, despite high interest, the practical adoption of specialized climate information services remains low due to poor dissemination and lack of technical knowledge as reported by Collins et al. (2023) which agrees with the findings of this study. 
[bookmark: _kmbb0vjkxtoy]3. 3 Socio‑economic Determinants of Adoption
[bookmark: _18z8ka286a27]Chi‑square analysis (Table 3) indicates that education significantly influenced adoption of weather information services and agroforestry. Gender, age, marital status, and education were all significantly associated with adoption of certified seeds, while marital status and education influenced adoption of gender‑inclusive practices.
Table 3. Socio‑economic Factors Associated with Adoption (P = .05)
	Climate Smart Agritech Practices
	Gender
	Age
	Marital status
	Education

	Organic fertilizer
	–
	✔
	✔
	–

	Certified seeds
	✔
	✔
	✔
	✔

	Conservative Tillage
	–
	✔
	✔
	–

	Gender‑inclusive practices
	–
	–
	✔
	✔

	Weather information
	–
	–
	–
	✔

	Agroforestry
	–
	–
	–
	✔


Source: Field survey data (2023/2024)
The findings reveal uneven adoption of climate‑smart agritech among smallholders in the study area shaped by socio‑economic and gendered constraints. High uptake of intercropping aligns with evidence that farmers prioritize familiar, low‑risk strategies in contexts of limited institutional support (Kangogo et al., 2021). In contrast, low adoption of agroforestry and climate information services reflects education gaps, limited extension outreach, and constrained access to information particularly among women farmers. 
Gender disparities observed in adoption of improved seeds and information‑based technologies are consistent with broader literature showing that unequal access to resources and services reduces women’s adaptive capacity (Jost et al., 2016). Empirical studies from multiple Nigerian states show that gender significantly influences climate adaptation choices and outcomes, with men more likely to access improved seeds, fertilizer, and extension services, while women rely more on indigenous knowledge and social networks (Ibrahim et al., 2025). Without gender‑responsive intervention design, agritech‑driven CSA risks reinforcing existing inequalities rather than advancing inclusive resilience. 
Gender roles shape exposure to risk and adaptive capacity. In most Nigerian farming systems, men and women play different roles along agricultural value chains and these roles affect how climate and economic shocks are experienced and managed. Climate shocks such as droughts, floods, delayed rainfall affect men’s and women’s livelihoods differently and require distinct adaptation strategies. The results of the study shows the need for CSA policies that integrate social inclusion with technology delivery approaches. Bundling agritech with extension support, adult education, and tailored outreach can enhance adoption and strengthen climate adaptation outcomes (FAO, 2017; FAO & ICRISAT, 2019). Programmes that ignore gender differences risk supporting only part of the farming system and undermining overall household resilience to climate-induced shocks.
Structural gender inequalities limit women’s productivity and resilience. Women make up a substantial share of Nigeria’s agricultural workforce yet face systemic constraints that reduce their productivity and ability to cope with shocks. World Bank analysis shows that women farmers in Nigeria produce about 30% less per hectare than men, not due to lower skill, but because they use fewer inputs, cultivate lower‑value crops, and receive less public support. FAO and CGIAR data further estimate a 47% labour productivity gap between male and female farm managers (World Bank, 2023; Paul, 2023 Enemali, et al., 2024). Resilience outcomes improve when women are specifically targeted. Evidence from Nigeria shows that closing gender gaps enhances resilience and food security (Olohunlana, 2026). Resilience programmes that are not gender‑responsive may unintentionally reinforce these inequalities, reducing their effectiveness and economic impact.
3.4 Entrepreneurial Orientation (EO) of the Farmers
Entrepreneurial Orientation (EO) reflects innovativeness, proactiveness, and risk‑taking is an important driver of adaptive capacity among smallholder farmers. The results (in Table 4) indicate strong innovative and proactive tendencies: most of the farmers (49%) are open to trying new practices, actively seek updated farming information, and respond quickly to changes in their farm environment, placing many in the early‑adopter category and suggesting a high likelihood of adopting climate‑smart agritech practices. However, this positive orientation is moderated by risk aversion, as a substantial proportion of the farmers were reluctant to commit additional investment under uncertain environmental conditions, potentially constraining uptake of resource‑intensive CSA practices. 
In terms of resilience, just over half (53%) of the target farmers reported preparedness to absorb climate‑related shocks, with notable gender and spatial variation higher preparedness among males and in LGAs such as Fufore and Demsa, and lower preparedness in Mubi South and Numan highlighting uneven adaptive capacity across locations and the need for targeted, context‑specific support and interventions aimed at building farmers resilience to climate-induced shocks and stressors.
 Table 4. The Farmers Entrepreneurial Orientation (EO: n=538)
	Perception about the Farmers EO
	Strongly Disagree
	Disagree
	Undecided
	Agree
	Strongly Agree
	Total

	I prefer to stick to my current farming practices rather than trying new ones
	18%
	31%
	23%
	11%
	17%
	100%

	With the current challenging farming environment, I prefer to avoid further investment on my farm
	12%
	23%
	22%
	29%
	14%
	100%

	I am always ready to try new farming practices
	1%
	2%
	16%
	47%
	34%
	100%

	I like to use new farming practices 
	1%
	1%
	11%
	48%
	38%
	100%

	I often improve my farming practices
	1%
	1%
	14%
	47%
	37%
	100%

	I like to have the latest information on farming practices
	1%
	1%
	11%
	43%
	44%
	100%

	I respond more quickly to changes in the environment of my farm compared to other farmers 
	0%
	3%
	17%
	46%
	33%
	100%

	I am among the first farmers to adopt new farming practices in my area
	4%
	12%
	22%
	32%
	29%
	100%


Source: Field survey data (2023/2024)
4. CONCLUSION 
Climate‑smart agritech adoption among smallholder farmers in Adamawa State is socially differentiated. While intercropping and organic fertilizer use are widely adopted, uptake of agroforestry and climate information services remains limited by education and gendered access barriers. Effective climate adaptation strategies must therefore move beyond technology promotion to address enabling conditions for adoption. 
Resilience to climate shocks and stressors remains uneven, with only about half of farmers prepared to absorb climate‑related stressors and clear gender and spatial disparities across LGAs, underscoring structural differences in access to resources, information, and support system. Policy efforts should prioritize gender‑responsive extension, improved access to climate information, and education‑linked agritech delivery models. Such approaches are essential for enhancing adaptive capacity, reducing vulnerability, and supporting climate‑resilient rural development in Nigeria and comparable settings. 
Nigeria’s farming systems, agro‑ecological, socio‑economic, and conflict contexts are highly context‑specific and vary widely. Climate risks, market access, gender norms, and livelihood strategies differ across these contexts, meaning “one‑size‑fits‑all” resilience interventions often fail. FAO and CGIAR emphasize that resilience must be locally led and context‑specific, considering ecology, conflict dynamics, institutions, and social norm. Programmes should be tailored to local realities to be relevant, accepted, and sustainable. Beyond social equity, there is a strong economic case and policy rationale for inclusive, tailored programmes. The World Bank estimates that closing gender productivity gaps in agriculture could add up to 2% to Nigeria’s GDP annually (Olohunlana, 2026). Gender‑equitable budgeting and context‑responsive programming improve returns on public investment and donor funding. Inclusive, context‑specific resilience programmes are cost‑effective development.
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