



Assessment of Socio-Economic Characteristics and Availability of Climate-Smart Agriculture (CSA) Technologies among Rice Farmers in Yobe State, Nigeria
Abstract
This study assessed the socioeconomic characteristics and availability of Climate Smart Agriculture (CSA) technologies among rice farmers in Yobe State, Nigeria. A multistage sampling technique was used to select 428 rice farmers across major rice-producing areas in Yobe State. Primary data were collected through structured questionnaires and analyzed using descriptive statistics and multinomial logistic regression. Variables considered included age, sex, marital status, education level, household size, farm size, years of farming experience, extension contact, access to credit, and income levels. The results revealed that the majority (82.7%) of rice farmers were male, with 86.9% married. About 31.3% attained primary education, and 43.9% had household sizes between 6–10 members. Farm sizes ranged mostly between 1–2 hectares (40.7%), and 33.4% had 6–10 years of farming experience. However, only 44.2% had regular extension contact, and 38.3% accessed agricultural credit, showing institutional support gaps. The most available CSA technologies were drought-resistant rice varieties (35%), organic manure use (28%), and efficient water-use practices (25%), while agroforestry and soil mulching were less common. Regression analysis showed that education, extension contact and access to credit significantly influenced access to CSA technologies (p < 0.001). Farmers with tertiary education and larger farm sizes were more likely to adopt multiple CSA technologies. The study concludes that although CSA technologies are gradually diffusing among rice farmers in Yobe State, institutional, financial, and awareness barriers hinder widespread adoption. It thus, recommended that government and NGOs strengthen extension services, facilitate access to affordable credit, and promote tailored CSA innovations. Training programs should also be designed to target less-educated and smallholder farmers to ensure inclusive adoption. These findings provide a baseline for policymakers to design location-specific interventions that will enhance the adaptive capacity of rice farmers in arid zones of Nigeria.
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1. INTRODUCTION.

Agriculture remains the backbone of Nigeria’s economy, providing employment for over 70% of the population and contributing significantly to national food security and income generation (Atobatele et al., 2025; Olu et al., 2023). Agriculture also contributes 27 percent to the country’s Gross domestic Product (GPD) (National Bureau of Statistics [NBS], 2022). Indeed, among staple crops, rice plays a strategic role in achieving food self-sufficiency, especially in northern Nigeria, where population growth continues to increase demand (Saleh et al., 2025; Kamai et al., 2020).
Despite its significance, rice production in Nigeria faces numerous challenges, most notably the adverse effects of climate change (Lunche, et al 2024). Rising temperatures, unpredictable rainfall or erratic rainfall, increasing temperature, increased frequency of droughts, and flooding events have made rice farming more precarious, particularly in the semi-arid northern states such as Yobe  (Omokaro et al., 2025; Adedeji et al., 2017).
To address these challenges, Climate-Smart Agriculture (CSA) has been advocated globally and nationally as a sustainable approach. CSA aims to sustainably increase productivity, enhance resilience to climate shocks, and reduce greenhouse gas emissions (Begna and Wakweya, 2025). Key components include the use of drought-resistant varieties, efficient water-use techniques, soil conservation practices, and improved weather-based decision-making tools (Anas et al., 2025, Mensah, 2021).
However, despite the potentials of CSA, the adoption and availability of the technologies among smallholder farmers remain limited (Popoola et al, 2024). Several socio-economic factors including education level, farm size, income, access to information, and institutional support have been shown to influence farmers’ willingness and capacity to adopt CSA innovations (Olohungbebe, 2025, Anuga et al., 2019). Moreso, Autio et al. (2021) observed that, limited awareness, inadequate access to inputs, and socio-economic constraints serve as an impediment to the adoption and availability of CSA among farmers in the study area.
Yobe State, located in the Sudan-Sahel agro-ecological zone, is particularly vulnerable to climate variability. Despite its potential in rice production through inland valleys and lowland plains, farmers continue to operate under constraints of poor technology diffusion, weak extension systems, and socio-economic limitations (Boso, 2025).
Empirical evidence from similar agro-ecological zones has shown that socio-economic profiling is essential in tailoring CSA interventions (Ewulo et al., 2025). Understanding characteristics such as age, gender, education, household size, and farm size helps identify vulnerable groups and effective dissemination channels (Osei-Kofi et al., 2023).
Therefore, this study seeks to fill a research gap by assessing the socioeconomic characteristics of rice farmers in Yobe State, Nigeria, evaluating the availability of Climate Smart Agriculture (CSA) technologies among rice farmers in the study area and also to analyze the influence of socioeconomic factors on the accessibility and usage of CSA technologies using the Multinomial Logistic Regression Model. The findings are expected to inform policy makers and development partners on how to enhance climate resilience and food security in the region.
2 METHODOLOGY

The study was conducted in Yobe State, Nigeria. Yobe is located in North East Zone Nigeria. The State lies within latitudes 110N and longitude 13.50E. It shares borders with Jigawa and Bauchi State to the West, Borno State to the East, and Gombe state to the South. It also has an international boundary with the Republic of Niger in the North. The State covers a land area of 45,502 Square Kilometers of which about 85% is arable. It has an estimated population of 2,532,395 people (Nigerian Population Commission NPC, 2006). The climate of the area is hot and dry for greater part of the year and the hottest months is March to May with temperature ranging from 390 C to 400 C. The rainy season lasts for about four months between June and September. Majority (85%) of the populace in the State are farmers engaged in production of rice, groundnut, beans, cotton and Gum Arabic. The State is also said to have one of the largest cattle markets in West Africa located in Potiskum. 
This study employed a quantitative approach using a cross-sectional survey to collect primary data from selected units of analysis. A quantitative study is most appropriate for the research in question because, it allows for the measurement of relationships between two variables (Werts et al., 2017).A multistage sampling technique was employed to select the respondents for the study..Three Local Government Areas (Geidam, Jakusko and Bade) of Yobe State were purposely selected because of high concentration of rice farmers. Using Yamane’s formula for sample selection, Four Hundred and Twenty-Eight (428) respondents were randomly selected from the selected villages. Survey questionnaires and interview guides were used for the primary data collection.

Yamane’s formula
n = N / (1 + N(e)^2)  
Where:  
- N = estimated rice farming population (approx. 10000)  
- e = level of precision (0.05)  
This yielded a sample size of 428 respondent
Data collected from the field were analyzed using Descriptive Statistics such as frequencies and percentages and Multinomial Logistic Regression Model (MLRM) to address the objectives of the study.

Multinomial Logistic Regression Model was used to assess the determinants of accessibility and usage of multiple CSA technologies among rice farmers. The outcomes of the model were interpreted using odds ratios and significance levels (p-values) to determine the magnitude and direction of the relationships between each independent variable and the category of CSA technology accessibility. The application of MLRM in similar studies such as in the work of Ehteram and Banadkooki (2023) which has proven effective in understanding farmers’ behavioral responses to agricultural innovations and climate adaptation strategies. The general formula of the multinomial logistic regression model is represented below:
P(Y = j) = exp(β₀j + β₁jX₁ + β₂jX₂ + ... + βkjXk) / Σ[exp(β₀m + β₁mX₁ + β₂mX₂ + ... + βkmXk)]  
Where:  
- P(Y = j) is the probability of outcome category ‘j’  
- β₀j is the intercept for category ‘j’  
- βkj is the coefficient of the k-th predictor variable for category ‘j’  
- X₁, X₂,...Xk are independent variables (socioeconomic characteristics)  
- The denominator is the sum of exponentials over all categories ‘m’
3. RESULTS AND DISCUSSION
The results of this study provide critical insights into the socio-economic dynamics of rice farmers and the availability of Climate-Smart Agriculture (CSA) technologies as well as the influence of socioeconomic factors on the accessibility and usage of CSA technologies among rice farmers in Yobe State, Nigeria. 
3.1 Socio-Economic Characteristics of Rice Farmers in the Study area
Table 1 shows that majority (82.7%) of the respondents are male, while only 17.3% are female.. This aligns with previous findings in northern Nigeria, where agricultural activities, especially in field crop production like rice, are predominantly male-dominated due to socio-cultural factors, land ownership, and access to capital (Abdullahi, 2025, Madaki et al, 2022). This equally aligns with the work of Oluhungbebe et al (2025) who reported that 87.5% of rice farmers in Gwagwalada Area Council, Federal Capital Territory, Nigeria were male and Bashir et al. (2024), who reported that 75% of rice farmers in Taraba State were male. According to Aryal et al (2018) the gender disparity was as the result of fact that male farmers tend to have greater access to land and resources, such access can impact adoption rates of climate smart practices as men often control farm resources and decision making which influence their roles in farming activities. While female participation exists, it is often limited to post-harvest and processing activities. This imbalance highlights the need for gender-sensitive interventions in technology access and capacity building under CSA programs (Beal et al., 2021). The result further shows that; most farmers are within the age bracket of 31–40 years, an economically active group that is likely to adopt innovations. This is consistent with findings of Yap et al. (2025), who noted that younger farmers are more receptive to new technologies. Hence, Younger farmers are also more likely to seek climate-resilient solutions due to their long-term stake in agriculture. The results further reveals that, an overwhelming majority (86.9%) of rice farmers are married. Hence, married individuals often have more responsibilities and may rely on family labor. This also reflects on household dynamics, decision-making, and resource allocation toward sustainable practices (Namanv et al., 2019). From the results, only 17.8% had tertiary education. Hence, limited formal education may impact the ability to comprehend and adopt CSA technologies. Kassa et al. (2022) emphasized that education significantly influences farmers' willingness to adopt CSA practices. More so, Yokamo (2020) equally emphasized that educated farmers are more likely to utilize improved technologies. From the results, a substantial number of respondents (66.8%) have household sizes ranging from 6 to 15 members, indicating a large labor force potentially available for on-farm activities. This is an important factor for Climate Smart Agriculture (CSA) adoption, as labor availability can support time-sensitive practices like mulching, transplanting, or use of organic inputs (Ndibalema et al., 2023). The result equally indicates that; majority of the rice farmers (65.9%) operate on small plots ranging from less than 1 ha to 2 ha, classifying them as smallholder farmers. This is consistent with the national pattern where small-scale farmers dominate the agricultural sector, especially in Northern Nigeria (Ogbanie et al., 2015). Hence, the limited landholding may affect their ability to invest in modern technologies or practice land-intensive CSA techniques (Avele et al., 2024). Also, to further buttress this findings, Sithole and Olorunfemi, (2024) opined that, limited landholding can hinder the adoption of practices like agroforestry or crop rotation that require spatial flexibility. However, even within small plots, practices like mulching and early planting are feasible if well introduced. More so from the results, over 87% of the respondents have more than 5 years of farming experience. This implies a wealth of indigenous knowledge and experience in rice production, which can positively influence the adoption of CSA practices. Prior studies suggest that experienced farmers are more likely to assess and adopt sustainable agricultural innovations (Rizzo et al., 2024). Further, the result indicates that, only 7.2 % earn above N 600,000 monthly, while most of the farmers earn between N200, 000–399,999. This reflects subsistence level of farming with low profitability (Andati et al., 2022). Hence, this moderate income level may affect farmers' ability to invest in new technologies such as Climate Smart Agricultural inputs (CSA) inputs. Income is a key determinant of technology adoption and risk-taking capacity in agriculture (Andati et al., 2022).
Table1. Socio-economic characteristics of respondents n=428
	Variables 
	Frequency 
	Percentages 100% 

	Sex

	Male 
	354
	82.70

	Female 
	74
	17.30

	Age
	
	

	20 – 30
	68
	15.90

	31 – 40
	152
	35.50

	41 – 50
	121
	28.30

	51 and above
	87
	20.30

	Marital Status
	
	

	Married
	372
	86.90

	Single
	56
	13.10

	Level of education
	
	

	No formal education
	97
	22.70

	Primary education 
	134
	31.30

	Secondary education 
	121
	28.30

	Tertiary education 
	76
	17.80

	Household Size
	
	

	 1-  5
	102
	23.80

	 6 – 10
	188
	43.90

	11 – 15
	98
	22.90

	Above 15
	40
	  9.40

	Farm Size
	
	

	Less than 1 ha
	108
	25.20

	1 – 2 ha
	174
	40.70

	2.1 – 3 ha
	  89
	20.80

	Above 3 ha
	  57
	13.30

	Years of Farming experience

	1 – 5
	  52
	12.10

	6 – 10
	143
	33.40

	11-15
	124
	29.00

	Above 15 
	109
	25.50

	Extension contact
	
	

	Yes
	189
	44.20

	No
	239
	55.80

	Access to Credit
	
	

	Yes
	164
	38.30

	No
	264
	61.70

	Income level (monthly) N
	
	

	Less than 200,000
	78
	18.20

	200,000 -299,999
	112
	26.20

	300,000 -399,999
	96
	22.40

	400,00 – 499,999
	68
	15.90

	500,000 -599,999
	43
	10.00

	600,000 and above
	31
	  7.20

	Total 
	428
	100%


Source: Field Survey, 2025
3.2 Availability of Climate Smart Agriculture (CSA) Technologies
Table 2 shows that 35.0% of the respondents adopted the planting of drought resistant rice varieties as their climate smart agricultural technology. This was the maximum available CSA technology among farmers in the study area, suggesting a strong awareness and response to erratic rainfall patterns. This result is in line with the findings of Su et al. (2022) who noted that drought-tolerant crops improve yield stability under water stress. Acevedo et al.  (2023) emphasized that climate-resilient seed adoption is essential for food security and Kolapo and Sieber (2025) equally reported that such varieties reduce vulnerability and enhance productivity. The results further revealed that, Organic manure usage was adopted by 28.0% of the respondents as available CSA technology. This indicates moderate use of environmentally friendly soil fertility management. Hence, organic manure is accessible and cost-effective, often derived from livestock or crop residue. This finding is in consonant with work of Verma et al. (2024) who found that organic manure enhances soil structure and long-term fertility. Also, a research conducted by Orluchukwu et al. (2019) reported that, organic manure is on increase among rice farmers in Nigeria due to scarcity of fertilizer. Ndambi et al. (2019) equally highlighted the role of organic manure in sustainable agriculture in sub-Saharan Africa. Table 3 further shows that efficient irrigation systems recorded (25.0%) among respondents. This is in line with the of Adedayo and Oladele (2014) who found it to be a primary strategy among Nigerian smallholders. Also, Jakhar et al. (2025) identified early planting as low-cost and knowledge-driven. Results on Agroforestry as one of the available CSA technologies is adopted by 19.6% among respondents, which is low. This relatively low availability of agroforestry practices may result from long-term gestation periods and limited extension education in the study area. However, Mohammed and Abdulahi, (2022) found that extension support boosts adoption. More so, Mbow et al. (2014) argued that agroforestry reduces soil erosion and enhances microclimates. Furthermore, results of descriptive analysis reveal that, early planting techniques were noted to be (22.0%). Early planting techniques as an adaptive strategy was moderately available, possibly due to traditional practices or advice from extension agents. Hence, Nazeri et al. (2019) noted and emphasized that early planting reduces exposure to late-season drought. Furthermore, Soil Mulching/Conservation among the available CSA recorded (17.5%).This low percentage suggests knowledge gaps or labor intensity as barriers. The finding is in consonant with work of Jellason et al. (2021) who found that, limited adoption due to labor constraints. El-Beltagi et al. (2022) emphasized that mulching conserves moisture and regulates soil temperature. More so, Saroha et al. (2023) equally advocated that soil mulching/conservation is part of climate-resilient soil management. Descriptive results on the Use of cover crops recorded (15.9%) among respondents. This low usage indicates that farmers may not prioritize off-season soil cover or are unaware of benefits. This is in line with the findings of Obour et al. (2021) who showed that cover crops suppress weeds and build soil health. Blesh et al. (2019) further suggested that bundling cover crops with other practices for uptake. The result on the use of Crop rotation noted (23.6%) among respondents. This indicates fair availability likely resulting from traditional farming knowledge passed across generations. However, Deressa et al. (2009) found crop rotation to improve productivity and reduce pests. Musawi et al. (2025) equally highlighted the role of crop rotation in nutrient cycling. More so, Onoja et al. (2019) identified crop rotation as a foundational CSA practice among farmers. The findings on minimum tillage as one of the CSA technologies identified among respondents noted (16.8%) among respondents. This is very limited. The Limited practice among farmers may be due to mechanization barriers or land preparation preferences. This result is in consonant with the work of Hussain et al. (2021) who stated that minimum tillage reduces erosion and conserves soil carbon. While, Xie et al. (2019) linked minimum tillage practice to sustainable intensification. Hence, Adam and Abdulai, (2023) stressed the need for technical support in minimum tillage adoption. Finally, results on Flood-Tolerant Rice Varieties as CSA technologies was also noted to have recorded (13.8%) among respondents. This low access reflects weak distribution and low level of awareness among farmers. However, its importance is rising with increasing flood events. This result is in line with the work of Mamman et al. (2022) noted low awareness despite high impact potential in Nigerian lowlands is very imperative. However, Oladosu et al. (2020) emphasized and confirmed that flood-tolerant rice can survive submergence up to 14 days. More so, Anumalla et al. (2025) advocated for Sub1 rice varieties in flood-prone areas.  
Table 2: Availability of climate smart agriculture (CSA) technologies among respondents n=428
	CSA TECHNOLOGY AVAILABLE
	FREQUENCY
	PERCENTAGES %

	Drought-resistant rice varieties     
	150
	35.0                

	Organic manure use                   
	121
	28.0

	Efficient irrigation systems         
	107
	25.0

	Agroforestry
	84
	19.6

	Early planting techniques            
	94
	22.0

	Soil mulching/conservation           
	75
	17.5

	Use of cover crops                   
	68
	15.9

	Crop rotation                        
	101
	23.6

	Minimum tillage                      
	72
	16.8

	Flood-tolerant rice varieties        
	59
	13.8


Field Survey, 2025
3.3 Relationship between Socioeconomic Characteristics of Respondents and their level of (CSA) Technology usage in the Study Area 
 From the results in Table 3, the multinomial logistic regression analysis was used to examine how various socioeconomic characteristics of rice farmers influenced their likelihood of accessing/using multiple CSA technologies at three levels: Low, Moderate, and High. The "Low" level of access was set as the reference category. However, the key variables included age, education, farm size, income level, farming experience, extension contact, and access to credit. Below is the detailed interpretation of the results: From the regression results, Age was found to be statistically significant (p < 0.05) in both moderate and high usage categories. The positive coefficient indicates that older farmers are more likely to adopt CSA technologies at higher levels. This aligns with the outcomes of Belay et al. (2022), who reported that increased age is often associated with greater farming wisdom and risk awareness, which encourages the adoption of adaptation strategies among farmers. Results on the level of education reveal a highly significant effect (p < 0.001) on climate smart agricultural technology (CSA) usage among farmers in the study area. Hence, Farmers with higher educational attainment are more than twice as likely (OR = 2.071) to belong to the high CSA usage category compared to those with no formal education. This result supports the conclusions of Jat et al. (2025), who found that education improves awareness and understanding of climate-resilient technologies, leading to higher adoption rates. The regression results on Farm Size equally reveal a strong predictor (p < 0.001) of CSA technology usage among farmers in the study area. Larger farm holders were significantly more likely to adopt multiple CSA technologies (OR = 1.848). This finding is in consistent with the literatures in the work of Ayamga et al. (2016), which suggests that farmers with larger landholdings can better afford and justify investment in technology. The results on income level further reveal a significant positive effect (p < 0.01). That means Farmers earning more than N300, 000 per month were more inclined to adopt CSA practices compared to lower-income counterparts. This finding is supported by Shikwambana et al. (2022), who reported that financial capacity enhances the ability to implement costly adaptation strategies. More so, from the results farming experience was significant (p < 0.01), indicating that more experienced farmers are more likely to adopt CSA technologies. Hence, experienced farmers are typically more aware of environmental changes and are more receptive to innovation (Roussy et al., 2017). Results on extension contact was highly significant (p<0.001), with an odds ratio of 2.194 for high usage. This implies that farmers who had regular contact with extension agents were more than twice as likely to access and apply CSA technologies. This result was supported by the work of Olorunfemi et al. (2020), who emphasized the vital role of extension in disseminating climate-smart knowledge and technologies. Results on Access to credit had a significant impact (p < 0.001).  Farmers with credit access had a 2.1 times higher likelihood of high-level CSA technology usage. This reflects findings by Sardar et al. (2021), highlighting the importance of financial inclusion in technology adoption.
Table: 3 Multinomial logistic regressions for level of CSA Technology usage among respondents
	VARIABLES
	Moderate Vs Low (B)
	Sig.
	High vs.  Low (B)
	Sig.
	Odds Ratio (exp (B) High vs. Low

	Age
	0.089
	0.048⁎
	0.134
	0.013⁎
	1.143

	Educational Level
	0.502
	0.000**
	0.728
	0.000**
	2.071

	Farm Size 
	0.437                    
	0.001** 
	0.614                 
	0.000**
	1.848                                

	Income Level                
	0.377                    
	0.012*   
	0.520                 
	0.004**  
	1.682                                

	Farming Exp.        
	0.269                    
	0.005*   
	0.392                 
	0.001** 
	1.480                                

	Extension Contact          
	0.592                     
	0.000** 
	0.785                 
	0.000** 
	2.194                                

	Access to Credit            
	0.589                    
	0.000** 
	0.753                 
	0.000** 
	2.124                                


Source: Field Survey 2025

Significant at = p < 0.05; p < 0.01; p < 0.001
4. CONCLUSION AND  RECOMMENDATIONS
a. This study assessed the socio-economic characteristics of rice farmers and the availability and usage of Climate Smart Agriculture (CSA) technologies in Yobe State, Nigeria. The results revealed a predominantly male farming population, with a majority in the economically active age group and limited formal education. The availability of key CSA technologies such as drought-resistant rice varieties and organic manure was moderate, while others like agroforestry and minimum tillage were less common. The multinomial logistic regression analysis indicated that education, farm size, income, farming experience, extension contact, and access to credit significantly influence farmers' adoption of CSA technologies. The evidence suggests that institutional, financial, and awareness barriers hinder widespread adoption of CSA technologies, despite their critical importance to enhancing resilience against climate variability and ensuring sustainable rice production in semi-arid regions. Thus, targeted interventions are necessary to bridge these gaps for effective CSA adoption. The study recommends as follows;
i. Strengthen extension services to provide regular, tailored support to rice farmers, especially focusing on CSA technology dissemination and practical training.
ii. Facilitate affordable and accessible agricultural credit schemes to improve farmers' capacity to invest in CSA innovations.
iii. Promote adult education and awareness programs aimed at improving understanding and willingness to adopt CSA practices, particularly targeting less-educated and smallholder farmers.
iv. Encourage government and NGOs to design location-specific CSA interventions that consider the socioeconomic profiles of rice farmers to enhance adoption.
v. Support research and development to improve the availability and promotion of diverse CSA technologies suited to the varying needs of farmers in semi-arid agro-ecological zones.
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