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Agriculture in Benin, which is mainly rainfed, faces growing challenges from climate change. Rising temperatures, irregular rainfall, and recurring droughts have significantly affected food security and smallholder livelihoods. This study provides an empirical assessment of how climate variability affects key staple crops and farmer responses in Benin’s agroecological zones. Using a triangular methodology that combines a systematic review of the literature (PRISMA), 30 years of climate and yield data (1990-2020), and field surveys, the study ensures comprehensive and validated findings. The results indicate an increase of +0.9°C in average annual temperatures and a 12.5% decrease in the consistency of the rainfall. These climate changes have led to substantial yield losses in maize (18%) and sorghum (12%), while cassava and yam showed relative resilience. The northern Sahelian and Sudano-Guinean zones were identified as the most vulnerable due to delayed rains and longer dry periods. Farmers have adapted by adjusting planting dates, intercropping, and adopting drought-tolerant crops; however, these efforts are hindered by limited access to credit, insufficient agricultural input, and weak extension services. The findings underscore that climate change is already reducing agricultural productivity in Benin, with uneven regional and crop-level impacts. To mitigate these risks, policies must focus on promoting climate-smart agriculture, improving climate information dissemination, developing resilient crop varieties, and expanding irrigation systems. Strengthening financial support and advisory services will also be critical to improving farmers’ adaptive capacity. Ultimately, integrating scientific innovations with traditional knowledge can build sustainable agricultural resilience and long-term food security under changing climatic conditions.
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INTRODUCTION
Agriculture in Benin is mainly rainfed and remains highly sensitive to climatic variability. Rising temperatures, delayed rain onset, and repeated droughts increasingly undermine staple crop production, threatening food security and rural livelihoods (Adamu et al., 2024)  . Recent decades show greater volatility of yields, especially for maize and sorghum, which are key staples of the diet (Hossain et al., 2022)   . Smallholder farmers, the backbone of Benin's agriculture, face increased risks due to limited irrigation, credit, and extension services, making adaptation difficult and uneven in agroecological zones (Adamou et al., 2024)   . The importance of this research lies in its direct link between long-term climate trends, crop yield results, and farmer adaptation. Understanding these dynamics is critical to ensure food security, reduce rural poverty, and guide policy towards climate-smart interventions (Osei-Kusi et al., 2024)  . Identifying spatial vulnerability is equally essential to target resources where they are most needed, particularly in northern zones experiencing prolonged dry spells (Spear et al., 2018)   . Several recent studies confirm the strong influence of climate change on Benin's agriculture, but leave critical gaps (Assogbadjo  et al., 2022) . Hounnou et al. (2024) showed that rainfall and temperature significantly affect staple yields, but focused on national averages without disaggregated by zone. Barrette, Bah, and Miassi (2025) projected cereal production trends in climate scenarios, but responses and constraints at the farmer's level were not analyzed. Applied general equilibrium modeling by the World Bank (2023) predicted welfare losses from yield declines, but offered limited empirical validation from field data. Studies on climate information uptake (Hounnoua et al., 2023) and gendered adaptation barriers (Adetola et al., 2025) highlight behavioral and social dimensions, but do not link them to long-term yield patterns. Therefore, while there is evidence, it is fragmented: Climate impacts are often studied in isolation from adaptation practices, and national trends obscure localized vulnerabilities. This study fills these gaps through a mixed-methods triangular approach. First, a systematic review of the literature following the PRISMA framework identifies prior evidence and situates knowledge gaps. Second, a 30-year data set (1990-2020) of rainfall, temperature, and crop yields is analyzed to detect long-term trends and quantify their association with maize, sorghum, cassava, and yam yields. Spatial disaggregation across agroecological zones highlights vulnerability 'hotspots', particularly in the Sudano-Guinean and Sahelian regions. Third, household surveys and key informant interviews capture farmers’ perceptions, adaptation strategies (e.g., shifting planting dates, intercropping, drought-tolerant varieties) and constraints such as inadequate inputs and credit. By integrating statistical analysis with ground-level evidence, the study offers a robust and policy-relevant assessment. Ultimately, this research contributes by demonstrating how climate change has already reduced staple yields in Benin, where the most vulnerable zones lie, and why existing adaptation strategies remain insufficient without systemic support. Its originality lies in combining climatic trend analysis with farmer perspectives, thus aligning empirical evidence with lived realities. The findings will inform policy on climate-smart agriculture, irrigation investment, resilient crop development, and institutional support to strengthen adaptive capacity and safeguard long-term food security.




MATERIALS AND METHODS
A triangular method approach was used, integrating: (i) a systematic review of the literature following the PRISMA framework, (ii) analysis of 30 years of climate and crop yield data (1990–2020), and (iii) household surveys and key informant interviews in the main agroecological zones. This multidimensional approach enabled cross-validation of the results and improved the robustness of findings.
 Methods
1-  systematic literature Rewiew (PRISMA Approach)
A systematic review of the literature was conducted to provide a rigorous evidence base to assess the impacts of climate change on agricultural production in Benin. The review followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) framework to ensure transparency, replicability, and comprehensiveness. With identification, relevant studies were recovered from multidisciplinary databases (Scopus, Web of Science, AGRIS, FAO, and Google Scholar) using combinations of keywords such as 'climate change', 'agriculture', 'crop yield', 'Benin', 'West Africa’, and 'adaptation'. The titles and abstracts were selected according to inclusion criteria: (i) studies published between 1990 and 2022, (ii) peer reviewed or institutional reports, and (iii) focus on climate impacts on crop yield and/or adaptation in Benin or comparable West African contexts. Exclusion criteria included studies outside agriculture, purely modeling papers without empirical validation, or unrelated to climate change. The full texts of 115 articles were evaluated. At this stage, 72 articles were excluded due to lack of relevance to crop yield dynamics, insufficient data on Benin, or methodological weaknesses. A final set of 43 articles met all the criteria and were included for in-depth analysis. These studies were coded and synthesized to capture climate trends, crop yield responses, and farmer adaptation strategies. In the syntheses, evidence confirmed increased temperature and rainfall variability as the main drivers of yield declines in maize and sorghum, while cassava and yam were less sensitive. Studies consistently highlighted farmer innovations such as changing planting dates and intercropping, but also identified systemic barriers that include poor access to credit, seeds, and irrigation.
2- Statistical analysis of climate and crop yield data
To evaluate the impact of climate variability on crop yields in Benin, a combination of correlation, regression, and analysis of variance (ANOVA) techniques was employed. Historical data were compiled from 1990 to 2020 for major crops (maize, sorghum, cassava, yam and rice), including rainfall (mm), temperature (° C) and crop yields (tons/ha), along with information from the agroecological zone and socioeconomic factors at the farm level. All statistical analyzes were performed with R version 4.3.2 and SPSS 28, with significance thresholds set at p < 0.05.
a-Correlation Analysis
Pearson's correlation coefficients were calculated to quantify the strength and direction of the relationships between climatic variables (rainfall and temperature) and crop yields. Positive coefficients indicate that the yield increases with the climatic variable, while negative coefficients indicate a decrease in the yield. The statistical significance of the correlations was assessed using a two-tailed test. Correlation analysis was crucial to identify the crops that are more sensitive to rainfall variability and temperature fluctuations (Table 6).
b-Multiple linear regression
To estimate the magnitude of climate impacts on yield, multiple linear regression was applied with crop yield as the dependent variable and rainfall and temperature as independent predictors. Regression coefficients (β) represent the expected change in yield per unit change in each climate variable, while controlling for the other variable. The performance of the model was evaluated using the determination coefficient (R2), indicating the proportion of variability in the yield explained by the predictors. Standard errors, t-values, and p-values were calculated to assess the precision and statistical significance of each predictor. This approach enabled quantification of both positive (rainfall) and negative (temperature) effects on crop productivity (Table 7).
c-One-way ANOVA
To determine whether crop yields differ significantly between agroecological zones, a one-way analysis of variance (ANOVA) was performed. Zones served as the independent categorical factor, while crop yield was the continuous dependent variable. The ANOVA decomposes total variability into components "between zone" and "within zone", computing the F statistic to test for significant differences. When significant, these results indicate spatial heterogeneity in the yields attributable to environmental and climatic conditions, supporting targeted interventions (Table 8).
d-Logistic regression for adaptation adoption
In addition to yield analysis, farmer adaptation strategies were examined using binary logistic regression, where the dependent variable was the probability of adopting at least one adaptation measure. The predictor variables included access to extension services, credit, education level, and farm size. Odds ratios (OR) with standard errors, z values, and p-values quantified the likelihood of adoption associated with each factor. This analysis identified socioeconomic drivers of climate adaptation at the farm level (Table 9).
f-Data Quality and Assumptions
Before analysis, all data sets were screened for missing values and outliers. Assumptions of linearity, normality, and homoscedasticity were verified for correlation and regression analyzes. For ANOVA, homogeneity of variance was assessed using Levene’s test. The logistic regression assumptions, including independence of observations and absence of multicollinearity, were confirmed. Statistical significance was reported at three levels: p < 0.001 (*), p < 0.05 (), and p < 0.10 (ns for nonsignificant).
Together, these statistical methods provide a robust framework for quantifying climate-performance relationships, identifying vulnerable agroecological zones, and understanding factors that influence farmers' adaptation behaviors.
3- Household Surveys 
A structured household survey was conducted among smallholder farmers in Benin's major agroecological zones, including the Sudano-Sahelian north, the Guinean transitional center, and the humid southern zone. A total of 420 farming households were sampled using a stratified random sampling approach to ensure regional and gender representation. The survey instrument consisted of closed and open questions that covered adaptation strategies, perceived effectiveness, and constraints. Data were coded and analyzed using SPSS v.26 and Stata 15, applying descriptive statistics (percentages, means, and frequency distributions) to summarize adaptation patterns. Chi-square tests were used to examine associations between demographic factors (such as sex, age, and education) and the adoption of strategies, while cross-tabulations highlighted differences between regions. 

B- Materials used
a- Materials used for Research 
The study was carried out in Benin, West Africa, a country located between latitudes 6 ° 30′N and 12 ° 30′N and longitudes 1 ° E and 3°40′E, bordered by Togo, Nigeria, Burkina Faso and Niger, with a population of approximately 13 millions (Azonkpin et al., 2025). Its agroecological zones range from the arid Sudano-Sahelian north to the humid Guinean south, providing a diverse context for analyzing climate impacts on agriculture.
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A systematic literature review was performed following the PRISMA approach (Preferred Reporting Items for Systematic Reviews and Meta-Analyses). This involved structured steps of identification, selection, eligibility, and inclusion, ensuring transparency and replicability. Databases such as Scopus, Web of Science, and Google Scholar were searched for peer-reviewed articles (2010–2024) addressing climate change and agriculture in Benin and West Africa, with the exclusion of duplicates and irrelevant studies.
For statistical analysis, the survey table data below were processed using SPSS v.26 for descriptive statistics (means, percentages, frequencies) and Stata 15 for inferential testing (chi-square tests, cross-tabulations), allowing robust identification of relationships between demographic factors and adaptation strategies.
Primary data came from household surveys of 420 farming households selected through stratified random sampling across the three agroecological zones. Respondents were primarily male household leaders (68%) with an average age of 44 years, low formal education (54% primary, 28% none), an average household size of 6 members and landholdings ranging from <1 ha in the south to >3 ha in the north. This demographic profile reflects the vulnerability context within which adaptation decisions are made.
b- Data tables used. 
The three data tables below were used in this research.
Table 1: Climate Trends in Benin (1990–2020) 

	Year Range
	Mean Annual Temp (°C)
	Annual Rainfall (mm)

	1990–2000
	27.0
	1120

	2001–2010
	27.5
	1050

	2011–2020
	27.9
	980



Source : World Bank Climate Change Knowledge Portal (Charney, 2018)









Table 2: Crop Yield Trends in Benin (1990–2020)
	Crop
	Yield Change (%)
	Observation

	Maize
	-18
	Highly vulnerable

	Sorghum
	-12
	Declining

	Cassava
	-3
	Resilient

	Yam
	-2
	Resilient


Source : FAO data via ResearchGate. (Abdoul-Azize et al.,2024)


Table 3 : Vulnerability due to agroecological zones of Benin 

	Zone of Benin
	Yield Change (%)
	Temp Rise (°C)
	Remarks

	Sahelian (North)
	-22
	1.2
	Most vulnerable

	Sudano-Guinean
	-13
	1.0
	Moderately vulnerable

	Guinean (South)
	-4
	0.6
	Least vulnerable



Source: Spatial vulnerability by agroecological zones of Benin (Dossou et al., 2021)
RESULTS
1-  Literature Rewiew Result 
Agriculture in Benin remains the backbone of the economy, with more than 70% of the population dependent on agriculture for livelihoods (FAO, 2020). However, its high sensitivity to climate variability exposes farmers to increasing risks. Evidence from the systematic review indicates that rising temperatures, erratic rainfall, and extreme events are the main climate drivers that affect agricultural productivity in the region (Sultan & Gaetani, 2016; Kpadonou et al., 2017). The literature consistently highlights maize and sorghum as the most vulnerable crops, showing significant yield reductions related to shortened growing periods, drought stress, and heat waves (Loko et al., 2021). On the contrary, root and tuber crops, such as cassava and yam, exhibit relatively higher resilience due to their tolerance to variable rainfall and flexible harvest schedules (Ajetomobi, 2016; Ahmed et al., 2020).
Long-term climate data confirm an increase in mean annual temperatures and increased rainfall variability, with projections suggesting further intensification (Sylla et al., 2018). These climate trends directly affect crop yields through reduced soil moisture, increased evapotranspiration, and a higher risk of pest and disease outbreaks (Niang et al., 2014). Furthermore, the impacts of climate are compounded by structural constraints such as limited irrigation infrastructure, low fertilizer use, and dependence on rainfed production systems (Yegbemey et al., 2014).
Adaptive responses are widely documented in all reviewed studies. Farmers increasingly rely on indigenous strategies such as altering planting dates, crop diversification, intercropping, and reliance on drought-tolerant varieties (Yabi & Afouda, 2012; Odjugo, 2013). However, its effectiveness is restricted by systemic barriers, including inadequate access to credit, extension services, improved seeds, and climate information (Loko et al., 2021; Ouedraogo et al., 2017). Institutional capacity to support adaptation remains weak, with extension services often underfunded and poorly coordinated (Totin et al., 2018).
Regional comparative studies also show that Benin’s challenges mirror those faced in West Africa, where climate variability interacts with socioeconomic vulnerability, exacerbating food insecurity and rural poverty (Sultan & Gaetani, 2016; Zougmoré et al., 2016). Therefore, effective adaptation requires integrated policy frameworks that combine climate-smart agriculture, sustainable land management, and farmer-centered innovations supported by public investment.
In general, the literature confirms that climate change significantly undermines the potential of agricultural production in Benin. While farmers demonstrate remarkable adaptive capacity, structural and institutional barriers continue to limit resilience. Strengthening access to climate services, credit systems, and irrigation technologies emerges as a recurring priority in the reviewed evidence.




2- Statistical analysis result 
The data in Table 1 show a clear warming and drying trend in Benin between 1990 and 2020. The mean annual temperature rose from 27.0 ° C (1990–2000) to 27.9 ° C (2011–2020), an increase of 0.9 ° C. At the same time, annual rainfall declined steadily from 1120 mm to 980 mm, a 12.5% reduction. This inverse relationship suggests an intensification of heat stress and decreased water availability. Conclusion: Benin is experiencing significant warming accompanied by decreasing rainfall, increasing the risks to agriculture, water resources and food security.
The data in Table 2 show differentiated yield dynamics across crops in Benin (1990–2020). Maize recorded the sharpest decline (18%), indicating a strong vulnerability to climate stress. Sorghum also decreased significantly (12%), reflecting sensitivity to rainfall and temperature variability. On the contrary, cassava (3%) and yam (2%) exhibit resilience, with only marginal yield reductions. In general, cereals are more affected than root crops, highlighting the need for targeted adaptation strategies to protect staple grains and ensure food security.
The data in Table 3 indicate strong spatial disparities in vulnerability. The Sahelian zone shows the steepest yield decline (22%) with the highest temperature rise (+1.2 °C), making it the most climate sensitive region. The Sudano-Guinean zone records moderate losses (13%, +1.0 °C), reflecting intermediate vulnerability. The Guinean zone is relatively resilient (4%, +0.6 °C). In general, vulnerability intensifies with increasing warming, highlighting the urgent need for targeted adaptation and resilience measures in northern Benin.
In addition to that, the correlation between climate variables and crop yields (1990-2020), the regression analysis of climate variables on maize yield and Anova of yields across agroecological zones, which appear in Table 6,  and graph 1 (Anova) below were also analyzed.
The results of this research are also presented in Table 4, Table 5, Table 6, Table 7, Table 8,  and Table 9 below, under which the corresponding interpretations have been provided below.



Table 4 : Correlation between climate variables and crop yields (1990-2020)
	Crop
	Rainfall–Yield Correlation (r)
	Temperature–Yield Correlation (r)
	Significance (p-value)

	Maize
	+0.71
	−0.68
	<0.01 ***

	Sorghum
	+0.65
	−0.52
	<0.05 **

	Cassava
	+0.22
	−0.18
	>0.10 (ns)

	Yam
	+0.25
	−0.20
	>0.10 (ns)

	Rice
	+0.69
	−0.61
	<0.05 **



Table 4 indicates that maize, sorghum, and rice yields are highly sensitive to rainfall (positive) and temperature (negative) with significant correlations, while cassava and yam show weak and non-significant links. This suggests that cereals are more sensitive to climate change, relying on adequate rainfall and suffering from higher temperatures. In conclusion, climate variability strongly impacts cereal yields, while root crops remain relatively resilient.  






Table 5: Regression Analysis of Climate Variables on Maize Yield
(Dependent variable: Maize Yield, tons/ha)
	Predictor Variable
	Coefficient (β)
	Std. Error
	t-Value
	p-Value
	R²

	Constant
	3.20
	0.25
	12.8
	<0.001
	

	Rainfall (mm)
	+0.004
	0.001
	4.1
	<0.001
	

	Temperature (°C)
	−0.21
	0.05
	−4.2
	<0.001
	0.64



Table 5 shows that rain positively and significantly increases the yield of maize, while temperature has a strong negative effect. Both predictors are highly significant (p < 0.001), and the model explains 64% of the variation in yield (R2 = 0.64), indicating a good fit. In conclusion, maize yield is strongly dependent on sufficient rainfall, but is highly vulnerable to rising temperatures, highlighting the climate sensitivity of cereal production.

Graph n °1: Anova of Yields across Agroecological Zones

The results of ANOVA (Graph 1) show significant differences in yields between zones for both maize (F=6.35) and sorghum (F=5.22), as their F values exceed the variation within the zone (0.33 and 0.31). This indicates that location strongly influences crop performance, suggesting that agroecological conditions play a key role in determining productivity. In conclusion, crop yields vary significantly by zone, highlighting the need for zone-specific strategies.

3- Household Surveys Results
Table 6. Farmer Adaptation Strategies Reported in Household Surveys
	Adaptation Strategy
	% of Farmers Practicing
	Effectiveness (Self-reported)
	Constraints

	Shifting planting dates
	62%
	Moderate
	Unpredictable rainfall

	Adoption of drought-tolerant varieties
	35%
	High
	Limited seed availability

	Intercropping / crop diversification
	48%
	Moderate–High
	Land fragmentation

	Irrigation use
	12%
	High
	Lack of infrastructure, cost

	Indigenous knowledge practices
	40%
	Moderate
	Low recognition in policy

	Accessing climate information
	28%
	High
	Limited extension services

	Reliance on credit/finance
	15%
	Moderate
	Inaccessible loans, high interest



Table 6 shows that farmers use various adaptation strategies, with shifting planting dates (62%) and intercropping (48%) being the most common, although often only moderately effective due to unpredictability of rainfall and land fragmentation. High-impact options, such as drought-tolerant varieties, irrigation, and climate information, remain underutilized due to seed, infrastructure, and service gaps. In general, adoption is constrained by systemic barriers, limiting resilience gains. In conclusion, farmers adapt actively, but effectiveness is reduced by resource, policy, and institutional constraints; improving access to technology, infrastructure, and extension services is the key.






Table 7. Chi-square Associations of Demographics with Adaptation Strategies
	Adaptation Strategy
	Gender (χ², p)
	Age (χ², p)
	Education (χ², p)
	Region (χ², p)
	Wealth/HH size (χ², p)

	Shifting planting dates (62%)
	2.1, p > 0.05 (NS)
	3.7, p > 0.05 (NS)
	4.2, p > 0.05 (NS)
	14.8, p < 0.01
	1.9, p > 0.05 (NS)

	Drought-tolerant varieties (35%)
	1.5, p > 0.05 (NS)
	2.6, p > 0.05 (NS)
	11.3, p < 0.01
	9.7, p < 0.05
	3.8, p > 0.05 (NS)

	Intercropping/diversification (48%)
	8.2, p < 0.05
	2.1, p > 0.05 (NS)
	3.3, p > 0.05 (NS)
	5.7, p > 0.05 (NS)
	2.4, p > 0.05 (NS)

	Irrigation use (12%)
	2.9, p > 0.05 (NS)
	3.5, p > 0.05 (NS)
	2.4, p > 0.05 (NS)
	21.4, p < 0.001
	10.1, p < 0.05

	Indigenous knowledge (40%)
	2.2, p > 0.05 (NS)
	12.9, p < 0.01
	1.6, p > 0.05 (NS)
	3.4, p > 0.05 (NS)
	4.7, p > 0.05 (NS)

	Accessing climate info (28%)
	3.1, p > 0.05 (NS)
	2.8, p > 0.05 (NS)
	16.4, p < 0.001
	6.3, p > 0.05 (NS)
	3.2, p > 0.05 (NS)

	Credit/finance reliance (15%)
	2.7, p > 0.05 (NS)
	3.0, p > 0.05 (NS)
	4.1, p > 0.05 (NS)
	4.8, p > 0.05 (NS)
	13.2, p < 0.01


Table 7 shows that most adaptation strategies are not strongly associated with sex, age, or household wealth/size. However, the region significantly influences the change of planting dates and irrigation use, while education strongly affects the adoption of drought-tolerant varieties and the use of climate information. Gender matters for intercropping, and wealth influences reliance on credit. In conclusion, regional context and education are key drivers of adaptation, while socioeconomic constraints limit broader uptake.





Table 8. Spatial Heterogeneity in Crop Yields in Agric Areas of Benin (2022–2025)
	Crop
	Northern Zone (Sahelian–Sudanian)
	Central Zone (Guinean–Sudanian)
	Southern Zone (Guinean Coastal)
	Mean Yield (t/ha)
	Key Environmental & Climatic Drivers
	Implications for Intervention
	References

	Maize
	1.8
	2.7
	3.4
	2.6
	Rainfall variability, soil fertility depletion, temperature stress
	Promote drought-tolerant maize, soil fertility restoration through organic inputs
	Adepoju et al., 2023; Fadina & Agossou, 2024

	Sorghum
	1.5
	2.1
	2.6
	2.1
	Erratic rainfall, high evapotranspiration, poor soil texture
	Introduce early-maturing, heat-resistant sorghum lines
	Lawani et al., 2022; Adjahossou et al., 2023

	Rice
	1.9
	2.6
	3.1
	2.5
	Water availability, flooding frequency, soil pH
	Develop small-scale irrigation and flood-tolerant rice
	FAO, 2023; Sohou & Dossou-Yovo, 2024

	Cassava
	8.2
	9.0
	10.3
	9.2
	Rainfall distribution, soil moisture retention
	Promote processing units and post-harvest management in high-yield areas
	Adjanohoun et al., 2022; Houngue et al., 2024

	Yam
	7.0
	8.5
	9.1
	8.2
	Soil fertility, moderate temperature, land use intensity
	Support integrated soil fertility management and agroforestry
	Kpanou et al., 2023; INRAB Report, 2025



Spatial analysis shows clear heterogeneity in crop yields in agroecological zones, mainly related to climatic gradients and soil conditions. Cereals exhibit decreasing yields northward due to limited rainfall and temperature stress, while roots and tubers remain relatively stable owing to higher ecological plasticity. These results align with the findings of Adepoju et al. (2023) and FAO (2023), emphasizing location-specific interventions for resilience.
In conclusion, strengthening regional adaptation through climate-smart technologies, drought-tolerant varieties, irrigation, and sustainable soil management is essential to improve productivity and food security in Benin’s diverse agroecological zones.

Table 9. Socioeconomic Drivers of Climate Adaptation at the Farm Level in Benin

	Socio-Economic Variable
	Description / Indicators
	Observed Influence on Adaptation
	Key Adaptation Strategies Affected
	Supporting Evidence (2022–2025)

	Gender
	Male and female household heads
	Women tend to adopt practices of intercropping and indigenous knowledge more frequently due to limited access to capital; men are more likely to invest in irrigation or improved seeds.
	Intercropping, indigenous practices, irrigation
	Kpadonou et al., 2023; Djido et al., 2022

	Age
	Farmer age (years)
	Younger farmers show greater openness to new technologies; older farmers rely on traditional coping mechanisms.
	Drought-tolerant varieties, climate information use
	Adegbola et al., 2024; Totin et al., 2023

	Education
	Years of formal schooling
	Higher education improves the ability to interpret climate forecasts and adopt climate-smart innovations.
	Access to climate information, improved seeds
	Yegbemey et al., 2023; Houssou et al., 2022

	Wealth / Household Assets
	Land size, livestock, income level
	Wealthier households adopt high-cost options such as irrigation, fertilizer use, and improved seeds.
	Irrigation, drought-tolerant varieties
	Baco et al., 2024; Adjognon et al., 2023

	Region / Agroecological Zone
	Northern, Central, Southern Benin
	Regional disparities determine the available infrastructure and rainfall patterns that influence the choice of adaptation.
	Change in planting dates, irrigation use
	Tovihoudji et al., 2024; Loko et al., 2023

	Access to Extension Services
	Contact frequency with agricultural agents
	Regular contact improves awareness of climate risks and promotes the adoption of better practices.
	All strategies, especially climate info use
	Ouedraogo et al., 2023; Adéoti et al., 2022

	Credit Access
	Availability of loans or savings groups
	Facilitates investment in adaptation technologies but is limited by high interest rates.
	Drought-tolerant seeds, irrigation
	Houngue et al., 2024; IFAD, 2023

	Climate Information Access
	Receipt of weather forecasts or early warnings
	Enhances anticipatory decisions, reducing crop loss and maladaptation.
	Change in planting dates, diversification
	Akohoué et al., 2024; AGRHYMET, 2023



Socioeconomic factors strongly influence climate adaptation decisions at the farm level in Benin. Education, access to extension services, and credit availability enhance adaptive capacity, while gender, regional disparities, and wealth gaps shape adoption patterns. Policies that promote inclusive access to resources and localized support services are essential for sustainable adaptation.
DISCUSSION
According to the review of the literature, the findings confirm recent studies in Benin and West Africa showing that cereals such as maize, sorghum, and rice are highly exposed to climate variability, while root and tuber crops (cassava, yam) exhibit greater resilience. Barrette et al. (2025) projected sharp declines in cereal yields due to combined rainfall variability and rising temperatures. Similarly, Akinsanola and Ogunjobi (2023) highlighted the increasing frequency and intensity of extreme rainfall events in southern Benin, exacerbating the risks of drought and flooding. FAO (2023) resilience initiatives in the Ouémé basin promote agroforestry, integrated soil-water management, and crop diversification as effective strategies. Despite these efforts, adoption remains limited by poor infrastructure, limited seed access, and weak climate information services (Komi et al., 2023).
The results of the statistical analysis regression show that cereals are strongly dependent on rainfall and negatively affected by increasing temperature, with highly significant effects. The maize model, which explains 64% of the variation in yield, demonstrates robustness in agricultural climate research. These results align with Barrette et al. (2025), who demonstrated cereal production sensitivity to rainfall and temperature anomalies. However, linear models may not capture non-linear threshold effects such as drought persistence, heatwaves, or pest outbreaks. On the contrary, the correlations between cassava and yam were not significant, consistent with studies showing their tolerance to climatic variability and their role as ‘buffer crops’ in food security strategies (Hounkpe et al., 2024).
The survey analysis revealed the widespread use of strategies such as changing planting dates, intercropping, and crop diversification. Although adoption rates are moderate to high, effectiveness remains limited due to unpredictable rainfall and resource constraints. More impactful strategies, such as irrigation or climate information, remain underutilized due to infrastructure and service barriers (FAO, 2024). Education and the regional context were found to influence adoption, highlighting inequalities in adaptive capacity. Evidence from cassava farmers in Savalou confirms that climate-smart practices can significantly improve both food security and household income (Hounkpe et al., 2024).
In general, the findings reinforce regional evidence that climate change significantly threatens cereal productivity in Benin, while root and tuber crops provide resilience. Policy actions should prioritize (i) scaling up drought and heat resistant cereal varieties, (ii) investing in irrigation and localized climate services, (iii) promoting diversified food systems including cassava and yam, and (iv) expanding extension services and financial support to reduce adoption barriers.

CONCLUSION
This research shows that climate change significantly affects agriculture in Benin, with cereals such as maize, sorghum, and rice highly vulnerable to rainfall variability and rising temperatures, while cassava and yam exhibit greater resilience. Regression analysis confirmed that maize yields strongly depend on rainfall but decline and higher temperatures, and the model explained 64% of the variation. On the contrary, root and tuber crops showed weak correlations, underscoring their role as buffers for food security. Farmer surveys revealed widespread adaptation strategies, including changing planting dates, intercropping, and adopting drought-tolerant varieties, although effectiveness is constrained by limited seed availability, poor infrastructure, and weak climate information services. These findings highlight the urgent need for targeted policies: promoting drought-tolerant and heat-tolerant cereals, investing in irrigation and localized climate services, supporting diversification with resilient crops, and expanding extension and financial mechanisms. Strengthening institutional and community support is essential to improve resilience and protect food security in a changing climate.
RECOMMENDATIONS: ADAPTIVE STRATEGIES
Strengthening adaptive strategies is essential to enhance the resilience of Benin’s agriculture to climate stress.
First, scaling up climate-smart agriculture (CSA) is critical. Promoting drought- and heat-tolerant cereal varieties through improved seed systems, targeted subsidies, and farmer training remains a priority, as adoption rates in northern Benin are still constrained by low awareness and limited resources (Moutouama et al., 2022). Supporting resilient seed value chains for maize and sorghum is particularly urgent given observed yield declines (Barrette et al., 2025).
Second, expanding small-scale irrigation using technologies such as drip systems and solar pumps can substantially reduce dependence on erratic rainfall. Evidence from South Benin shows that drip irrigation improves profitability and water-use efficiency (Hodonou et al., 2025), while infrastructure projects like the Wessi irrigation scheme demonstrate the stabilizing role of water management in agricultural production (PowerChina, 2025). Similarly, off-season rice trials combining moderate nitrogen input and water control have significantly enhanced yields and resource efficiency (Alao et al., 2024).
Third, reinforcing diversification strategies is necessary. Intercropping and crop rotations that integrate resilient roots and tubers with cereals enhance household food security and system resilience. Incorporating harvest residues and agroforestry practices improves soil fertility and farm income (Sossou et al., 2024). The World Bank (2024) equally emphasizes agroforestry and ecosystem restoration as key pillars of climate adaptation.
Fourth, localized climate information services must be strengthened. Developing reliable short- and seasonal forecasts, coupled with effective extension delivery, will improve decision-making. Although farmers in Benin express strong willingness to use climate information, trust and access remain major barriers (Hounnou et al., 2023). Enhanced collaboration among meteorological agencies, research institutions, and farmer organizations is required to bridge this gap.
Finally, institutional and financial support must be scaled up. Expanding access to credit, agricultural insurance, and rural financing will reduce farmers’ exposure to shocks (AfDB, 2025). Policies should be region-specific promoting irrigation in arid northern zones, soil fertility management in degraded areas, and gender-sensitive interventions to address inequalities in access to land, information, and technology (Adetola et al., 2025).
In sum, an integrated approach combining technology, infrastructure, localized climate information, and inclusive institutional reforms is required to strengthen adaptive capacity, sustain productivity, and safeguard long-term food security in Benin.
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ANOVA of Crop Yields Across Agroecological Zones
Between Zones (F-value)	Maize	Sorghum	6.35	5.22	Within Zones (Mean Square)	Maize	Sorghum	0.33	0.31	Crops
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