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ABSTRACT
This study examines the factors influencing the adaptation strategies to the impacts of climate change among smallholder farmers in the Ayedire Local Government Area of Osun State, Nigeria. The study investigated the determinants of adaptation strategies to the effects of climate change among smallholder farmers. Multistage random sampling technique was used in selecting 120 smallholder farmers from the Ayedire Local Government Area. Data were gathered through structured questionnaires and interviews, followed by analysis using both descriptive and inferential statistics, specifically employing Multivariate Probit Regression analysis.
The results indicate that a significant proportion of the farmers in the study area are male, accounting for 63.33% of the participants. The age distribution reveals that 40% of the farmers fall within the above 60years’ age bracket. Additionally, most of these farmers are married, representing 83.33% of the sample, which contributes to larger household sizes and an increased availability of labor. The educational background of the respondents shows a moderate level of attainment; 13.33% have completed secondary education, while a mere 6.67% possess postgraduate degrees. Regarding farm sizes, 83.33% of respondents cultivate five hectares or less, indicating the predominance of small-scale farming in the region. Farming serves as the primary occupation for 76.67% of the surveyed farmers, and 66.67% of them are affiliated with farmers’ associations, which aid in accessing essential resources and support networks. Notably, 86.67% of the farmers have access to credit facilities, which are crucial for financing their adaptation strategies. The study also identified several barriers that impede the adoption of adaptation strategies in response to perceived climate changes. All the farmers report a lack of government support, with 96.67% expressing insufficient technical knowledge and skills necessary for effective adaptation. Furthermore, 76.67% of the respondents lack adequate information regarding climate change, while 60% cite inadequate infrastructure as a significant obstacle. Additionally, 60% of farmers face issues related to insecure property rights, and 93.33% predominantly rely on cultural and traditional knowledge, which limits their willingness to adopt modern adaptation strategies.
In conclusion, the study suggests that although smallholder farmers possess an awareness of climate change and utilize coping mechanisms, various socio-economic factors—including gender, age, education, farm size, and resource access—play a pivotal role in shaping the success of these adaptations. The findings underscore the necessity for targeted interventions aimed at bolstering farmers' resilience against climate change. Such measures should include improving access to credit, providing education on climate adaptation strategies, and promoting climate-smart agricultural practices. Therefore, the study advocates for the implementation of educational initiatives for farmers, enhanced financial resource accessibility, encouragement of agricultural association participation, and the widespread adoption of climate-smart agriculture to mitigate the adverse effects of climate change on smallholder agriculture within the Ayedire Local Government Area.
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INTRODUCTION
      Agriculture plays a crucial role in the economic growth of developing countries, acting as the backbone of their economies by supplying food, fiber, raw materials, and job opportunities for a significant portion of the population. Climate change, according to the intergovernmental Panel on Climate Change (IPCC, 2013), affects people’s livelihoods, agriculture, freshwater supplies, and other natural resources, which are vital to human survival. Climate change affects crop output, particularly among vulnerable people in rural areas, such as smallholder farmers who rely on rainfed agriculture for a living. 
      Climate change poses one of the most pressing challenges of the 21st century, with far-reaching implications for ecosystems, economies, and societies worldwide. The steady rise in greenhouse gas emissions from human activities has led to unprecedented changes in global climate patterns, resulting in more frequent and severe weather events, shifts in precipitation patterns, and rising temperatures (Adamo, Al-Ansari, and Sissakian, 2021; Kumar, Ranjan, and Verma, 2021). These changes significantly impact agricultural systems, affecting crop yields, water availability, and soil health, thereby threatening global food security (Lal, 2019). It exacerbates existing food safety challenges and introduces new risks, posing threats to human health, economic stability, and sustainable development. Climate change has had significant impacts on agricultural ecosystems and food production, including reduced crop productivity, changes in seasonal patterns, and environmental damage. This has triggered uncertainty in food supply, resulted in food price fluctuations, and increased the risk of hunger and malnutrition in some regions. The impact of climate change not only affects the food production, but also influences the farmers’ income, food accessibility, food supply, and food security (Agboola, 2011).
       Future climate-related risks events may further deteriorate the sustainability of the agricultural sector in providing food for the growing population. Given the contribution of smallholder farmers to the agricultural sector and the economy at large, in terms of the gross value of agricultural production, gross domestic product and job creation, stakeholders in the agricultural sector are interested in understanding the factors that influence smallholder farmers’ decision to adopt climate change adaptation strategies to allow the provision of necessary support to deal with climate change risks (Junpeng et al., 2016). Several other studies (Bhatt et al. 2014; Chapagain et al. 2017; Devkota et al. 2017; Deressa et al. 2009) have reported that climate change is a threat to agricultural production and sustainability due to the projected variability in temperature and precipitation, and more recurrent droughts.
       Strategies that could mitigate the negative effects of climate variants on food production are urgently and globally warranted. Multiple strategies like government interventions (e.g., levy and subsidy), industrial structure adjustment (Assefa 2024; Kalidas et al. 2023), and climate-smart agricultural (CSA) practices (Apata et al. 2009; Ayansina et al. 2017) have been developed and applied to cope with climate change and ensure global food security. The consequence of climate change on agriculture is huge, as the sector plays an important role in the economy through the creation of employment opportunities, foreign exchange earnings as well as poverty alleviation.  Adaptations strategies to climate change are designed to eliminate the adverse effect of climate related risks on agricultural activities (Jiang et al., 2017; Donatti et al., 2018). Extreme weather and climatic events such as drought affect agricultural productivity in terms of yields and income generated and hampers food production. Adaptation to climate change has been part of the national development program due to global initiatives such as the Intergovernmental Panel on Climate Change (IPCC) and the United Nations Framework Convention on Climate Change (UNFCCC). 
      Based on the aforementioned problems identified, this research tends to tackle to the following specific objectives: to describe the farmers the socio-economic characteristics of the smallholder farmers, to describe farmers’ perception to climate change, to identify farmers’ adaptation strategies/measures to climate change effects, to estimate the factors affecting choice of adaptation strategies, to investigate the barriers and constraints to adopting adaptation strategies among smallholder farmers.

MATERIALS AND METHODS
This study was conducted in Aiyedire Local Government Areas of Osun State. The local government was named Iwo South Local Government on establishment which was later renamed Aiyedire Local Government which is its present name today. The local government was carved from the old Iwo local government which was in Araromi in Iwo. At the 2006 census, Aiyedire had a population of 76,309 (2006 estimates), and had grown to 305,100 (2020 projections). Aiyedire has ten political wards namely Ileogbo I, Ileogbo II, Ileogbo III, Ileogbo IV, Kuta I, Kuta II, Oke-osun, Oluponna I, Oluponna II, and Oluponna 1II. 
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Fig 1:  Map of Ayedire Local Government

Ayedire Local Government Area is largely derived of savannah ecological area with some areas being rainforest belt. It is located approximately on the intersection of latitude 8o 8'North and 4o 15' East. The rainy season usually begins in March and lasts until November. The dry season is very hot, except during the harmattan period when it is cold and dry. The zone was purposively selected because it was recognized as one of the food basket areas of Osun State.
The population of this study comprises of all the smallholder farmers in Ayedire Local Government Area of Osun State. Multistage random sampling procedure was used to select the respondents, the first stage involves the selection of Ayedire Local Government Area (LGA) of Osun State, the second stage involve selection of one-third of the political wards in the area for ease selection, while the third stage demand selection of about 30 percent of the villages under each wards and the last stage involve selection of about 15 smallholder farmers from the selected villages and a total of 110 farmers were sampled for the study.
Descriptive statistics (such as mean, Median, frequency and percentage) was used to describe the farmer's socio- economic characteristics and farm attributes, farmers attitude, examine how smallholder farmers obtain knowledge about climate and used to empirically determine the adaptation strategies to the effect of climate change. Inferential statistics (Multivariate Probit Regression analysis) were also used. Multivariate probit regression analysis is a formula used to predict the relationships between dependent and independent variables. It calculates the probability of something happening depending on multiple sets of variables. Multivariate probit regression is a technique that estimates a single regression model with more than one outcome variable. The explicit form of the equation was stated below:
Y1 = α0 + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + β7X7 + β8X8 + β9X9 + β10X10 + β11X11 + ε
Y2 = α0 + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + β7X7 + β8X8 + β9X9 + β10X10 + β11X11 +   ε
Y3 = α0 + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + β7X7 + β8X8 + β9X9 + β10X10 + β11X11 + ε
Y4 = α0 + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + β7X7 + β8X8 + β9X9 + β10X10 + β11X11 + ε
Y5 = α0 + β1X1 + β2X2 + β3X3 + β4X4 + β5X5 + β6X6 + β7X7 + β8X8 + β9X9 + β10X10 + β11X11 + ε
Where, Y1 = Irrigation Use (Binary response)
Y2 = Soil and Water Conservation methods (Binary response)
Y3 = Agroforestry (Binary response)
Y4 = Drought Resistant plant varieties (Binary response)
Y5 = Adjusted Planting date (Binary response)
X1 = Age (Actual year of the respondents)
X2 = Sex (1 if the respondent is male, otherwise 0)
X3 = Marital status (1 if the respondent is married, otherwise 0)
X4 = Household Size (actual number of household members)
X5 = Years spent in schools (actual number of years of formal education)
X6 = Years of farming experience (actual number of years in farming)
X7 = Farm size (actual number of cultivated farmland during the time of this survey)
X8 = Membership of association (1 if the respondent is a member of social group, otherwise 0)


RESULTS AND DISCUSSION
i. Socio-economic characteristics of the respondents
Table 1 showed the distribution of the respondent by sex. It was revealed that 36.67% of the respondents are female while 63.33% of the respondents are male. This finding revealed the dominancy of the male in farming activities than female and mostly facing the adverse effect of climate change. This research underscores how the roles and responsibilities of male farmers expose them to specific climate risks, including migration for work as a coping mechanism. (Mastrorillo et al 2016).  The Table presented the distribution of respondents by age. It was revealed that 13.33% of the respondents were between 31- 40 years in age, 13.33% were between 41-50 years in age, 33.33% were 50-60 years in age, 40% of the respondents are above 60 years of age. With age, the farmer develops considerable farming experience and social links; and amasses financial means which enhance adoption of climate change adaptation strategies (Gallo et al 2020). However, older farmers may be risk averse and fearful of embracing adaptation measures (Harvey, 2014). 
The Table further showed the household size of the respondents. It revealed that 53.33% of the respondents had less than 5 household size while 46.67% had 6-10 household size. This result revealed that majority of the household size in the local government area is < = 5 while the respondents with higher number of household size above 10 are lower in number. Mastrorillo et al., 2016 showed that smaller households often have more flexibility in decision making and resource allocation, allowing them to adapt more effectively to climate impacts. This adaptability can be crucial in rapidly changing environment. Smaller households typically have lower resource consumption levels, which can lead to reduced environmental footprints. This reduction is significant in regions where resource scarcity is exacerbated by climate change. It revealed the respondents that are married are 83.33% and 10% were separated while 6.67% are widowed. This result also supports the work of (Celia, 2018) which showed that married individuals often report better mental and physical health outcomes. The presence of a supportive partner can facilitate adaptive coping strategies during stressful times such as chronic illness or job loss.
Table 1 also showed the distribution of respondents by farm size. It revealed that 83.33% of the respondents had less than or equal to 5 acres farm size while 16.67% had 6-10 acres farm size. It showed that the respondents with 6-10 years of experience are 6.67%, 11- 15 years of experience are 6.67%, 15-20 years of experience are 16.67% and majority of the respondents (70%) has above 20years of experience.
    It was revealed that 10% of the respondent attain primary school certificate, 13.33% attain secondary school certificate, 26.67 did not complete secondary school, 13.33% are degree holders, 6.67% are postgraduates while others are 30%. The table further showed that 70% majority of the respondents practice mixed farming while 30% of the respondents practice crop only.
Table 1 showed that 76.67% of the respondents are also engaged in farming, and they focus primarily on farming, 6.67% of the respondents were traders, while 16.67% were civil servants. The majority of the respondents are engaged in farming activities while other involved in trading and civil service as their main occupation. The reliance on primary Occupation like agriculture can lead to economic instability as farmers face unpredictable weather patterns and reduced yields, prompting the need for adaptation strategies. (Harlan, S.L, and Riddell, D.M.2019).























Table 1: Socio-economic characteristics of the respondents
	Socio-economic characteristics
	Frequency
	Percentage

	Sex
Female
	
44
	
36.67

	Male
	76
	63.33

	Age group
31- 40
41- 50
51- 60
Above 60
Household size
< = 5
6 – 10
Marital Status
Married
Separated
Widow
Farm size
< = 5
6 – 10
Farming Experience
6 - 10
11- 15
16- 20
Above 20
Level of education
Primary school certificate
Secondary school certificate
Secondary school not completed
Degree
Postgraduate
Others, specify
Farming System
Crop and livestock (mixed farming)
Crop only
Primary Occupation
Civil Service
Farming
Trading

Total
	
16
16
40
48

64
56

100
12
8

100
20

8
8
20
84

12
16
32
16
8
36

84
36

16
92
8

120
	
13.33
13.33
33.33
40.00

53.33
46.67

83.33
10.00
6.67

83.33
16.67

6.67
6.67
16.67
70.00

10.00
13.33
26.67
13.33
6.67
30.00

70.00
30.00

16.67
76.67
6.67

100.0



Source: Field Survey, 2024

ii. Farmers’ perception to climate change
Table 2 revealed the perception of farmers to climate change and the available coping strategies among smallholder farmers, which influence their decision-making on adaptation strategies. All (100%) of the respondents indicated that they have heard about climate change, showing full awareness of the concept. Additionally, all (100%) of the farmers reported adopting coping strategies to mitigate the impact of climate change, reflecting a proactive approach to managing climate risks. Moreover, only 43.33% of the respondents indicated they received training from organizations that support climate adaptation, while 56.67% have not. This suggests that the majority of the farmers rely on personal or informal networks rather than formal organizational support in their adaptation efforts.
Lastly, all (100%) of the respondents identified rainfall as a crucial climate variable that influences their farming activities. The consistent recognition of rainfall patterns as a critical factor underscores the significant role of this variable in guiding the choice of adaptation strategies. The results showed that smallholder farmers are fully aware of climate change and have adopted various coping strategies, particularly in response to rainfall variations. However, the low level of organizational affiliation may limit access to broader support systems for effective climate change adaptation strategies.

Table 2: Distribution of respondents according to the perception of climate change on choice of adaptation strategies 
	Climate change
	Frequency
	Percentage

	Climate change heard
	
	

	Yes 
	120
	100.00

	No 
	0
	0.00

	Coping strategies 
	
	

	Yes 
	120
	100.00

	No 
	0
	0.00

	Organization 
	
	

	Yes 
	52
	43.33

	No 
	68
	56.67

	Climate variables rainfall
	
	

	Yes 
	120
	0.00

	No
	0
	0.00


   Source: Field Survey, 2024.

iii. Challenges faced by smallholder farmers in implementing adaptation strategies to cope with climate change effects
      Table 3 showed the perception of long-term climate challenges faced by smallholder farmers regarding changes in climate variables such as temperature and rainfall. The table indicates that the majority of farmers have observed significant changes in both temperature and rainfall patterns over time, affecting their farming activities. Over half (53.33%) of the respondents indicated increased temperatures as many changes, while 46.67% observed extreme changes and 10.00% observed limited changes. None of the respondents reported no changes, suggesting that temperature increases are widely recognized as a major concern among the farmers. On the contrary, decreased temperatures were noted by 13.33% as extreme, 40.00% indicated many changes, while 43.33% reported limited change, and only 3.33% saw no changes. This implies that the perception of temperature decrease is less significant but still relevant among the respondents. In terms of rainfall patterns, 40.00% of the respondents noted increased rainfall duration as an extreme change, 40.00% saw many changes, 13.33% observed limited changes, and 6.67% reported no changes. This suggests that although some farmers perceive significant increases in rainfall duration, many others see limited change. For increased number of rainfall events, 50.00% of respondents perceived it as an extreme change, 20.00% noted many changes, while 20.00% observed limited changes, and 10.00% reported no changes. The majority of farmers perceive a shift in the frequency of rainfall events. Regarding increased rainfall intensity, 40.00% of respondents indicated an extreme change, 36.67% noted many changes, while 16.67% observed limited change, and 6.67% reported no change. This shows that changes in rainfall intensity are widely experienced by the farmers. On the other hand, decreased rainfall duration was recognized as an extreme change by 36.67% and as many changes by 63.33%. This implies that reduced rainfall duration is a major concern for most respondents. Also,53.33% of the respondents also indicated decreased number of rainfall events as an extreme change, with 46.67% noting many changes and no respondents reporting limited or no changes. This suggests that the decline in rainfall events is broadly perceived as a critical issue among farmers. Lastly, decreased rainfall intensity was recognized as an extreme challenge by 56.67% of respondents, while 36.67% observed many changes, and 6.67% observed limited changes with no respondents indicated no changes. This demonstrates that decreased rainfall intensity is another key concern for the majority of farmers.
The results implied that smallholder farmers are significantly affected by climate variability, with increased temperatures, decreased rainfall events, and reduced rainfall intensity being among the most commonly observed changes. These challenges are likely to impact their agricultural practices and adaptation strategies.

Table 3: Levels of Challenges faced by smallholder farmers in implementing adaptation
strategies to cope with climate change effects
	S/N

	Long term changes in climatic variables
	Extreme changes
(1)
Frequency (%)
	Many changes
(2)
Frequency (%)
	Limited changes
(3)
Frequency (%)
	No changes
(4)
Frequency (%)

	1
	Increased temperature
	44 (36.67)
	64 (53.33)
	12 (10.00)
	0(0)

	2
	Decreased temperature
	16 (13.33)
	48 (40.00)
	52 (43.33)
	4 (3.33)

	3
	Increased in rainfall duration
	48 (40.00)
	48 (40.00)
	16 (13.33)
	8 (6.67)

	4
	Increased in number of rainfall events
	60 (50.00)
	24 (20.00)
	24 (20.00)
	12 (10.00)

	5
	Increased in rainfall intensity
	48 (40.00)
	44 (36.67)
	20 (16.67)
	8 (6.67)

	6
	Decreased in rainfall duration
	44 (36.67)
	76 ( 63.33)
	0(0)
	0(0)

	7
	Decreased in number of rainfall events
	64 (53.33)
	56 (46.67)
	0(0)
	0(0)

	8
	Decreased in rainfall intensity
	68 (53.33)
	56 (46.67)
	0(0)
	0(0)


Source: Field Survey, 2024.


iv. Adaptation strategies in mitigating the negative impacts of climate change on agricultural productivity
      Table 4 showed the perceived negative impacts of climate change on agricultural productivity among respondents, focusing on a range of climate-related effects such as changes in rain patterns, drought, floods, pests, and more. It highlights how these impacts are categorized by severity, with most respondents indicating significant to severe effects on their farming activities. Most of the respondents (56.67%) of the respondents identified changed timing of rain as an extremely severe impact, while 43.33% noted it as severe. None of the respondents indicated no impact, signifying that timing changes in rainfall are recognized as a critical factor affecting productivity. Also, 46.67% of the respondents reported abrupt changes in season or growing season changes as an extremely severe challenge, while 53.33% viewed it as severe. No respondents considered this impact irrelevant, reflecting the severity of changing seasons on farming. Regarding reduced cropping (growing) season, 60% of the respondents rated it as extremely severe, 36.67% as severe, and 3.33% as significant. This indicates that growing periods are shortened due to climate change which is seen as a major concern. Majority (73.33%) perceived increased frequency of drought and crop failure as an extremely severe issue, while 26.67% rated it as severe. This underscores the high sensitivity of crop production to droughts caused by climate variability.
      For increased frequency of floods and farm destruction, 43.33% of respondents indicated it as extremely severe, 30.00% as severe, and 26.67% as significant. The negative impact of flooding on agricultural productivity. Post-harvest losses were noted as extremely severe by 70.00% of respondents, 20.00% rated it as severe, and 6.67% viewed it as significant. Only 3.33% reported no impact, implying that post-harvest losses are a major issue in the face of climate change. With respect to pest invasions, 73.33% considered it as an extremely severe challenge, while 20.00% regarded it as severe, and 6.67% as significant. Pest invasions due to climate change are thus a growing concern for farmers. In terms of prevalence of diseases, 76.67% of respondents perceived it as extremely severe, 13.33% as severe, and 10.00% as significant. This suggests that disease outbreaks are another consequence of climate change. Poverty and food shortages were seen as extremely severe by 76.67% of the respondents, with 13.33% marking it as severe, and 10.00% as significant, further reflecting the broader socio-economic impacts of climate change on food security. For lack of potable water, 40.00% reported it as severe, 50.00% as extremely severe, and 10.00% noted it as significant, indicating that water scarcity is a serious issue in respect to climate change. Regarding floods and erosion, 16.67% of respondents rated it as severe, 50.00% as extremely severe, and 33.33% as significant, indicating the challenges of soil erosion and flooding for farmers. Lastly, extinction of some crops and livestock varieties was perceived as severe by 43.33% of respondents, with 50.00% seeing it as extremely severe, and 6.67% viewing it as significant. This implies that climate change is contributing to the loss of biodiversity in crops and livestock.
      The results showed that farmers are experiencing widespread and severe negative impacts due to climate change, with droughts, floods, and disease prevalence being particularly severe threats to agricultural productivity.








Table 4: Level of impact of climate change on agricultural productivity
	Effects (Negative impacts)
	No impact
	Extremely severe
	Severe
	Significant
	Irrelevant

	Changed timing of rains
	0
(0.00)
	68 
(56.67)
	52
(43.33)
	0
(0.00)
	0
(0.00)

	Abrupt change in season/ changes in growing season
	0
(0.00)
	56
 (46.67)
	64 
(53.33)
	0
(0.00)
	0
(0.00)

	Reduced cropping (growing) season
	0
(0.00)
	72 
(60.00)
	44 
(36.67)
	4 (3.33)
	0
(0.00)

	Increased frequency of drought and crop failure
	0
(0.00)
	88 
(73.33)
	32 
(26.67)
	0
(0.00)
	0
(0.00)

	Increased frequency of floods and farms destructions
	0
(0.00)
	52 
(43.33)
	36
 (30.00)
	32 
(26.67)
	0
(0.00)

	Postharvest losses
	4 
(3.33)
	84 
(70.00)
	24 
(20.00)
	8 
(6.67)
	0
(0.00)

	Pests invasion
	0
(0.00)
	88 
(73.33)
	24 
(20.00)
	8 
(6.67)
	0
(0.00)

	Prevalence of disease
	0
(0.00)
	92  
(76.67)
	16  
(13.33)
	12 
(10.00)
	0
(0.00)

	Poverty and food shortages
	0
(0.00)
	92 
(76.67)
	24 
(20.00)
	4 
(3.33)
	0
(0.00)

	Lack of potable water (for
irrigation or others)
	0
(0.00)
	48 
(40.00)
	60
 (50.00)
	12 
(10.00)
	0
(0.00)

	Flood and Erosions
	0
(0.00)
	20 
(16.67)
	60 
(50.00)
	40 
(33.33)
	0
(0.00)

	Extinction of some crops and crop/livestock varieties
	0
(0.00)
	52 
(43.33)
	60 
(50.00)
	8 
(6.67)
	0
(0.00)


Source: Field Survey, 2024

v.  Adaptation Strategies adopted by smallholder farmers
     The table below presented various adaptation strategies employed by smallholder farmers in response to climate change, highlighting their effectiveness as perceived by respondents. The responses are categorized into "very good results," "good results," "fair results," "never used," and "undecided" to illustrate the success and usage of each strategy.
Highly adopted strategies include varying planting dates, multiple cropping, mixed cropping, manure mulching, cultivating drought-resistant, early maturing crop varieties, flood tolerant varieties, planting new crop varieties and seeking weather information, plough/ridge across the slope, cultivate windbreakers, stop bush burning, digging cut off drainage and native crop insurance. These strategies were rated by the majority of farmers as delivering very good or good results. Minority of the strategies adopted include Migration, nylon mulching These strategies showed generally positive results but with a minority of farmers seeing fair outcomes. Less effective or less commonly adopted strategies include nylon mulching, irrigation, formal insurance, migration, and digging cut-off drainage. These strategies had mixed feedback, with significant portions of respondents either undecided or reporting limited success. Least used or ineffective strategies include stopping bush burning and installing green roofs, which received low adoption rates or undecided responses from most farmers.
In summary, most farmers found success with strategies related to planting practices and crop selection, while more advanced or resource-intensive methods like irrigation, insurance, and green roofs saw lower adoption and effectiveness.

Table 5: Adaptation Strategies adopted by smallholder farmers
	Adaptation strategies 
	Never 
	Very good results 
	Good result 
	Fair result
	Undecided

	Varying the planting dates and period 
	0(0)
	60(50)
	60(50)
	0(0)
	0(0)

	Multiple cropping 
	0(0)
	72(60.00)
	48(40.00)
	0(0)
	0(0)

	Mixed cropping 
	4(3.33)
	76(63.33)
	32(26.67)
	4(3.33)
	4(3.33)

	Manure mulching 
	0(0)
	20(16.67)
	100(83.33)
	0(0)
	0(0)

	Nylon mulching 
	12(10.00)
	12(10.00)
	80(66.67)
	8(6.67)
	12(10.00)

	Plough/ridge across the slope 
	0(0)
	36(30.00)
	86(66.67)
	4(3.33)
	0(0)

	Cultivate drought resistance varieties 
	4(3.33)
	84(70.00)
	28(23.33)
	4(3.33)
	0(0)

	Cultivate early maturing varieties 
	0(0)
	96(80.00)
	24(20.00)
	0(0)
	0(0)

	Cultivate wind breaker crops 
	4(3.33)
	40(33.33)
	76(63.33)
	4(13.33)
	0(0)

	Native farm crop insurance 
	8(6.67)
	44(36.67)
	64(53.33)
	4(3.33)
	0(0)

	Flood tolerant varieties 
	0(0)
	60(50.00)
	48(40.00)
	12(10.00)
	0(0)

	Stop bush burning 
	12(10.00)
	4(3.33)
	76(63.33)
	4(33.33)
	24(20.00)

	Planting new crops varieties 
	0(0)
	64(53.33)
	56(46.67)
	0(0)
	0(0)

	Irrigation 
	48(40.00)
	8(6.67)
	24(20.00)
	8(6.67)
	32(26.67)

	Income diversification 
	0(0)
	56(46.67)
	60(50.00)
	0(0)
	0(0)

	Migration 
	56(46.67)
	20(16.67)
	20(16.67)
	4(3.33)
	20(16.67)

	Use formal insurance 
	60(50.00)
	12(10.00)
	20(16.67)
	0(0)
	28(23.33)

	Digging cut off drainage 
	0(0)
	24(20.00)
	84(70.00)
	12(10.00)
	0(0)

	Installing green roofs 
	80(66.67)
	8(6.67)
	8(6.67)
	0(0)
	24(20.00)

	Seek weather information before planting 
	43.330)
	76(63.33)
	40(33.33)
	0(0)
	0(0)


Source: Field Survey, 2024


vi. Parameter estimates of factors influencing adoption of Climate Change adaptation strategies
     The variables listed in table 6 (age, sex, marital status, household size, etc.) are analyzed for their influence on these three strategies, with coefficients, standard deviations, and z-values provided for each variable across the three adaptation strategies.
Age: For irrigation, soil and water conservation, agroforestry, drought resistance and adjusted planting date, age does not have a significant effect.
[bookmark: _Hlk180636035]Sex: For so drought resistance, the coefficient is 0.2665 with a significant z- value of 2.5, which is significant at 1%, male farmers are more likely to adopt drought resistance. For agroforestry, drought resistance and adjusted planting date, sex does not have a significant effect.
[bookmark: _Hlk180610954]Marital status:  For soil water conservation, the coefficient is 0.0906 with a significant z-value of 2.22, which is significant at 5%, for agroforestry, the coefficient is 0.8868 with a significant z-value of -1.69, which is significant at 10%, For adjusting plating dates the coefficient is 0.0306 with a significant z-value of 2.22 which is significant at 5%, this revealed that married farmers are more likely to adopt agroforestry, soil water conservation, adjusting planting dates. 
[bookmark: _Hlk180636898]Household size: For irrigation, the coefficient is 0.2722 with a significant z-value of 1.91, which is significant at 10%, showing that household size <=5 is more likely to adopt irrigation as their adaptation strategy, for soil water conservation, the coefficient is 0.0579 with a significant z-value of 1.73, which is significant at 10%, 
Years of schooling: For soil & water conservation, the coefficient is 0.0227 with a significant z-value of 3.08, which is significant at 1%, showing that educated farmers are more likely to adopt the method. Education also influences the adoption of both drought resistance (0.1094, z-value -2.28) which is significant at 5% and adjusted planting date (0.2863, z-value 3.89) which is significant at 1%. This showed that educated farmers are more likely to adopt this method.
Farm size: Farm size that is <=5 positively influence the adoptions of agroforestry (0.2014, z-value 1.99) which is significant at 5%, drought resistance (0.0670, z- value of 3.45) which is also significant at 1%, by farmers, showing that farmers with a farm size that is <=5 are more likely to adopt these methods.
Years of farming experience: Farmers with the older farming experience are more likely to adopt Agroforestry, with the coefficient of 0.0359, z-value -1.87 which is significant at 10%, agroforestry, with the coefficient of 0.165, z-value 1.74 which is significant at 10%, and adjusted planting date, with the coefficient of 0.1752, z-value of 1.92, which is positively significant at 10%.
[bookmark: _Hlk180637376]Belonging to a farmer organization: For drought resistance, the coefficient is 0.0306, z-value 2.22 which is significant at 5% and adjusting of planting date, the coefficient 1.741, z-value 3.01 which is significant at 1%.
Insecure property right: For irrigation, the coefficient is 1.6392 with a significant z-value of -3.40, which is significant at 1%, It has significant influence on soil & water conservation, and agroforestry (0.1923, z-value 3.35 which is significant at 1%) (0.8584, z-value -1.97 which is also significant at 5%). It has significant drought resistance and adjusting of planting date, (0.326, z-value 2.20 which is significant at 5%) (-1.400, z-value -1.97 which is also significant at 5%).  Meaning farmers that have insecure property right are more likely to adopt these methods.
Cultural/ traditional belief: It has significant positive influence on agroforestry and adjusted planting date. (0.005, z-value 1.80, which is significant at 10%) (0.064, z-value 2.85, which is significant at 1%). Meaning that farmers who hold cultural and traditional beliefs are more likely to adopt both agroforestry and adjusted planting date as their adaptation strategies.





Table 6: Parameter estimates of factors influencing adoption of Climate Change adaptation strategies
	Variables 
	Irrigation use
	Soil & Water Conservation
	Agroforestry

	
	Coeff .
	Std.Err
	z-value  
	Coeff. 
	Std.Err
	z-value 
	Coeff. 
	Std.Err
	z-value

	Age 
	-0.0168
	0.0222
	-0.76
	0.0238
	0.0197
	1.21
	0.0095
	0.0228
	0.42

	Sex 
	-0.4033
	0.4173
	-0.96
	0.2932
	0.3299
	0.89
	-0.3547
	0.3966
	-0.89

	Marital status
	-0.2581
	0.5095
	-0.51
	0.0906
	0.0407
	2.22**
	-0.8868
	0.5243
	-1.69*

	Household size
	0.2722
	0.1425
	1.91*
	0.0579
	0.0335
	1.73
	0.2193
	0.1366
	1.61*

	Year of schooling
	-0.0277
	0.0521
	-0.53
	0.0227
	0.0073
	3.08***
	0.0325
	0.0546
	0.60

	Farm experience
	-0.0053
	0.0183
	-0.29
	-0.0124
	0.0167
	-0.74
	0.0359
	0.0192
	-1.87*

	Farm size
	 0.1553
	0.1005
	1.54
	-0.0133
	0.0676
	-0.20
	0.2014
	0.1011
	1.99**

	Association membership
	 0.2774
	0.5037
	0.54
	0.2868
	0.3936
	0.73
	0.0107
	0.4812
	-0.02

	Insecure property right
	-1.6393
	0.4815
	-3.40***
	0.1923
	0.0573
	3.35***
	-0.8583
	0.4354
	-1.97**

	Cultural/trad. belief
	-0.3936
	0.6941
	-0.57
	-0.6337
	0.5630
	-1.13
	-2.0473
	5.3157
	0.39

	Constant
	-0.0397
	0.0096
	-4.12***
	-0.2907
	0.0523
	5.56***
	6.5584
	0.7328
	8.95*


Source: Field Survey, 2024






Table 7: Parameter estimates of factors influencing adoption of Climate Change adaptation strategies
	Variables 
	Drought Resistant varieties
	Adjusted planting date 

	
	Coeff. 
	Std.  Err
	z
	Coeff. 
	Std. Err
	z

	Age 
	0.0006
	0.0218
	0.03
	0.0136
	0.0451
	0.30

	Sex 
	0.2665
	0.1242
	2.15**
	0.0488
	0.4338
	0.11

	Marital status
	0.5672
	0.4376
	1.30
	0.3067
	0.0138
	2.22**

	Household size
	-0.1179
	0.1180
	-1.00
	0.1823
	0.1581
	1.15

	Year of schooling
	-0.1094
	0.0480
	-2.28***
	0.2863
	0.0735
	3.89***

	Farm experience
	0.0129
	0.0191
	0.67
	0.1752
	0.0913
	1.92**

	Farm size
	0.0670
	0.0194
	3.45***
	-0.0497
	0.0967
	-0.51

	Membership of association
	0.0307
	0.0138
	2.22**
	1.7408
	0.5791
	3.01***

	Insecure property right
	0.0326
	0.0148
	2.20**
	-1.4004
	0.7996
	-1.75*

	Cultural/traditional belief
	0.4261
	0.5475
	-0.78
	0.1855
	0.7911
	0.23

	Constant
	2.8685
	1.3954
	2.06**
	-6.0269
	2.0463
	-2.95***


Source: Field Survey, (2024)
CONCLUSION AND RECOMMENDATIONS
i. Conclusion
In conclusion, this study has illuminated the socio-economic characteristics of farmers in Ayedire, shedding light on the multifaceted causes of climate change and underscoring the urgent need for increased awareness about its impacts. The significant changes in climatic variables have profound implications for farmers, leading to post-harvest losses and various forms of agricultural damage. The identified constraints to adopting new adaptation strategies highlight a critical need for government intervention to address these issues effectively.
ii. Recommendations
Furthermore, this research illustrates the vital role of smallholder farmers in Ayedire Local Government Area in sustaining food security, not only within their localities but also across the state and the nation. Smallholder farmers represent a powerful force in the agricultural sector, and it is imperative to prioritize their needs. Recommendations for action include:
· Raising Awareness: There is a pressing need to enhance awareness among farmers about climate change and its potential impacts on their livelihoods.
· Access to Credit: Providing farmers with access to credit facilities is essential to empower them to mitigate the effects of climate change effectively.
· Addressing Constraints: The government should actively work to identify and alleviate any constraints that hinder farmers from adopting effective climate change adaptation strategies.
By prioritizing these areas, stakeholders can help strengthen the resilience of smallholder farmers and promote sustainable agricultural practices in the face of ongoing climatic challenges.
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