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ABSTRACT

	Aims: This study examined gender differences in vulnerability and adaptation to climate change among fish farmers. 
Study design A multi-stage sampling technique.
Place and Duration of Study: Ido Local Government Area (ILGA) of Oyo State, Nigeria, between July 2023 and August 2023.
Methodology: We randomly selected 120 fish farmers from eight villages across four wards in ILGA. 
Results The findings revealed that the majority (66.7%) of the respondents were male. Both male (25.8%) and female (15.0%) respondents were predominantly within the 36–45 age bracket, with mean ages of 40.76 ± 1.09 years for males and 38.90 ± 9.54 years for females. In terms of educational attainment, 40.0% of males and 18.3% of females possessed tertiary education, while 29.2% of males and 18.3% of females had between 1 and 10 years of fish farming experience. Extension agents and newspapers were identified as the major sources of climate change information. Both male and female farmers demonstrated awareness of climate change impacts, with perceived vulnerability being highest for poor-quality harvests (M = 1.40 ± 0.06; F = 1.43 ± 0.08) and heat stress on fish (M = 1.43 ± 0.06; F = 1.40 ± 0.08). Regarding adaptation strategies, both genders most frequently adopted short production cycles (M = 1.36 ± 0.05; F = 1.38 ± 0.08) and the use of boreholes (M = 1.39 ± 0.05; F = 1.35 ± 0.08), though in varying order of preference. Inadequate capital was identified by both genders as the primary constraint to effective adaptation. 
Conclusion: Overall, the findings highlight that socio-economic factors, access to information, and financial capacity play key roles in shaping the vulnerability and adaptive responses of fish farmers. The study therefore recommends that financial institutions provide accessible soft loans with low interest rates to enhance fish farmers’ adaptive capacity to climate change.
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1. INTRODUCTION

Aquaculture is defined by the Food and Agriculture Organization (FAO) as the farming of aquatic organisms—comprising fish, shellfish, and aquatic plants—under managed conditions (FAO, 2010). It serves as an important livelihood activity, contributing to both food security and household income (FAO, 2012). In the African context, it is an essential livelihood activity that supports both income generation and food security (Roscher et al. 2018). It has generated both direct and indirect employment opportunities for households in urban and rural communities across Nigeria. The Food and Agriculture Organization (FAO, 2011) reports that women constitute, on average, 43% of the agricultural labor force. Although, women make substantial contributions, their livelihoods, rights, and socio-economic status remain less recognized and less secure than those of men. (Terry, 2009).
Environmental alterations resulting from climate change pose a considerable threat to aquaculture activities. According to Brander et al., (2018), aquaculture-reliant communities, especially in tropical regions, are highly vulnerable to these changes. Aquaculture has also been recognized as a significant source of climate change, producing roughly seven percent of greenhouse gas emissions associated with global agriculture (He et al., 2018). Indicators of climate change in aquaculture encompass deteriorating water quality, elevated stress in fish, delayed or suboptimal hatching, fluctuations in growth and mortality rates, and outbreaks of diseases. Tschakert (2012) highlights that climate change is expected to disproportionately threaten smallholder fish farmers by heightening their socio-economic risks. The effects of these drivers are undermining the socio-economic stability of households, especially women, who depend on fish as a source of food and livelihood. 
Demetriades and Esplen (2008) highlight that gender disparities reduce women’s effectiveness in addressing the effects of climate change on food production. The effects of climate change, as highlighted by Arora-Jonsson (2011), are projected to escalate further because of policies that perpetuate discrimination. Climate variability is increasingly exacerbating the vulnerability of fish farmers, particularly small-scale and individual operators, by contributing to production and livelihood losses. A system is considered vulnerable when it lacks the capacity to cope with the adverse effects of climate change (IPCC, 2007). Research indicates that least-developed and developing countries are the most susceptible to such impacts, largely due to limited adaptive capacity (Allison et al., 2009). Adaptation, as defined by Mani et al., (2008), encompasses efforts to adjust to both ongoing and potential effects of climate change. 
While the gender dimensions of climate change and food security have been widely addressed in the development literature (Dankelman, 2010; World Bank, 2013; Farnworth & Colverson, 2015; Mukasa & Salami, 2016; Parker, 2016), Omolo (2010) observes that the interaction between climate change and the socio-economic realities of vulnerable communities remains poorly understood. Consequently, assessing gender-specific vulnerability among fish farmers, as well as their adaptive strategies, is essential for safeguarding livelihoods. This study therefore examines gender vulnerability and adaptability to climate change among fish farmers in Ido Local Government Area of Oyo State.

2. methodology
2.1 Study Area
Ido Local Government Area (ILGA) is located in the rainforest zone of Southwestern Nigeria, between latitudes 6°45′N and 9°41′N and longitudes 2°30′E and 5°15′E. Covering approximately 986 km², the area had a population of 103,261 as of the 2006 census, with 57% of land dedicated to agriculture. The region experiences a tropical climate with annual rainfall of 1,200–2,000 mm and average temperatures of 25–32°C. Soils are predominantly loamy and fertile, and water resources—including rivers, streams, and seasonal ponds—support aquaculture activities. Despite these favorable conditions, climate variability, flooding, and pollution present challenges to sustainable fish farming.
2.2 Sampling and Data Collection
A multi-stage sampling technique was used to select respondents. Four (4) wards—Akufo, Bakantari, Omi-Adio, and Ido—were randomly chosen from ten (10) wards in ILGA. Two (2) villages were then randomly selected from each ward, yielding eight (8) villages. Finally, fifteen (15) fish farmers were randomly selected from each village, giving a total sample size of 120 respondents. Data were collected via a structured questionnaire administered directly to participants. Ethical protocols were observed, including voluntary participation and confidentiality.
2.3 Data Analysis
Collected data were analyzed using descriptive statistics, including frequency distributions, means, and percentages, to examine respondents’ socio-economic characteristics, vulnerability to climate change, and adaptation strategies. The methodology allowed for systematic assessment of gender-specific vulnerabilities and adaptive capacities among fish farmers in the study area.

3. results and discussion
The results of this study are presented and discussed according to the specific objectives.
3.1 Socio-Demographic Characteristics of Respondents
3.1.1 Gender of Respondents
As shown in Table 1, 66.7% of the respondents were male, indicating higher male participation in fish farming compared to females in the study area. This finding aligns with Digun-Aweto and Oladele (2017) and reflects the labor-intensive nature of fish farming, which may limit female participation. The gender distribution suggests that roles in fish production and climate change perception can be effectively shared between men and women.
3.1.2 Age 
The age distribution in Table 1 indicates that 25.8% of males and 15.0% of females were between 36 and 45 years, with mean ages of 40.76±1.09 years (male) and 38.9±9.54 years (female). This suggests that a slight majority of respondents are in their active working age, which may enhance their capacity to adopt technologies for climate change adaptation. This agrees with Williams et al., (2012), who noted that age significantly influences decision-making.
3.1.3 Educational Status
Educational attainment (Table 1) shows that 40.0% of males and 18.3% of females had tertiary education, indicating that both genders are relatively well-educated. Education is a critical socio-economic factor influencing farmers’ ability to adopt innovations. Therefore, the respondents’ educational level may positively affect their adoption of climate-smart practices.
3.1.4 Fish Farming Experience
Table 1 further indicates that 29.2% of males and 18.3% of females had between 1 and 10 years of fish farming experience. This suggests that a majority of female respondents are relatively new entrants, which may limit their knowledge of adaptive measures to climate change. This observation aligns with Williams et al., (2012), who reported that experience and age correlate with decision-making in farming.
3.1.5 Pond Ownership
Ownership of personal fish ponds, as shown in Table 1, was higher among males (57.5%) than females (30.8%), reflecting gender disparities in access to productive resources, consistent with Arora-Jonsson (2011).
3.1.6 Membership of Cooperative Societies
Table 1 also shows that 52.5% of males and 29.2% of females were members of cooperative or social groups. Such membership provides access to markets, credit facilities, and extension services, highlighting the role of social affiliation in supporting fish farming (Basorun & Olakulehin, 2007). 
Overall, the results suggest that socio-economic factors, including gender, age, education, experience, and social affiliation, influence fish farmers’ capacity to adopt climate change adaptation strategies in the study area.
Table 1: Socio-economic characteristics of the respondents
 
	
Variables 
	Male
Frequency (%) 
	Mean±S.E
	Female
Frequency (%)
	Mean±S.E

	Gender
	80 (66.7)
	
	40 (33.3)
	

	Marital status
	
	
	
	

	Married
	60 (50.0)
	
	31 (25.8)
	

	Single
	17 (14.2)
	
	8 (6.7)
	

	Widowed
	3 (2.5)
	
	1 (0.8)
	

	Age 
	
	40.76±1.09
	
	38.9±9.54

	< 25
	8 (6.7)
	
	5 (4.2)
	

	26-35
	17 (14.2)
	
	8 (6.7)
	

	36-45
	31 (25.8)
	
	18 (15.0)
	

	46-55
	9 (7.5)
	
	4 (3.3)
	

	>56
	15 (12.5)
	
	5 (4.2)
	

	Educational status
	
	
	
	

	Primary
	8 (6.7)
	
	2 (1.7)
	

	Secondary
	23 (19.2)
	
	15 (12.5)
	

	Tertiary
	48 (40.0)
	
	22 (18.3)
	

	No formal
	1 (0.8)
	
	1 (0.8)
	

	Household size
	
	3.6±1.60
	
	3.6±1.66

	< 4
	64 (53.3)
	
	31 (25.8)
	

	5-10
	16 (13.3)
	
	9 (7.5)
	

	Fish farming experience
	
	11.54±5.71
	
	10.8±5.17

	1-10
	35 (29.2)
	
	22 (18.3)
	

	11-20
	39 (32.5)
	
	18 (15.0)
	

	21 and above
	3 (2.5)
	
	0 (0)
	

	Member of cooperative society
	
	
	
	

	Yes
	63 (52.5)
	
	35 (29.2)
	

	No
	17 (14.2)
	
	5 (4.2)
	

	Access to credit 
	
	
	
	

	Yes
	57 (47.5)
	
	31 (25.8)
	

	No
	23 (19.2)
	
	9 (7.5)
	

	Number of fingerlings stocked
	
	
	
	

	< 1000
	10 (8.3)
	
	7 (5.8)
	

	1001-2000
	35 (29.2)
	
	19 (15.8)
	

	2001-3000
	13 (10.8)
	
	4 (3.3)
	

	3001-4000
	7 (5.8)
	
	5 (4.2)
	

	> 4000
	15 (12.5)
	
	5 (4.2)
	

	Do you own a pond
	
	
	
	

	Yes
	69 (57.5)
	
	37 (30.8)
	

	No
	11 (9.2)
	
	3 (2.5)
	

	Sources of water
	
	
	
	

	Stream
	66 (55.0)
	
	30 (25.0)
	

	River
	9 (7.5)
	
	8 (6.7)
	

	Well
	5 (4.2)
	
	2 (1.7)
	


Source: Fieldwork, 2023
3.2 Sources of information on climate change
The analysis in Table 2 indicates that respondents accessed information on climate change from multiple sources. For male respondents, extension workers and newspapers were the primary sources of information, while female respondents relied mainly on extension workers and neighbors or friends. This pattern likely reflects differences in accessibility and social networks between genders. Several factors, including literacy level, social interaction, and availability of media, may have influenced respondents’ choice of information sources. Interestingly, these findings differ from those of Ijatuyi (2016), who reported that radio was the most commonly used source of climate change information among farmers. The results suggest that extension services play a critical role in disseminating climate information and that gender-specific preferences should be considered when designing communication strategies for climate adaptation.
Table 2: Source of information on climate change
	
	Male
	
	Female
	

	Sources
	Yes
	No
	Mean±S.E
	Yes
	No
	Mean±S.E

	Extension workers
	31(25.8)
	49(40.8)
	1.61±0.05 (1st)
	12(10.0)
	28(23.3)
	1.7±0.07 (1st)  

	Fish famers’ association
	66(55.0)
	14(11.7)
	1.08±0.03 (6th)
	37(30.8)
	3(2.5)
	1.03±0.03 (6th)

	Internet
	58(48.3)
	22(18.3)
	1.28±0.05 (4th)
	26(21.7)
	14(11.7)
	1.35±0.09 (3rd)

	Neighbors/Friends
	47(39.2)
	33(27.5)
	1.41±0.06 (2nd)
	25(20.8)
	15(12.5)
	1.38±0.08 (2nd)

	Newspapers
	47(39.2)
	33(27.5)
	1.41±0.06 (2nd)
	27(22.5)
	13(10.8)
	1.33±0.08 (4th)

	Radio/Television
	12(10.0) 
	68(56.7)
	1.15±0.04 (5th)
	6(5.0)
	34(28.3)
	1.15±0.06 (5th)


	All figures in parentheses are in percentage 
Source: Fieldwork, 2023
3.3 Fish Farmers’ Awareness of Climate Change
Table 3 shows that respondents exhibited varying levels of awareness regarding climate change. Both male and female respondents shared similar perceptions of the duration of the harmattan season. Differences in awareness of other climate-related events, such as floods, appear to be influenced by individual experiences during their periods of fish production. Although respondents were generally aware of flooding, it ranked low among perceived threats, likely because many had not directly experienced it. This finding contrasts with Oyebola et al., (2018), who reported that floods are a major threat to fish farming in Nigeria and other developing countries. The results suggest that personal experience plays a significant role in shaping farmers’ awareness of specific climate risks, highlighting the need for targeted extension services to address less visible or infrequent climate hazards.
Table 3: Fish farmer’s awareness of climate change
	
	                     Male
	
	                Female
	

	Climate change variables
	Yes
	No
	Mean±S.E
	Yes
	No
	Mean±S.E

	Flood 
	65(54.2)
	15(12.5)
	1.21±0.05 (7th)
	31(25.8)
	9(7.5)
	1.2±0.06 (5th)

	Short period of harmattan
	33(27.5)
	47(39.2)
	1.59±0.06 (1st)
	19(15.8)
	21(17.5)
	1.53±0.08 (1st)

	High temperature
	58(48.3)
	22(18.3)
	1.28±0.05 (4th)
	26(21.7)
	14(11.7)
	1.35±0.08 (2nd)

	Excessive wind
	51(42.5)
	29(24.2)
	1.36±0.05 (2nd)
	28(23.3)
	12(10.0)
	1.3±0.07 (3rd)

	High heat waves
	58(48.3)
	22(18.3)
	1.28±0.05 (4th)
	32(26.7)
	8(6.7)
	1.2±0.06 (5th)

	High sunshine drought 
	56(46.7)
	24(20.0)
	1.3±0.05 (3rd)
	31(25.8)
	9(7.5)
	1.2±0.07 (4th)

	Increase incident of pest and diseases 
	58(48.3)
	22(18.3)
	1.28±0.05 (4th)
	32(26.7)
	8(6.7)
	1.2±0.06 (5th)    


	All figures in parentheses are in percentage 
Source: Fieldwork, 2023
3.4 Vulnerability Effects of Climate Change on Fish Farming
Table 4 presents the perceived vulnerability of fish farming to climate change among respondents. Both male and female farmers identified poor-quality harvest (M = 1.40±0.06; F = 1.43±0.08) and heat stress on fish (M = 1.43±0.06; F = 1.40±0.08) as the most significant climate-related challenges. These vulnerabilities are largely attributed to insufficient water availability, particularly during the dry season. This finding aligns with Adebo and Ayelari (2011), who emphasized that successful aquaculture depends on adequate water in both quality and quantity. Heat stress and poor water conditions increase fish mortality, directly affecting farmers’ income. This observation corroborates Dewit and Stankiewicz (2006), who reported that the adverse impacts of climate change on fish farming manifest through reduced fish yields and decreased household earnings. Overall, the results highlight that water scarcity and thermal stress are primary drivers of vulnerability in smallholder fish farming systems.    
  Table 4: Vulnerability effect of climate change on fish farming
	
	                   Male
	
	             Female
	

	Vulnerability 
	Yes
	No
	Mean±S.E
	Yes
	No
	Mean±S.E

	Change in quantity of fish cultured
	64(53.3)
	16(13.3)
	1.2±0.05 (9th)
	28(23.3)
	12(10.0)
	1.3±0.07 (3rd)

	Reduces farmers income 
	67(55.8)
	13(10.8)
	1.16±0.04 (11th)
	33(27.5)
	7(5.8)
	1.12±0.06 (10th)

	Climate change has led to fish infestation and disease 
	62(51.7)
	18(15.0)
	1.23±0.05 (7th)
	30(25.0)
	10(8.3)
	1.25±0.07 (6th)

	Reduction in size of the fish 
	64(53.3)
	16(13.3)
	1.2±0.05 (9th)
	31(25.8)
	9(7.5)
	1.23±0.07 (8th)

	Death of fish is increasing due to climate change 
	55(45.8)
	25(20.8)
	1.31±0.05 (3rd)
	29(24.2)
	11(9.2)
	1.28±0.07 (4th)

	Increase in heat stress on fish because of climate change
	46(38.3)
	34(28.3)
	1.43±0.06 (1st)
	24(20.0)
	16(13.3)
	1.4±0.08 (2nd)

	Reduction in egg production in brood stocks due to climate change
	57(47.5)
	23(19.2)
	1.29±0.05 (5th)
	30(25.0)
	10(8.3)
	1.25±0.07 (6th)

	Climate change has caused reduction in quality of fish
	56(46.7)
	24(20.0)
	1.3±0.05 (4th)    
	29(24.2)
	11(9.2)
	1.28±0.07 (4th)

	Frequent occurrences of floods during the raining season is a result of climate change
	62(51.7)
	18(15.0)
	1.23±0.05 (7th)   
	33(27.5)
	7(5.8)
	1.12±0.06 (10th)     

	Poor quality harvest 
	48(40.0)
	32(26.7)
	1.4±0.06 (2nd)     
	23(19.2)
	17(14.2)
	1.43±0.08 (1st)     

	Poor growth of the fish 
	61(50.8)
	19(15.8)
	1.24±0.05 (6th)   
	31(25.8)
	9(7.5)
	1.23±0.07 (8th)      


	All figures in parentheses are in percentage 
Source: Fieldwork, 2023
3.5 Adaptation Strategies to Climate Change by Fish Farmers
Table 5 presents the adaptation strategies employed by fish farmers to cope with climate change in the study area. Both male and female respondents prioritized short production cycles (M = 1.36±0.05; F = 1.38±0.08) and the use of borehole water (M = 1.39±0.05; F = 1.35±0.08) as key adaptive measures. These strategies are aimed at mitigating the effects of water scarcity and thermal stress on fish productivity. The findings differ from Onyeneke et al., (2018), who reported that planting banana and plantain trees was a common climate adaptation strategy among farmers. The variation highlights that adaptation measures are context-specific and influenced by the nature of the livelihood activity, with aquaculture farmers prioritizing strategies that directly address water availability and production continuity.



Table 5: Adaptation strategies to climate change by fish farmers
	
	               Male
	
	             Female
	

	Adaptation strategies 
	Yes
	No
	Mean±S.E
	Yes
	No
	Mean±S.E

	Planting of banana trees as shade
	77(64.2)
	10(8.3)
	1.13±0.04
	37(30.8)
	3(2.5)
	1.08±0.04      


	Biosecurity 
	70(58.2)
	3(2.5)
	1.04±0.02
	35(29.2)
	5(4.2)
	1.13±0.05     

	Isolation of sick fish 
	58(48.3)
	22(18.3)
	1.28±0.05
	33(27.5)
	7(5.8)
	1.18±0.06      

	Avoiding pond linkages 
	68(56.7)
	12(10.0)
	1.15±0.04     
	32(26.7)
	8(6.7)
	1.2±0.06     

	Stocking healthy fingerlings 
	72(60.0)
	8(6.7)
	1.1±0.03
	34(28.3)
	6(5.0)
	1.15±0.06

	Diversion of water ways
	68(56.7)
	12(10.0)
	1.15±0.04
	32(26.7)
	8(6.7)
	1.2±0.06    

	Ensure use of perennial borehole 
	49(40.8)
	31(25.8)
	1.39±0.05
	26(21.7)
	14(11.7)
	1.35±0.08      

	Avoid construction of pond near stream 
	56(46.7)
	24(20.0)
	1.3±0.05
	29(24.2)
	11(9.2)
	1.28±0.07     

	Use of plastic net to prevent flooding 
	54(45.0)
	26(21.7)
	1.33±0.05
	29(24.2)
	11(9.2)
	1.28±0.07      

	Short cycle of production 
	51(42.5)
	29(24.2)
	1.36±0.05
	25(20.8)
	15(12.5)
	1.38±0.08      

	Stocking during dry season 
	57(47.5)
	23(19.2)
	1.29±0.05     
	30(25.0)
	10(8.3)
	1.25±0.07     


	All figures in parentheses are in percentage 
Source: Fieldwork, 2023
3.6. Constraints to the Use of Adaptation Strategies by Fish Farmers
 Table 6 presents the constraints limiting the adoption of climate change adaptation strategies among fish farmers in the study area. Both male and female respondents identified inadequate capital as the primary barrier. This finding indicates that limited financial resources restrict farmers’ ability to implement modern adaptation measures, such as improved water management and short production cycles. The result corroborates the observations of Otitoju and Enete (2016), who reported that insufficient capital is a major constraint to mitigating the effects of climate change in agricultural systems. Addressing financial limitations through access to credit and low-interest loans is therefore essential to enhance the adaptive capacity of fish farmers

Table 6: Constraints to the use of adaptation strategies to climate change used by fish farmers
	
Constraints
	
Very severe
	Male
Severe
	
Not severe
	
Mean±S.E
	
Very severe
	Female
Severe
	
Not severe
	
Mean±S.E

	Inadequate capital                 
	55(45.8)
	20(16.7)
	5(4.2)
	2.63±0.07      
	30(25.0)
	8(6.7)
	2(1.7)
	2.7±0.09      

	Poor access to information on climate change    
	35(29.2)
	30(25.0)
	15(12.5)
	2.25±0.08
	18(15.0)
	17(14.2)
	5(4.2)
	2.33±0.11

	Poor infrastructural facilities           
	43(35.8)
	31(25.8)
	6(5.0)
	2.46±0.07      
	21(17.5)
	17(14.2)
	2(1.7)
	2.48±0.09   

	Land tenure system             
	27(22.5)
	40(33.3)
	13(10.8)
	2.18±0.08
	15(12.5)
	21(17.5)
	4(3.3)
	2.28±0.10    

	Low level of education         
	31(25.8)
	34(28.3)
	15(12.5)
	2.2±0.08
	14(11.7)
	22(18.3)
	4(3.3)
	2.25±0.1

	Lack of improved fishing technologies   
	36(30.0)
	33(27.5)
	11(9.2)
	2.31±0.08
	16(13.3)
	21(17.5)
	3(2.5)
	2.33±0.1

	Lack of credit facilities         
	40(33.3)
	33(27.5)
	7(5.8)
	2.41±0.07     
	21(17.5)
	16(13.3)
	3(2.5)
	2.45±0.1

	Absence of government policy on climate change      
	41(34.2)
	32(26.7)
	7(5.8)
	2.43±0.07     
	22(18.3)
	15(12.5)
	3(2.5)
	2.48±0.1

	Low level of awareness                                     
	39(32.5)
	30(25.0)
	11(9.2)
	2.35±0.08
	20(16.7)
	16(13.3)
	4(3.3)
	2.4±011

	Lack of cooperative society 
	41(34.2)
	28(35.0)
	11(9.2)
	2.38±0.08      
	20(16.7)
	16(13.3)
	4(3.3)
	2.4±0.11

	Inadequate agricultural extension service delivery       
	42(52.5)
	33(27.5)
	5(4.2)
	2.46±0.07      
	18(15.0)
	20(16.7)
	2(1.7)
	2.4±0.09

	High cost of farm inputs        
	40(33.3)
	32(26.7)
	8(6.7)
	2.4±0.07
	117(97.5)
	18(15.0)
	5(4.2)
	2.3±0.11


	All figures in parentheses are in percentage 
Source: Fieldwork, 2023
4. Conclusion
The study revealed that fish farming in Ido Local Government Area is predominantly male-dominated, reflecting the labor-intensive nature of the activity. Most respondents were aged between 36 and 45 years and possessed tertiary education, while the majority had 1 to 10 years of fish farming experience. Extension workers and newspapers were identified as the main sources of climate change information. Respondents exhibited varying levels of awareness about climate change, with vulnerability differing across gender and socio-economic characteristics. Inadequate capital was consistently reported as the most significant constraint limiting the adoption of climate change adaptation strategies. Overall, the findings highlight that socio-economic factors, access to information, and financial capacity play key roles in shaping the vulnerability and adaptive responses of fish farmers.
RECOMMENDATION
To enhance the adaptive capacity of fish farmers, financial institutions should provide accessible soft loans at low-interest rates to support the acquisition of resources and technologies necessary for climate-smart aquaculture. Additionally, targeted extension services and training programs should be implemented to improve awareness and adoption of effective adaptation strategies, particularly among female farmers and less experienced operators.
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