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Abstract
Climate change has emerged as a major threat to sustainable agriculture, particularly in drought-prone regions like Marathwada in Maharashtra, where cotton is a dominant crop grown largely under rainfed conditions. Farmers’ perception of climate change and their adaptability are critical determinants of agricultural resilience. These behavioural responses are influenced by several socio-economic and psychological characteristics, collectively referred to as their impact profile. This study was conducted in Beed district, purposively selected based on documented evidence from the Central Research Institute for Dryland Agriculture (CRIDA) and the India Meteorological Department (IMD) identifying it as one of the most climate-vulnerable districts in India, with recurrent droughts, delayed monsoons, and heat stress. A multi-stage purposive-cum-random sampling design was adopted: in the first stage, Beed and Georai taluks were purposively selected due to their high cotton acreage and repeated exposure to climatic variability; in the second stage, five villages from each taluk were purposively selected based on drought history and proportion of cotton cultivation; in the final stage, ten cotton-growing farmers were randomly selected from each village, resulting in a total sample of 100 respondents. The sample size was determined considering resource feasibility and precedents from similar micro-level climate adaptation studies. Data were collected using structured interviews on variables such as age, education, family size, farming experience, landholding, annual income, extension contact, sources of information, and risk orientation. The dependent variables were perception and adaptability towards climate variability. Correlation analysis indicated that education, annual income, extension contact, and access to information had a highly significant positive relationship with both perception and adaptability. Variables such as age, farming experience, landholding, and risk orientation showed significant relationships at the 5% level. The findings highlight the importance of strengthening extension services, improving access to climate information, and enhancing farmer education to build climate resilience in cotton farming communities.
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Introduction
Climate change has emerged as one of the most pressing challenges to agricultural sustainability in the 21st century, with impacts that are becoming increasingly evident and measurable. Manifestations such as erratic rainfall patterns, rising average temperatures, unseasonal storms, prolonged droughts, and more frequent extreme weather events are not only altering crop growth cycles but also threatening global food security. The agricultural sector—particularly in developing countries—faces heightened vulnerability due to its dependence on natural climatic rhythms. As per the Intergovernmental Panel on Climate Change (IPCC, 2023), South Asia is among the most susceptible regions, with India at the forefront due to its agrarian-based economy and heavy reliance on climate-sensitive crops.
Agriculture in India remains a critical livelihood source, providing employment to more than half of its population. Yet, approximately 60% of cultivated land continues to depend on rainfed conditions, making production highly sensitive to seasonal variability. Among the diverse range of crops cultivated, cotton occupies a unique position. It is both a vital cash crop for the economy and a primary source of livelihood for millions of smallholder farmers. However, its long growth period, high water requirements, and susceptibility to temperature extremes make it particularly prone to climatic disruptions. Variations in rainfall timing, intensity, and distribution during the cotton-growing season can result in drastic yield fluctuations, impacting farmer incomes and rural economic stability.
The Marathwada region of Maharashtra stands out as one of India’s most climate-sensitive agricultural belts. Historical data indicate recurrent droughts, delayed monsoons, extended dry spells, and episodes of heat stress, all of which have contributed to agricultural distress in the region. Beed district, a core cotton-growing zone within Marathwada, has been classified by the Central Research Institute for Dryland Agriculture (CRIDA) as one of the most climate-vulnerable districts in the country. The district typically receives an average annual rainfall between 600–800 mm, predominantly during the southwest monsoon (June–September). However, rainfall patterns are erratic, and irrigation infrastructure is limited, making agricultural production highly rainfall-dependent. Cotton cultivation in the region is primarily rainfed, and yields are often compromised when rainfall deficits coincide with critical growth stages such as flowering and boll formation.
In such fragile agro-ecological systems, farmers’ behavioral responses to climate variability become crucial for determining agricultural resilience. Two key aspects of this response—perception and adaptability—play a decisive role. Perception refers to a farmer’s awareness, interpretation, and understanding of changes in climate parameters over time, while adaptability encompasses the set of strategies and actions taken to cope with or adjust to those changes. These may include altering sowing dates, selecting drought-resistant varieties, employing soil moisture conservation practices, or diversifying cropping patterns.
The degree of perception and adaptability is not uniform across farming communities; it is mediated by profile characteristics—socio-economic, demographic, and psychological factors that influence decision-making capacity. Age, education, landholding size, farming experience, annual income, extension contact, access to information, and risk orientation have been shown in earlier studies to be significant determinants (Chandran & Surendran, 2017; Khatri-Chhetri et al., 2019). For example, better-educated farmers may interpret climate advisories more effectively, whereas farmers with higher incomes may have more resources to invest in adaptive technologies. Conversely, marginalized farmers may perceive risks but lack the means to respond effectively.
Despite the increasing body of literature on climate change and agriculture, there is a noticeable research gap at the micro level, particularly in drought-prone cotton belts of Maharashtra. Most existing studies either focus broadly on climate impacts or address adaptation in irrigated contexts, leaving a need for farmer-specific, regionally contextualized analysis of the socio-economic factors shaping both perception and adaptability.
The present study aims to fill this gap by focusing on Beed district, using a farmer-centered approach to examine how profile characteristics influence perceptions of climate change and adaptability to its impacts. The study’s findings are intended to provide empirical evidence that can guide local adaptation strategies, strengthen climate-focused extension services, and contribute to policy frameworks aimed at building resilience in semi-arid farming systems.
Objectives
1. To assess the profile characteristics of cotton farmers in Beed district.
2. To determine the relationship between profile characteristics and perception/adaptability to climate variability using statistical correlation analysis.
Methodology
Study Area
The research was undertaken in Beed district, situated in the Marathwada region of Maharashtra, India. The district is characterized by semi-arid climatic conditions with high interannual variability in rainfall. The southwest monsoon contributes the majority of annual precipitation, yet its timing and distribution have become increasingly erratic. The agricultural landscape is dominated by black cotton soils (vertisols), which are inherently fertile but highly dependent on timely rainfall for moisture retention. Cotton is the principal kharif crop grown here, alongside secondary crops such as soybean, pigeon pea, and sorghum.
Research Design
Given the nature of the research questions, an ex-post facto research design was chosen. This design is appropriate when the independent variables—such as farmer age, education, and farming experience—cannot be manipulated. Instead, the study investigates existing relationships and differences among farmers to infer causal linkages.
Sampling Procedure
A multi-stage purposive-cum-random sampling technique was employed to ensure that the study captured both the most climate-relevant areas and a representative set of cotton farmers.
· Stage 1 (Taluk Selection – Purposive): Two taluks, Beed and Georai, were purposively selected based on secondary data from CRIDA and IMD indicating their high climate vulnerability, recurrent droughts, delayed monsoons, and significant cotton cultivation area.
· Stage 2 (Village Selection – Purposive): From each taluk, five villages were purposively selected using criteria such as frequency of drought occurrence in the last decade, proportion of land under cotton cultivation, and accessibility for data collection.
· Stage 3 (Farmer Selection – Random): Within each selected village, a simple random sampling method was used to select ten cotton-growing farmers, ensuring that every eligible farmer had an equal chance of selection. This process resulted in a total sample size of 100 respondents (10 villages × 10 farmers).
Variables and Operational Definitions
· Independent Variables: Age (in years), Education (formal schooling years), Family Size, Farming Experience (years), Landholding Size (hectares), Annual Income (₹), Extension Contact (frequency of contact with extension agents), Sources of Information (number and type), Risk Orientation (measured using a standardized risk orientation scale).
· Dependent Variables:
· Perception of Climate change: Farmers’ recognition and awareness of long-term climatic changes, measured using a perception scale with statements covering temperature trends, rainfall timing and intensity, and frequency of extreme events.
· Adaptability to Climate change: The extent to which farmers adopt climate-resilient practices, measured through indicators such as adoption of improved varieties, crop diversification, changes in sowing dates, water conservation techniques, and use of weather forecasts.
Data Collection
Data were collected through personal interviews using a structured and pre-tested schedule. The questionnaire was developed after reviewing relevant literature and consulting experts in agricultural extension and climate adaptation. Pre-testing was conducted in a non-sample village to refine wording and ensure clarity. Interviews were conducted in Marathi, the local language, ensuring cultural appropriateness and accurate understanding.
Data Analysis
Data were coded and entered into statistical software for analysis.
· Descriptive statistics (frequency, percentage, mean, standard deviation) were used to profile respondents.
· Inferential statistics (Pearson’s correlation coefficient, r) were applied to test relationships between independent variables and perception/adaptability scores.
· Significance was assessed at the 1% and 5% levels.
Results and Discussion
Profile of the Cotton Growers
It can be observed from Table 1 that a majority of farmers belonged to the middle age group (58.0%), followed by the young age group (27.0%) and the old age group (15.0%). This age distribution suggests that most farmers are in their economically active years, a demographic advantageous for the adoption of agricultural innovations.
In terms of education, most respondents had studied up to the twelfth grade (35.0%), followed by primary school (25.0%), secondary school (20.0%), degree and above (15.0%), and a small proportion were illiterate (5.0%). Education is a key driver of awareness and adoption of climate-resilient technologies, as also found in Bihar where literacy significantly influenced adaptive capacity (Bharati et al., 2021).
Family size was medium for the majority (60.0%), with 28.0% having large families and 12.0% small families. Farming experience was predominantly medium (52.0%), followed by low (26.0%) and high (22.0%).
Regarding landholding, 47.0% were small farmers (1.01–2.00 ha), 37.0% marginal farmers (up to 1.00 ha), 10.0% semi-medium (2.01–4.00 ha), 5.0% medium (4.01–10.00 ha), and 1.0% large farmers (>10.00 ha). Such dominance of smallholders is characteristic of dryland farming systems in India (Reddy et al., 2021).
Most farmers (75.0%) had medium annual income, followed by high (16.0%) and low (9.0%) income categories. Medium extension contact was reported by 60.0% of respondents, high by 23.0%, and low by 17.0%. Sources of information were medium for 48.0%, low for 34.0%, and high for 18.0%. Risk orientation was medium for 53.0%, high for 24.0%, and low for 23.0%.
These patterns are comparable to findings in West Bengal where similar socio-economic characteristics were linked to climate adaptation behaviors (Roy et al., 2020).
Relationship between Farmer Profile and Perception towards Climate change
Correlation analysis revealed that education, annual income, extension contact, and sources of information had positive and highly significant associations with perception of climate variability. Age, farming experience, landholding, and risk orientation were significant at the 5% level, while family size was not significant.
The importance of education and access to information in shaping perception is consistent with findings from Haryana, where ICT-enabled advisories significantly improved farmers’ awareness and decision-making (Arora et al., 2021). Similarly, Sahu and Mishra (2013) reported that educated farmers with better extension access in Odisha had more accurate perceptions of climate change.
Enhancing farmers’ perceptions will require strengthening extension services, delivering location-specific weather advisories, and promoting farmer-to-farmer information sharing. NICRA’s experience demonstrates that localized demonstrations can be effective in building perception and readiness (Indian Council of Agricultural Research, 2023).
Relationship between Farmer Profile and Adaptability to Climate change
Annual income exhibited a highly significant positive correlation with adaptability. Age, education, farming experience, landholding, extension contact, sources of information, and risk orientation were also significant at the 5% level, while family size was not significant.
Economic stability and timely access to information emerged as key enablers of adaptive behavior. In Karnataka’s transitional zone, financially stable farmers with greater information access were more likely to adopt drought-tolerant varieties, adjust sowing schedules, and diversify cropping patterns (Patil et al., 2022).
These results corroborate with Chandran and Surendran (2017), who found that higher income and education increased the likelihood of adopting climate-resilient practices in Kerala’s rainfed systems. Khatri-Chhetri et al. (2016) further emphasize that effective extension systems and participatory knowledge-sharing platforms significantly enhance adaptive capacity.
Conclusion
The study establishes that socio-economic and psychological characteristics—especially education, annual income, extension contact, and access to information—are decisive in shaping both perception and adaptability to climate variability among cotton farmers in drought-prone Beed district. The significant role of income and knowledge access highlights the need for integrated interventions that combine economic empowerment with targeted information delivery.
Strengthening extension services, expanding ICT-based advisories, and promoting farmer-to-farmer learning can enhance both awareness and practical adoption of adaptation strategies. Policies should prioritize: Tailored capacity-building programs on climate-resilient practices, Site-specific advisories using both digital and traditional channels, Economic supports such as subsidies, insurance, and credit for climate-smart investments and scaling successful models like NICRA and regenerative cotton pilots to other vulnerable regions. By embedding these strategies into agricultural development plans, cotton farmers in dryland areas can be better equipped to sustain productivity and livelihoods in the face of increasing climate risks.
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TABLES

Table 1 Distribution of the respondents according to their profile
	Sr. No.
	Category
	Respondents            (N=100)

	
	
	Scores
	Frequency
	Percentage

	
	Age

	1
	 Young
	Up to 29
	27
	27.00

	2
	 Middle
	30 to 51
	58
	58.00

	3
	 Old
	52 & above
	15
	15.00

	II
	 Education
	
	
	

	1
	 Illiterate
	1
	5
	5.00

	2
	 Primary school
	2
	25
	25.00

	3
	 Secondary School
	3
	20
	20.00

	4
	 Upto 12th
	4
	35
	35.00

	5
	 Degree & above 
	5
	15
	15.00

	III
	Family size
	
	
	

	1
	Low
	Up to 3
	12
	          12.00

	2
	Medium
	         4 to 6
	60
	          60.00

	3
	High
	7& above
	28
	          28.00

	IV
	 Farming experience

	1
	 Low
	Up to 8
	26
	26.00

	2
	 Medium
	9 to 28
	52
	52.00

	3
	 High
	    29 & above
	22
	22.00

	                                             Mean = 18                                     SD = 10

	V
	 Land holding

	1
	 Marginal
	(Up to 1 Ha.)
	37
	37.00

	2
	 Small
	(1.01 to 2.00Ha.)
	47
	47.00

	3
	 Semi-medium
	(2.01 to 4.00Ha.)
	10
	10.00

	4
	 Medium
	(4.01 to10.00Ha.)
	05
	5.00

	5
	 Large
	(10.01Ha. Above)
	01
	1.00

	VI
	 Annual Income
	
	
	

	1
	Low (Upto Rs 28836)
	09
	9.00

	2
	Medium (Rs 28837 to Rs 338585)
	75
	75.00

	3
	High (Rs338586 & above)
	16
	16.00

	
	                                  Mean= 183711.11	S.D=154875

	VII
	 Extension contact

	1
	Low (Upto 6.11)
	17
	17.00

	2
	Medium (6.11 to 10.37)
	60
	60.00

	3
	High (10.38 & above)
	23
	23.00

	
	                                              Mean=8.24	S.D= 2.13

	VIII
	Source of Information

	1
	Low (Upto 11.22)
	34
	34.00

	2
	Medium(11.22 to 18.60)
	48
	48.00

	3
	High(18.61 &above)
	18
	18.00

	
	Mean=14.91	S.D= 3.69

	IX
	Risk Orientation

	1
	Low
	Up to 13
	23
	23.00

	2
	Medium
	14 to 16
	53
	53.00

	3
	High
	17 & above
	24
	24.00

	
	Mean = 15.00                                             SD = 2.00



Table 2: Correlation between profile of cotton growers with their perception  towards climate change

	S.No.
	Independent Variables
	Correlation coefficient(r)

	1. 
	 Age
	0.206*

	2. 
	Education
	0.266**

	3. 
	Family size
	0.082NS

	4. 
	Farming experience
	0.199*

	5. 
	Landholding
	0.196*

	6. 
	Annual income
	0.373**

	7. 
	Extension contact
	0.262**

	8. 
	Source of information
	0.316**

	9. 
	Risk orientation
	0.213*


· Significant at 0.05 level of probability
** Significant at 0.01 level of probability
NS Non significant


       Table 3: Correlation between profile of cotton growers with their adaptability to   
                     climate change
	S.No.
	Independent Variables
	Correlation coefficient(r)

	1. 
	 Age
	0.217*

	2. 
	Education
	0.219*

	3. 
	Family size
	0.032NS

	4. 
	Farming experience
	0.197*

	5. 
	Landholding
	0.220*

	6. 
	Annual income
	0.273**

	7. 
	Extension contact
	0.201*

	8. 
	Source of information
	0.196*

	9. 
	Risk orientation
	0.198*


         *Significant at 0.05levelofprobability
** Significant at 0.01levelofprobability
NS Non significant







