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Profile characteristics as determinants of Natural Hazard resilience: Evidence from banana growers in Kerala

Abstract
Aims: To profile banana farmers in Kerala across demographic, economic, social, technical, physical, and psychological domains and assess how these determinants shape natural hazard management.
Study Design: Ex-post facto research design
Place and Duration of Study: Palakkad, Malappuram, and Wayanad districts of Kerala, India, from March 2024 to February 2025.
Methodology: A multistage random sampling technique was used to select 300 banana farmers and 30 agricultural facilitators, totalling 330 respondents. Data were collected using a pre-tested structured interview schedule. Determinants were categorised into six dimensions: demographic, economic, social, technical, physical, and psychological. Primary data were supplemented with secondary sources including agricultural statistics and hazard records. Data were analysed using descriptive statistics (frequencies, percentages, means, standard deviations) in Stata.

Results: Most banana farmers were aged and male, with long farming experience but limited youth involvement. Economic assessment revealed predominance of low annual incomes, marginal landholdings, and high tenancy, with significant gaps in credit utilisation and insurance enrolment. Social factors showed weak extension contact, low training exposure, and poor institutional participation, though Wayanad reflected relatively higher female engagement. Physical determinants highlighted reliance on single irrigation sources, poor digital access, and inadequate road connectivity in parts of Kerala. Technical determinants indicated high access to weather forecasts but limited electricity and mechanisation. Psychological analysis revealed medium levels of scientific temperament, risk orientation, and innovativeness, but high prevalence of stress and depression across districts.
Conclusion: The results revealed the systemic vulnerabilities in Kerala’s banana sector, shaped by socio-economic fragility and recurring natural hazards. Strengthening hazard management requires integrating economic support (credit, insurance, subsidies), technical services, infrastructure investment, social networks and support along with mental health interventions into farmer-oriented programmes and policy frameworks. Tailored natural hazard management frameworks focusing on proactive than reactive measures can build resilience among banana growers. 
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1. INTRODUCTION
The incidence of natural hazards, such as floods, cyclones, droughts, pests and diseases, and landslides has increased globally in recent decades due to climate change. Rising temperatures, shifting rainfall patterns, and more frequent extreme events pose acute risks to human life, infrastructure, and ecosystems (Eckstein et al., 2018). India is among the most climate-vulnerable countries, with hydro-meteorological disasters causing large-scale displacement, crop losses, and financial instability (Chandel, 2025). Kerala, a southern Indian state, is particularly exposed owing to fragile ecosystems and high population density. Catastrophic floods in 2018 and 2019 and the deadly Wayanad landslides in 2024 underscored the precarious situation of agrarian communities (RKDP, 2020; Azad et al., 2024; and Wang et al., 2025).
Agriculture is highly dependent on climate and natural resources. Kerala’s farming systems are especially vulnerable, with smallholders often lacking the financial, technical, and infrastructural capacity to recover from recurring disasters. Banana cultivation, a cornerstone of the state’s horticultural economy, is particularly sensitive to climate variability. Despite its commercial importance, banana is highly susceptible to floods, wind damage, drought, and pest outbreaks due to its delicate physiology and short crop cycle (Shagun, 2021). Losses in banana production reduce farm income and destabilise local markets, underscoring the need for effective hazard management and resilience-building.
Farmers’ ability to prepare for, withstand, and recover from hazards is shaped not only by exposure but also by a complex interplay of demographic, economic, social, technical, physical, and psychological determinants. Economic conditions such as income, landholding size, credit, and crop insurance affect financial resilience and capacity to invest in protective measures (Deressa et al., 2009). Social factors like household size, organisational membership, and gender roles mediate access to networks, information, and collective action (Jost et al., 2016; UNDP, 2020). Technical and physical determinants shape exposure and the feasibility of coping strategies (Swami & Parthasarathy, 2020; Dasgupta et al., 2020). Psychological dimensions including levels of stress and depression, and cognitive ability influence risk perception and how information is translated into adaptive decisions (van- Winsen et al., 2016; Shah and Alharthi, 2022).
While research on agricultural risk management is abundant, most studies assess determinants in isolation. Few adopt an integrated framework combining the economic, social, technical, physical, and psychological dimensions to examine their joint influence on hazard management. These limit understanding of how farmers’ profile characteristics collectively shape resilience strategies in vulnerable contexts such as Kerala’s banana sector. This study analyses how the above six determinant dimensions influence natural hazard management among banana farmers in Kerala. Specifically, it aims to: (i) profile farmers across demographic, economic, social, technical, physical, and psychological domains; (ii) assess the relative importance of these domains in shaping hazard resilience; and (iii) generate policy-relevant insights to strengthen climate-resilient agricultural practices in hazard-prone regions.
2. METHODOLOGY
2.1 LOCATION OF THE STUDY
The study was conducted in Kerala, India. Three districts Palakkad, Malappuram, and Wayanad were purposively selected as major banana-producing regions with repeated exposure to natural hazards. These districts are recognised under state initiatives such as the Banana Export Zone (BEZ) and One District One Product (ODOP), highlighting their importance for banana cultivation (GoK, 2018).
2.2 SAMPLING PROCEDURE
A multistage random sampling technique was employed. First, districts were stratified by Agro-Ecological Units (AEUs), and from each district, one AEU with the maximum banana area was selected. Next, the block with the highest banana production within each selected AEU was chosen: Kondotty (AEU 17) in Malappuram, Mannarkkad (AEU 12) in Palakkad, and Panamaram (AEU 19) in Wayanad. Subsequently, two panchayats per block were identified based on (i) the highest reported incidence of natural hazards in the past ten years and (ii) maximum banana crop loss, using secondary data and expert recommendations from the Department of Agriculture. From each panchayat, 50 banana farmers were randomly selected (total 300 farmers; 50 × 6). In addition, 30 agricultural facilitators (10 per district) were randomly selected, yielding a total sample of 330 respondents (300 farmers + 30 facilitators).
2.3 DATA COLLECTION AND ANALYSIS
Primary data were collected through structured, pre-tested interview schedules capturing information on natural risk-resilient behaviour and farmers’ profile characteristics. Secondary data on area and production statistics and records of hazard incidences (2019–2025) were sourced from official government publications, institutional records, and agricultural statistics (ARDB-ICAR, 2024 and GoI, 2023). Data were scored, tabulated, and analysed using Stata (64-bit). Descriptive statistics (frequencies, percentages, means, and standard deviations) were used to summarise the determinants and to profile natural hazard management and risk-resilient behaviour.
2.4 VARIABLES AND MEASUREMENT
The profile characteristics were grouped into six dimensions: Personal or biographic, Economic (income, landholding size, tenurial status, access to credit, crop insurance); Social (household size, gender, organisational membership, extension contact, training exposure); Technical (adoption of improved practices, diversification, use of early-warning systems); Physical (farm assets, irrigation facilities, crop diversification, road connectivity); and Psychological (cognitive ability, stress, depression levels). All measures used standardised scales adapted to the study context and validated through expert input. Items were contextualised for banana farming in Kerala, and responses were quantified for descriptive analysis to ensure reliability and validity.
3. RESULTS AND DISCUSSION
3.1 Demographic determinants
3.1.1 Age
Table 1 presents the distribution of personal/biographic determinants of banana growers across the study districts. In Malappuram, the majority (76 per cent) were aged, followed by 21 per cent middle-aged and only 3 per cent young farmers. Palakkad had a relatively younger profile, with 56 per cent middle-aged, 36 per cent aged, and 8 per cent young. In Wayanad, 61 per cent were aged, 36 per cent middle-aged, and just 3 per cent young. Overall, banana cultivation in Kerala was primarily undertaken by older farmers, indicating generational continuity in agricultural practices. These findings align with Jha and Gupta (2021). The low representation of youth reflected broader migration trends toward non-agricultural employment and urban livelihoods, as well as low returns and hazard risks discouraging sustained youth engagement.
3.1.2 Education
Education levels varied slightly across districts. In Malappuram, 44 per cent of respondents had completed high school and 29 per cent had secondary education. Palakkad followed a similar pattern with 43 per cent high school and 27 per cent secondary education. Wayanad reported relatively higher education levels, with 59 per cent completing high school, 19 per cent secondary, and notable proportion holding graduate (8 per cent) and postgraduate (6 per cent) qualifications. Overall, banana growers had a fair level of formal education, particularly at the school level, which positively influenced openness to agricultural innovations and improved management practices. This reflected Kerala’s high literacy rate compared to the national average and the impact of social empowerment programmes.
3.1.3 Farming Experience
Across all districts, banana growers reported extensive farming experience. In Malappuram, 87 per cent had more than 10 years of experience, while only 7 per cent had 5 to 10 years and 6 per cent under 5 years. In Palakkad, 86 per cent reported more than a decade of experience, with 10 per cent in the 5–10 years range and 4 per cent with less than 5 years. Wayanad showed 81 per cent with more than 10 years, 14 per cent with 5–10 years, and 5 per cent under 5 years. Collectively, these findings highlighted the traditional nature of banana farming in Kerala, where practices and knowledge are retained by long-term cultivators. Similar results were reported by Ahaneku et al. (2019).
3.1.4 Gender
Banana farming was male-dominated across districts. In Malappuram, 98 per cent of respondents were male and only 2 per cent female. Palakkad reported 97 per cent male and 3 per cent female participation. Wayanad was relatively more inclusive, with 80 per cent male and 20 per cent female, reflecting family labour practices and greater female involvement. This suggested women’s roles, though often unrecognised, are significant in farm operations. Wayanad’s higher female participation also reflected local social structures such as Self-Help Groups promoting women’s agency. These findings are consistent with Asfaw and Admassie (2004).
Table 1. Demographic profile of banana growers in Kerala
	Variable
	Category
	Malappuram
	Palakkad
	Wayanad
	Total (%)

	Age
	Aged
	76
	65
	31
	57.30%

	
	Middle-aged
	21
	34
	62
	39%

	
	Young
	3
	1
	7
	3.70%

	Education
	Primary
	14
	15
	1
	10%

	
	Secondary
	29
	31
	15
	25%

	
	High school
	44
	37
	55
	45.30%

	
	Higher secondary
	8
	10
	17
	11.70%

	
	Graduate
	4
	6
	4
	4.70%

	
	Postgraduate
	1
	1
	8
	3.30%

	Experience
	<5 years
	7
	6
	9
	7.30%

	
	5–10 years
	6
	8
	10
	8%

	
	>10 years
	87
	86
	81
	84.70%

	Gender
	Male
	98
	97
	80
	91.70%

	
	Female
	2
	3
	20
	8.30%


Source: Field survey data (2024).
3.2 Economic Determinants
3.2.1 Annual Income
In Malappuram, a substantial majority (71 per cent) of banana farmers reported earning less than ₹1 lakh annually, reflecting a relatively low-income base. An additional 20 per cent earned between ₹1–2 lakhs, while only 6 per cent earned above ₹4 lakhs. Palakkad showed a similar pattern, with 66 per cent in the lowest bracket and 20 per cent between ₹1–2 lakhs. Only 5 per cent reported incomes above ₹4 lakhs. In Wayanad, 67 per cent earned less than ₹1 lakh and just 9 per cent earned above ₹2 lakhs. Contributing factors include small landholdings, fragmented farming, reliance on rain-fed cultivation, and recurrent hazard-related losses. The findings highlighted the need for income diversification, access to remunerative markets, and stronger support systems, aligning with Kumar et al. (2011).
3.2.2 Landholding Size
Landholding patterns revealed the dominance of marginal farmers. In Malappuram, 85 per cent owned less than 1 ha, with only 8 per cent in the 1–2 ha category and 6 per cent in the 2–4 ha range. Palakkad was similar, with 83 per cent marginal and 13 per cent small farmers. Wayanad also showed 82 per cent marginal, with 8 per cent small and 10 per cent semi-medium holdings. This uniform dominance of marginal holdings is characteristic of Kerala’s agrarian structure, shaped by inheritance laws, population pressure, and limited arable land. Fragmentation reduces economies of scale and profitability, constraining the ability of farmers to manage climate risks. The findings align with Kide (2014) and Atheena (2021).
3.2.3 Tenurial Status
Tenurial arrangements varied across districts. In Malappuram, 45 per cent of farmers operated on fully leased land, 30 per cent had full ownership, and 25 per cent combined ownership and leasing. Palakkad showed 48 per cent leased, 42 per cent owned, and 10 per cent mixed. In contrast, Wayanad reported higher stability, with 64 per cent ownership and only 3 per cent partial tenure. Leasing offers land access without heavy capital investment but can reduce long-term commitment to land improvement. Wayanad’s higher ownership is linked to greater land availability and settlement history, while leasing was more prominent in Malappuram and Palakkad due to urbanisation and shifting landowner priorities. These results are in contrast with Nagadevi (2021).
3.2.4 Crop Insurance Enrollment
Enrolment in crop insurance varied widely. In Malappuram, 51 per cent of farmers were enrolled, compared to only 23 per cent in Palakkad and 20 per cent in Wayanad. Higher adoption in Malappuram reflected better awareness and institutional support, consistent with Bhange (2024). Palakkad’s low uptake was linked to skepticism about claim settlements, delays in compensation, and dissatisfaction with the area-based approach, as also noted by Anirudh (2019). In Wayanad, weak institutional linkages and farmer networks constrained enrolment. Nonetheless, Kerala’s overall rate of 31 per cent is well above the national average. Factors such as proactive government measures, high literacy, and farmer awareness have supported adoption. By contrast, Biswal and Bahinipati (2025) found national adoption rates among small and marginal farmers below 10 per cent. Addressing barriers through education, simplified processes, calibrated premiums, and accurate loss assessment will be crucial for scaling adoption.
3.2.5 Loan Availing and Credit Source
Most farmers reported not availing agricultural loans, 63 per cent in both Malappuram and Palakkad, and 76 per cent in Wayanad. Among those who did, scheduled commercial banks were the primary source, accounting for 62 per cent in Malappuram, 64 per cent in Palakkad, and 69 per cent in Wayanad. Only about 10 per cent relied on money lenders. These findings confirmed Kerala’s high penetration of formal credit, supported by schemes such as the Kisan Credit Card (KCC) (NABARD, 2020). The KCC provides revolving short-term cash credit and term loans, with flexible limits prescribed by RBI for marginal farmers (RBI, 2019). The declining reliance on cooperatives (GoK, 2022) reflected structural changes in rural finance. While informal credit offers easier access, dependence on high-interest loans risks indebtedness, echoing the concerns raised by Geurmond et al. (2022).
3.2.6 Subsidy Access
Kerala farmers are eligible for diverse subsidies, including up to 75 per cent support for fruit plant distribution, 40–60 per cent for agricultural machinery, and financial assistance under schemes such as Ksheerasree (GoI, 2019 and Kerala Bank, 2023). Results showed highest subsidy access in Malappuram (45%), followed by Palakkad (25 %) and Wayanad (18%). Malappuram’s higher participation reflects stronger institutional support and outreach, while Palakkad farmers had limited extension contact despite awareness. In Wayanad, barriers included low awareness, bureaucratic hurdles, and lack of region-specific schemes. These patterns emphasise the importance of effective delivery systems to strengthen economic resilience.
Table 2. Economic determinants of banana growers in Kerala
	Variable
	Category
	Malappuram
	Palakkad
	Wayanad
	Total (%)

	Annual Income
	<1 lakh
	71
	66
	67
	68.20%

	
	1 - < 2 lakhs
	20
	20
	16
	18.70%

	
	2 - 3 lakhs
	3
	5
	6
	4.70%

	
	3 - 4 lakhs
	0
	8
	1
	3%

	
	>4 lakhs
	6
	2
	9
	5.70%

	Landholding Size
	Marginal (<1 ha)
	85
	83
	82
	83.30%

	
	Small (1 - 2 ha)
	8
	13
	8
	9.70%

	
	Semi-medium (2 - 4 ha)
	6
	4
	10
	6.70%

	
	Medium (4 - 10 ha)
	1
	0
	0
	0.30%

	Tenurial Status
	Fully leased
	45
	48
	33
	42%

	
	Partly owned and leased
	25
	10
	3
	12.70%

	
	Fully owned
	30
	42
	64
	45.30%

	Crop Insurance
	Not enrolled
	49
	77
	80
	68.70%

	
	Enrolled
	51
	23
	20
	31.30%

	Loan Availing
	Did not avail
	63
	63
	76
	67.30%

	
	Availed
	37
	37
	24
	32.70%

	Source of Credit
	Scheduled banks
	14
	9
	7
	10%

	
	Cooperative
	24
	27
	24
	25%

	
	Money lender
	62
	64
	69
	65%

	Subsidy Access
	Did not avail
	55
	75
	82
	70.70%

	
	Availed
	45
	25
	18
	29.30%


Source: Field survey data (2025).
3.3 Physical Determinants
3.3.1 Household Assets
Household asset ownership varied across districts (Table 3). In Malappuram, the majority of banana farmers (31 per cent) reported owning a radio, TV, and a basic mobile phone, while 24 per cent possessed smartphones without internet access. A smaller group (12%) had access to advanced digital tools such as smartphones with internet and computers. Palakkad showed a similar trend, with 45 per cent owning basic devices and 28 per cent having smartphones, but only 4 per cent with internet-enabled devices. In Wayanad, 39 per cent had basic devices, 18 per cent smartphones with internet, and 8 per cent computers. Overall, most farmers owned basic electronic devices, suggesting moderate levels of digital inclusion. However, limited internet and computer ownership indicated barriers to accessing digital advisories, market information, or e-governance services. These findings are consistent with Matlala (2025). Farmers with internet-enabled phones reported benefits such as weather updates via SMS and access to Krishibhavan WhatsApp groups for market prices, seedlings, and training information. The results underscored a digital divide, particularly in remote areas like Wayanad.
3.3.2 Source of Irrigation
Irrigation was predominantly dependent on single sources. In Malappuram and Palakkad, 95 per cent of farmers relied on a single source, while in Wayanad it was 100 per cent. Multiple sources were rare, highlighting dependence on localized systems such as canals or wells. Farmers in Malappuram and Palakkad mostly depended on big canals and shared community wells, reporting water scarcity as a reason for shifting away from banana. In Wayanad, irrigation came primarily from wells and tube wells, with a few relying on tributaries of the Kabani River. Banana is highly vulnerable to water scarcity at critical growth stages, making reliance on a single source a significant hazard risk. These findings point to the need for diversified irrigation infrastructure.
3.3.3 Crop Diversification
The majority of banana farmers practiced monocropping. In Malappuram, 60 per cent reported no diversification, followed by 62 per cent in Palakkad and 74 per cent in Wayanad. Overall, 65.3 per cent of farmers cultivated only banana, particularly in Wayanad. Limited intercropping was observed in Malappuram and Palakkad, with vegetables such as cowpea, okra, and bush beans grown alongside banana during early crop stages. In Wayanad, intercropping with perennial crops such as coffee or pepper was found, though adoption was limited due to shading, disease risks, and labour intensity. These results align with Birthal et al. (2021). Monocropping increases vulnerability to price fluctuations, pests, and climate shocks. Promoting integrated systems and incentives for diversification could strengthen resilience, which is consistent with the findings of Bhange (2024).
3.3.4 Access to Roads
Road access differed significantly across districts. In Malappuram, 49 per cent of farmers reported access to concrete roads, 32 per cent used stone-paved roads, and 19 per cent relied on mud roads. Palakkad was more dependent on mud roads (51 per cent), followed by 30 per cent on stone-paved roads. Wayanad had stronger infrastructure, with 47 per cent having concrete road access and 51 per cent using stone-paved roads. The findings indicated moderately developed road infrastructure overall, though Palakkad showed notable gaps. Climate-related hazards such as monsoon floods and landslides frequently damage rural roads, limiting accessibility. Improved connectivity under initiatives like PMGSY-III, which sanctioned 33 rural roads (159.9 km) for Kerala, could enhance market access, reduce post-harvest losses, and support diversification.
Table 3. Physical determinants of banana growers in Kerala
	Variable
	Category
	Malappuram
	Palakkad
	Wayanad
	Total (%)

	Household Assets
	Radio, TV, basic mobile
	31
	45
	29
	37.60%

	
	Radio, TV only
	12
	15
	39
	23.70%

	
	Radio, TV, smartphone (no internet)
	24
	28
	18
	25.10%

	
	Radio, TV, smartphone with internet
	3
	6
	5
	5%

	
	Radio, TV, smartphone, computer
	12
	4
	8
	8.60%

	Source of Irrigation
	Single source
	95
	95
	100
	97%

	
	Multiple sources
	5
	5
	0
	3%

	Crop Diversification
	Yes
	40
	38
	26
	34.70%

	
	No
	60
	62
	74
	65.30%

	Access to Roads
	Mud road
	19
	51
	1
	24%

	
	Stone-paved road
	32
	30
	51
	37.70%

	
	Concrete road
	49
	19
	47
	38.30%


Source: Field survey data (2024).
3.4 Technical Determinants
3.4.1 Access to Weather Information
Access to weather information was high across districts (Table 4). In Malappuram, 80 per cent of farmers reported access to weather data, followed by 79 per cent in Palakkad and 84 per cent in Wayanad. This reflects strong awareness through local weather stations, mobile apps, WhatsApp groups, and extension agents. However, while farmers were familiar with colour-coded rainfall alerts (yellow, orange, red), they reported making significant changes only during red alerts. Yellow and orange alerts were perceived as routine, creating a sense of ‘alert fatigue’. Many farmers noted that moderate alerts did not always correspond to severe conditions, which reduced responsiveness. This highlighted a gap between access and effective use of weather information, influenced by digital literacy and trust in forecasts. Similar patterns were observed across India, where access to forecasts is common, but effective usage remains limited (Vaishnavi & Surendra, 2024).
3.4.2 Access to Electricity
Electricity access remained low across all districts, limiting mechanisation and irrigation (Table 4). In Malappuram, only 25 per cent of farmers reported access, while Palakkad had 30 per cent and Wayanad 44 per cent. Most farmers in Wayanad used manual irrigation, whereas in Malappuram and Palakkad electric pumps were shared among groups of farmers. Low access constrained the adoption of modern systems like drip irrigation or cold storage, suggesting a key area for infrastructure investment.
Table 4. Technical determinants of banana growers in Kerala
	Variable
	Category
	Malappuram
	Palakkad
	Wayanad
	Total (%)

	Access to weather information
	No
	20
	21
	16
	19%

	
	Yes
	80
	79
	84
	81%

	Access to electricity
	No
	75
	70
	56
	67%

	
	Yes
	25
	30
	44
	33%


Source: Field survey data (2024).
3.5 Psychological Determinants
3.5.1 Scientific Temperament
Most farmers exhibited medium levels of scientific temperament: 75 per cent in Malappuram, 89 per cent in Palakkad, and 85 per cent in Wayanad (Table 5). Only a small proportion reported high scientific temperament, suggesting openness to improved practices but limited critical application of scientific methods. Field observations confirmed low adoption of practices like drip irrigation, fertigation, and integrated pest management, likely due to limited education, extension exposure, and access to research outputs.
3.5.2 Risk Orientation
Risk orientation was also predominantly medium, with 78 per cent in Malappuram and Palakkad, and 79 per cent in Wayanad. High risk orientation was observed among 17 per cent in Malappuram, 14 per cent in Palakkad, and 14 per cent in Wayanad. Farmers balanced caution with moderate willingness to experiment under supportive conditions. This reflected both economic constraints and exposure to repeated climate shocks, particularly floods in Palakkad and Malappuram and landslides in Wayanad , which are consistent with the findings of Navitha and Allen (2022).
3.5.3 Innovativeness
Innovativeness followed a similar pattern, with most farmers in the medium category, 81 per cent in Malappuram, 94 per cent in Palakkad, and 90 per cent in Wayanad. This indicated cautious openness to adopting innovations such as new banana varieties or alternative markets but limited proactive shifts in farming systems. 
3.5.4 Market Orientation
Market orientation was predominantly medium: 85 per cent in Malappuram, 79 per cent in Palakkad, and 78 per cent in Wayanad. A smaller share showed high orientation (12–18%). Farmers accessed markets through VFPCK outlets, eco-shops, private markets, and informal networks. Wayanad farmers were more attuned to price signals but lacked structured forward linkages such as contract farming or cooperatives. Limited digital literacy and infrastructure constrained use of online marketplaces.
3.5.5 Economic Motivation
Economic motivation was medium among most respondents: 85 per cent in Malappuram, 77 per cent in Palakkad, and 74 per cent in Wayanad. Palakkad showed slightly higher motivation (18 %), likely linked to better land ownership and institutional exposure. These findings suggest that farmers are driven by economic returns but without strong entrepreneurial orientation.
3.5.6 Depression
Psychological distress was prevalent across districts. Most farmers reported medium depression levels: 94 per cent in Malappuram, 98 per cent in Palakkad, and 97 per cent in Wayanad. High depression was also reported by 16 per cent, 12 per cent, and 13 per cent, respectively. Notably, no farmer was categorised in the low depression group. This uniformity reflected systemic mental stress linked to low returns, recurrent losses, and weak institutional support. Banana farmers cited pest infestations, wind damage, and rhizome rot as recurring causes of stress. These findings aligned with studies linking indebtedness and agrarian distress to psychological health in Kerala (Mohanty et al., 2013 and Sherin and Haseena, 2023).
3.5.7 Stress
Stress levels were also high: 68 per cent medium and 21 per cent high in Malappuram, 78 per cent medium and 21 per cent high in Palakkad, and 79 per cent medium and 19 per cent high in Wayanad. The results complement the depression findings, indicating that farming-related uncertainties such as input costs, pest pressure, and loan burdens exacerbate daily stressors.
Table 5. Psychological determinants of banana growers in Kerala
	Variable
	Category
	Malappuram
	Palakkad
	Wayanad
	Total (%)

	Scientific temperament
	Low
	20
	14
	16
	16.7%

	
	Medium
	75
	89
	85
	83%

	
	High
	15
	7
	9
	10.3%

	Risk orientation
	Low
	15
	18
	17
	16.7%

	
	Medium
	78
	78
	79
	78.3%

	
	High
	17
	14
	14
	15%

	Innovativeness
	Low
	13
	8
	11
	10.7%

	
	Medium
	81
	94
	90
	88.3%

	
	High
	16
	8
	9
	11%

	Market orientation
	Low
	13
	15
	14
	14%

	
	Medium
	85
	79
	78
	80.7%

	
	High
	12
	16
	18
	15.3%

	Economic motivation
	Low
	16
	15
	21
	17.3%

	
	Medium
	85
	77
	74
	78.7%

	
	High
	9
	18
	15
	14%

	Depression
	Low
	0
	0
	0
	0%

	
	Medium
	94
	98
	97
	96.3%

	
	High
	16
	12
	13
	13.7%

	Stress
	Low
	21
	11
	12
	14.7%

	
	Medium
	68
	78
	79
	75%

	
	High
	21
	21
	19
	20.3%


Source: Field survey data (2024).
3.6. Social Determinants
3.6.1 Extension Contact
Extension contact among banana growers was limited across districts. In Malappuram, 71 per cent of farmers reported only occasional contact with extension agencies, while 19 per cent had regular contact and 10 per cent had none. Palakkad showed weaker institutional outreach, with only 8 per cent in regular contact and 36 per cent having no engagement. Wayanad reported the lowest institutional presence, with 61 per cent of farmers never interacting with extension services and only 7 per cent maintaining regular contact.
Overall, just 11.3 per cent of farmers had regular contact, underscoring gaps in extension coverage and responsiveness. While Krishibhavans in Malappuram and Palakkad maintained farmer lists and held periodic trainings, Wayanad’s extension system appeared fragmented and less accessible. This suggested that farmers in hilly and remote areas depend more on peer networks and social gatherings for knowledge exchange, which may perpetuate traditional rather than science-based practices.
3.6.2 Social Participation
Institutional participation was also low. Across all three districts, almost all farmers were non-members of panchayat-based groups (97.7%). Membership in cooperatives and Farmer Producer Organisations (FPOs) remained marginal (13.7%), while participation in Vegetable and Fruit Promotion Council Keralam (VFPCK) or Self-Help Groups (SHGs) was somewhat higher (28.7%). However, the majority still remained excluded. Participation in NGOs or private initiatives was negligible (9%).
The low level of collective action suggested missed opportunities for joint procurement, training, and marketing support. Strengthening farmer organisations and building trust in institutional platforms could significantly improve resilience, especially in input-intensive crops like banana.
3.6.3 Training Exposure
Training exposure was minimal. In Malappuram, 66 per cent of farmers had never attended training, compared to 48 per cent in both Palakkad and Wayanad. Occasional participation was more common (38%), while regular participation was low (8%). Despite relatively higher extension presence in Malappuram, actual training participation was lower than expected, pointing to weak uptake.
Training deficits likely contributed to the moderate scientific temperament and innovativeness levels observed in earlier sections. Strengthened and regular training on risk management, climate-resilient practices, and marketing could therefore play a critical role in bridging knowledge gaps and improving adoption.

Table 6: Social determinants of banana growers in Kerala 

	Variable
	Category
	Malappuram
	Palakkad
	Wayanad
	Total Frequency
	Total %

	Extension contact
	Never
	10
	36
	61
	107
	35.7

	
	Sometimes
	71
	56
	32
	159
	53

	
	Always
	19
	8
	7
	34
	11.3

	Social Participation – Panchayat
	Non-member
	98
	97
	98
	293
	97.7

	
	Member
	2
	3
	2
	7
	2.3

	Social Participation – Cooperative/FPO
	Non-member
	86
	86
	87
	259
	86.3

	
	Member
	14
	14
	13
	41
	13.7

	Social Participation – VFPCK/SHG
	Non-member
	61
	63
	90
	214
	71.3

	
	Member
	39
	37
	10
	86
	28.7

	Social Participation – Others
	Non-member
	77
	96
	100
	273
	91

	
	Member
	23
	4
	0
	27
	9

	Training exposure
	Never
	66
	48
	48
	162
	54

	
	Occasionally
	27
	41
	46
	114
	38

	
	Regularly
	7
	11
	6
	24
	8



4. CONCLUSION
This study examined the personal, economic, physical, technical, and psychological determinants shaping natural hazard management among banana farmers in Kerala. The findings revealed that banana cultivation remains concentrated among older, experienced farmers, but with limited youth participation, raising concerns about generational continuity. Economically, marginal landholdings and low incomes dominated, while crop insurance uptake and credit access though better than national averages remain uneven across districts. Physically, dependence on single irrigation sources and monocropping practices heightened vulnerability. Technically, farmers had good access to weather information, yet “alert fatigue” and low electricity access constrained effective action. Psychologically, medium levels of scientific temperament, innovativeness, and market orientation were observed, but stress and depression levels were alarmingly high, reflecting the chronic pressures of repeated crop losses, market volatility, and limited institutional safety nets. Social determinants such as weak extension contact, poor institutional participation, and limited training exposure constrained the adaptive capacity of banana farmers. The lack of strong linkages with Krishibhavans, FPOs, and VFPCK restricted access to collective resources and technical knowledge. Strengthening farmer organisations and community-based extension is therefore vital to improve hazard preparedness in Kerala’s banana sector.Together, these results underscored that resilience to natural hazards in Kerala’s banana sector cannot be strengthened by single interventions. Instead, bundled and district-specific strategies are essential. Malappuram’s relatively higher insurance enrolment highlighted the role of institutional outreach, while Wayanad’s stronger land ownership but higher hazard exposure pointed to the need for hazard-specific interventions such as landslide-resistant farming systems. Palakkad’s reliance on mud roads illustrates how poor connectivity compounds economic and technical vulnerabilities. The results pointed towards more tailored approached in natural hazard management.
Focus on risk transfer and proactive measures such as insurance and crop diversification, irrigation diversification (micro-irrigation and community wells), and infrastructure strengthening can turn the banana farming systems more resilient.  Farmer collectives such as Vegetable and Fruit Promotion Council Keralam (VFPCK) and Farmer Producer Organisations (FPOs) should be supported for collective marketing, forward contracts, and cold-storage access. Market advisories and seasonal price forecasting could help reduce losses during glut periods, as most farmers reported low prices for produce after harvest leading to distress sale.  Importantly, extension services must expand to include stress management, peer-support groups, and referral mechanisms for mental health, making resilience both economic and psychological.
Limitations and future scope: As a cross-sectional study covering three districts, the analysis may not capture seasonal dynamics or inter-district heterogeneity beyond banana systems. Longitudinal and experimental designs, integrating yield data with hazard exposure, could further unpack cause–effect relationships. Future research should also explore digital agriculture’s role in bridging gaps in advisories, credit, and markets for Kerala’s smallholders. In conclusion, natural hazard management through resilience-building among banana farmers in Kerala requires coordinated action by improving financial protection, diversifying production and irrigation, strengthening infrastructure and market linkages, and embedding mental health within agricultural policy. Addressing these interlinked determinants will be crucial to sustain banana farming and safeguard farmer livelihoods in an era of intensifying climate risks.
[bookmark: _GoBack]Consent
All participants provided informed consent prior to data collection. Documentation is available upon request.
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