


Heat Stress and Climate Vulnerability among Farm Women Engaged in Cucurbit Cultivation: An Environmental Physiology Perspective


Abstract
Increasing ambient temperatures and humidity associated with climate change have intensified occupational heat stress among agricultural workers, particularly women engaged in manual vegetable cultivation. The present study examined the relationship between environmental stress parameters viz., temperature and relative humidity and physiological responses such as heart rate, fatigue perception and recovery among farm women involved in cucurbit cultivation. The study was conducted in a semi-arid region of Telangana with a purposive sample of fifty farm women. Environmental parameters were recorded during active work periods and interpreted using Wet Bulb Globe Temperature (WBGT) and Heat Index (HI) risk categories based on physiological data. Results showed that field conditions frequently exceeded recommended thermal safety limits, corresponding with elevated working heart rates, increased fatigue perception and delayed recovery. The findings highlight heat stress as a critical climate-linked determinant of occupational vulnerability among farm women and underscore the need for climate-responsive occupational health interventions such as WBGT-guided work–rest scheduling, heat-stress awareness and adaptive farm work practices to safeguard women’s health under changing climatic conditions.
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1. Introduction
Agricultural work in tropical and semi-arid regions increasingly exposes workers to high thermal stress due to rising temperatures and humidity driven by climate variability. Farm women, who perform a substantial share of labour-intensive tasks in vegetable cultivation, often work under direct solar exposure with limited access to mechanization or heat-protective measures. Heat stress elevates cardiovascular strain, accelerates fatigue and impairs physiological recovery, thereby increasing occupational health risks.
Cucurbit cultivation requires prolonged manual engagement during critical stages such as harvesting and post-harvest handling, frequently coinciding with peak heat hours. Although direct WBGT measurement is not always feasible in field settings, environmental heat stress can be meaningfully interpreted using ambient temperature and humidity through established WBGT and Heat Index thresholds. The present study applied this framing to examine heat stress exposure and climate vulnerability among farm women. This research sought to quantify the physiological strain experienced by these women through cardiac response indicators and self-reported fatigue levels, helping to assess their occupational health risks under prevailing environmental conditions (Chatterjee et al., 2020). The insights from this investigation are crucial for developing targeted interventions to mitigate heat-related health impacts and enhance the resilience of this vulnerable demographic within the agricultural sector. 
This study specifically addressed the gap in understanding the intricate relationship between environmental heat exposure, physiological responses and occupational health among female agricultural workers, who often face disproportionate burdens in high-temperature environments (Isoyama et al., 2024; Kwaro et al., 2024). 
Prolonged exposure to heat stress not only diminishes residual work capacity but also heightens the risk of heat-related illnesses such as heat exhaustion and stroke, compromising overall occupational safety (Kwaro et al., 2024). The objective of this study was to assess the influence of environmental heat stress parameters (ambient temperature and relative humidity) on physiological responses, including heart rate, perceived fatigue and recovery patterns, among farm women engaged in cucurbit cultivation. With climate change projections indicating increased frequency, intensity and duration of heat waves in semi-arid regions, outdoor agricultural workers particularly women face escalating occupational risks. The limited adaptive capacity, lack of heat-protective infrastructure and socio-economic constraints further amplify climate vulnerability among farm women.”

2. Materials and Methods
2.1 Study Area and Sample
The study was conducted in Ramnajapur village, Shamshabad mandal, Rangareddy district, Telangana. Fifty farm women aged 25–60 years, actively engaged in cucurbit cultivation and free from major illness, were selected using purposive sampling.
2.2 Environmental and Physiological Measurements
Ambient temperature and relative humidity were recorded at the worksite during peak working hours using a digital thermo-hygrometer. Physiological parameters included resting heart rate, working heart rate and recovery heart rate (3–5 minutes post-activity). Fatigue perception was assessed using a standardized five-point perceived exertion scale. Environmental data were interpreted using WBGT-equivalent and Heat Index risk categories to classify heat stress exposure levels.
2.3 Statistical Analysis
Descriptive statistics were used to assess the environmental and physiological variables. Pearson’s correlation analysis examined relationships between environmental parameters and physiological responses. Comparative analysis assessed fatigue and recovery across heat stress categories. Significance was tested at the 5 per cent level.
3. Results and Discussion
3.1 Environmental Conditions during Field Operations
Farm women performed field activities under sustained thermal stress conditions, as shown in Table 1.
Table 1. Environmental Conditions Recorded during Field Operations (N = 50)
	Parameter
	Minimum
	Maximum
	Mean ± SD

	Ambient temperature (°C)
	29.0
	35.0
	32.1 ± 1.8

	Relative humidity (%)
	63.0
	77.0
	70.2 ± 4.1



The recorded temperature–humidity combination indicates exposure levels likely to impair heat dissipation, particularly during prolonged manual work. Descriptive analysis of environmental parameters indicated that farm women performed agricultural activities under elevated thermal conditions. Ambient temperature during work hours ranged from 29.0°C to 35.0°C with a mean value of 32.1 ± 1.8°C. Relative humidity varied between 63.0 per cent and 77.0 per cent, with a mean of 70.2 ± 4.1 per cent. 
These values indicate sustained exposure to moderate to high environmental heat stress during field operations. Such conditions invariably lead to elevated physiological strain among workers, especially when engaging in physically demanding tasks without adequate rest or protective measures (Lucas et al., 2022). Indeed, previous research substantiates that agricultural workers, particularly those involved in labour-intensive tasks like harvesting, frequently experience heightened physiological strain under similar thermal conditions (Chatterjee et al., 2020). 

3.2 WBGT and Heat Index Risk Classification
Most working conditions fell within moderate to high heat stress categories, exceeding recommended limits for sustained agricultural work. Environmental conditions were interpreted using WBGT-equivalent and Heat Index thresholds (Table 2).
Table 2. Heat Stress Classification Based on WBGT and Heat Index Framing (N = 50)
	Environmental condition
	WBGT-equivalent category
	Heat Index category
	Occupational risk level

	≤ 30°C and RH ≤ 65%
	Low
	Caution
	Mild

	30–33°C and RH 66–70%
	Moderate
	Extreme caution
	Moderate

	≥ 33°C and RH ≥ 71%
	High
	Extreme caution
	High



This classification aligns with observed physiological responses, where oral temperatures and heart rates demonstrably increase with rising Wet Bulb Globe Temperature values (Kashyap et al., 2017). Studies in garment factories in tropical climates have shown that elevated temperatures and humidity, which contribute to higher WBGT, are associated with increased physiological strain and reduced productivity among workers (Chea et al., 2025).

3.3 Temperature, Humidity and Heart Rate Response
Working heart rate increased sharply under high temperature exposure, indicating elevated cardiovascular strain for thermoregulation. Working heart rate showed a progressive increase with rising ambient temperature. At temperatures ≤30.0°C, the mean working heart rate was 102.4 ± 6.1 bpm. A progressive rise in heart rate was observed with increasing temperature (Table 3).

Table 3. Heart Rate Response under Different Temperature Ranges (N = 50)
	Temperature range (°C)
	Resting HR (bpm)
	Working HR (bpm)
	Recovery HR (bpm)

	≤ 30.0
	78.6 ± 4.2
	102.4 ± 6.1
	86.9 ± 5.0

	30.1–33.0
	80.3 ± 4.8
	109.7 ± 7.3
	92.6 ± 5.7

	≥ 33.1
	82.1 ± 5.1
	116.8 ± 8.2
	98.4 ± 6.4



This increased to 109.7 ± 7.3 bpm at temperatures between 30.1°C and 33.0°C and further rose to 116.8 ± 8.2 bpm at temperatures ≥33.1°C. A corresponding increase was also observed in recovery heart rate, indicating delayed physiological recovery at higher temperature levels. This pattern is consistent with previous research indicating that elevated environmental temperatures compel the cardiovascular system to work harder to dissipate heat, leading to increased heart rates and prolonged recovery periods in outdoor labourers (How et al., 2020). Such physiological responses are indicative of heat strain, particularly when WBGT values exceed established health-protective thresholds (Petropoulos et al., 2023).  These findings indicate that elevated ambient temperatures substantially increase cardiovascular strain, underscoring heat stress as a critical occupational hazard for farm women.

3.4 Influence of Relative Humidity on Cardiovascular Load
Analysis across humidity categories revealed that working heart rate increased with increasing relative humidity. At humidity levels ≤65 per cent, the mean working heart rate was 104.3 ± 6.5 bpm. This value increased to 109.8 ± 7.1 bpm at 66–70 per cent humidity and reached 115.6 ± 8.0 bpm at humidity levels ≥71 per cent, indicating increased cardiovascular strain under high humidity conditions. Relative humidity further intensified physiological stress (Table 4).
Table 4. Working Heart Rate across Relative Humidity Levels (N = 50)
	Relative humidity (%)
	Working HR (bpm) Mean ± SD

	≤ 65
	103.4 ± 5.7

	66–70
	108.9 ± 7.3

	≥ 71
	116.5 ± 8.0



Relative humidity contributes to higher physiological strain indices, especially when combined with increased ambient temperatures (Isaac et al., 2025). 

3.5 Correlation between Environmental Stress and Physiological Responses
Pearson’s correlation analysis revealed statistically significant positive relationships between environmental parameters and physiological responses. Correlation analysis revealed significant associations (Table 5). Ambient temperature exhibited a moderate positive correlation with working heart rate (r = 0.52, p < 0.05), recovery heart rate (r = 0.47, p < 0.05) and perceived fatigue score (r = 0.55, p < 0.05). Relative humidity was also positively correlated with working heart rate (r = 0.48, p < 0.05), recovery heart rate (r = 0.42, p < 0.05) and fatigue score (r = 0.50, p < 0.05). 

Table 5. Correlation between Environmental Parameters and Physiological Responses (N = 50)
	Variables
	Working HR
	Recovery HR
	Fatigue score

	Ambient temperature
	0.51*
	0.49*
	0.56*

	Relative humidity
	0.49*
	0.43*
	0.51*


* Significant at 5% level
These results indicate that both temperature and humidity significantly influenced physiological strain and fatigue levels among farm women. The observed rise in heart rate directly reflects the heightened thermoregulatory demands placed on the cardiovascular system under increasing thermal load, supporting findings that link elevated environmental temperatures with corresponding increases in core and skin temperatures (Wang et al., 2025). The Physiological Strain Index, which integrates heart rate and core temperature, has been shown to increase with heat index and physical activity, underscoring the compounding effects of environmental stressors and exertion (Mac et al., 2021).

3.6 Heat Exposure, Fatigue Perception and Recovery
Mean perceived fatigue scores differed across heat stress categories. Under low heat stress conditions, the mean fatigue score was 2.3 ± 0.6, indicating mild fatigue. This increased to 3.4 ± 0.7 under moderate heat stress and further to 4.2 ± 0.5 under high heat stress conditions, reflecting severe fatigue at higher levels of heat exposure.  Fatigue perception and recovery efficiency varied significantly across heat stress levels (Tables 6 and 7).
Table 6. Heat Stress Level and Perceived Fatigue (N = 50)
	Heat stress level
	Mean fatigue score (1–5)
	Fatigue category

	Low
	2.3 ± 0.6
	Mild

	Moderate
	3.4 ± 0.7
	Moderate

	High
	4.2 ± 0.5
	Severe



The subjective experience of fatigue is often accompanied by measurable physiological changes, including elevated heart rates and decreased blood oxygen levels, particularly in high-temperature and high-humidity environments (Wang et al., 2025). Such physiological alterations indicate that the body is undergoing significant strain to maintain thermoregulation and meet metabolic demands (Sajiyo et al., 2025; Wong et al., 2014). 
Delayed recovery under high heat stress indicates cumulative cardiovascular strain and reduced physiological resilience. Recovery time following work cessation increased with rising heat stress levels. Under low heat stress conditions, the mean recovery time was 2.1 ± 0.4 minutes, indicating efficient recovery. Under moderate heat stress, recovery time increased to 3.4 ± 0.6 minutes, while under high heat stress conditions, recovery time further increased to 4.8 ± 0.7 minutes, indicating poor recovery efficiency.
This prolonged recovery suggests a significant and potentially detrimental cardiovascular burden, which could lead to long-term health complications if exposure to such conditions is frequent or sustained (Wibowo et al., 2023).

Table 7. Recovery Efficiency under Heat Stress Conditions (N = 50)
	Heat stress level
	Recovery time (minutes)
	Recovery status

	Low
	2.1 ± 0.4
	Efficient

	Moderate
	3.4 ± 0.6
	Delayed

	High
	4.8 ± 0.7
	Poor



This prolonged recovery period underscores the critical need for adequate rest and hydration strategies to mitigate the cumulative physiological toll on workers in hot environments (Zamanian et al., 2017). 

Climate Vulnerability of Farm Women
The convergence of elevated temperature, high humidity, increased heart rate, severe fatigue and delayed recovery demonstrates that farm women operate under conditions of significant climate-induced occupational vulnerability. Heat stress acts as an external stressor that compounds manual labour demands, increasing the risk of chronic fatigue and heat-related illness. This vulnerability is further worsened by the projected increase in global temperatures, which will likely lead to more frequent and intense heatwaves, particularly affecting outdoor workers and vulnerable populations such as older female adults (Vanos et al., 2023). 
This demographic often faces additional challenges, including lower income and longer working durations, which can intensify the impact of perceived hot conditions and limit access to effective coping mechanisms (Sirisawasd et al., 2022). Compounded by the fact that many female farm workers frequently experience exhaustion due to extreme temperatures, poor ergonomic conditions and a lack of protective clothing, their susceptibility to heat-related illnesses is markedly elevated (Kaur et al., 2020).  Together, these findings demonstrate that heat stress acts as both a physiological and socio-environmental stressor, compounding manual workload demands and amplifying occupational vulnerability among farm women. This underscores the importance of integrating climate adaptation strategies within agricultural health and extension frameworks.

Conclusion
The study establishes that farm women engaged in cucurbit cultivation are routinely exposed to moderate to high heat stress when environmental conditions are interpreted using WBGT and Heat Index frameworks. Elevated temperature and humidity were associated with increased cardiovascular strain, heightened fatigue perception and delayed recovery. Heat stress thus represents a critical climate-linked determinant of occupational vulnerability among farm women. Incorporating WBGT-informed work scheduling, awareness programmes and gender-sensitive heat mitigation strategies is essential to safeguard health and productivity under changing climatic conditions. The study highlights the necessity of incorporating climate-responsive occupational health strategies into agricultural extension systems. WBGT-guided work scheduling, promotion of hydration and rest breaks, and awareness programmes on heat stress can significantly reduce health risks. Such interventions are essential for sustaining productivity and protecting the well-being of farm women under escalating climate stress.
Implications:
· Adoption of WBGT-guided work–rest schedules
· Promotion of early-morning and late-afternoon work shifts
· Heat-stress awareness training for farm women
· Integration of climate-responsive occupational health measures into agricultural extension
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