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ABSTRACT 

	In the face of escalating climate variability, empowering rural women through adaptive agricultural practices is vital for building resilient farming communities. The present study, conducted in 2024-25, assessed the impact of climate-resilient agricultural interventions under the National Innovations on Climate Resilient Agriculture (NICRA) project on women's empowerment in Murshidabad district, West Bengal. The primary objective was to evaluate how NICRA initiatives influenced Psycho-Social indicators of empowerment among rural women. A total of 120 respondents from four NICRA villages were selected using proportionate random sampling. Data were collected through structured interviews and analyzed using descriptive statistics and correlation analysis. The results revealed high levels of scientific orientation (mean score 3.35), economic motivation (3.28), and risk orientation (3.32) among respondents, while social participation showed the lowest mean (0.78) and highest variability (111.54%). Significant positive correlations were found between empowerment and variables such as scientific orientation, cognitive development, and psychomotor development. The findings suggest that NICRA interventions enhanced individual competencies but highlighted a gap in collective and institutional engagement. The study concluded that while NICRA successfully fostered individual empowerment traits essential for climate adaptation, targeted efforts in group mobilization and institutional support are critical for achieving holistic and sustainable women's empowerment in climate-vulnerable regions.
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1. INTRODUCTION 
Indian agriculture is highly affected by climate variability, and women, as key contributors within rural agrarian communities, often bear a disproportionate burden due to both socio-economic and ecological vulnerabilities (Chattopadhyay & Dutta, 2019). Women contribute significantly to agricultural labour, livestock care, natural resource management, and post-harvest operations. Although central to farm based livelihoods, women frequently face restricted agency in decision-making and less access to land, financial credit, extension support and climate-adaptive technologies (Agarwal, 1994; Meinzen-Dick et al., 2011).
In recent years, the impact of climate change - manifesting through erratic rainfall, rising temperatures, and increased pest incidences has intensified livelihood risks for smallholder farmers, especially women in marginal and climate-vulnerable regions like Murshidabad, West Bengal (ICAR, 2019). Recognizing the need for a proactive response, the Indian Council of Agricultural Research (ICAR) launched the National Innovations on Climate Resilient Agriculture (NICRA) project in 2011. This initiative focuses on developing and implementing climate-smart technologies and building adaptive capacities in vulnerable districts (ICAR, 2019).
NICRA’s emphasis on climate-resilient village models, including water harvesting, integrated farming systems, drought/flood-tolerant crop varieties, and institutional innovations such as community seed banks, has opened pathways for women’s participation in local adaptive strategies. Furthermore, through group-based training, financial inclusion, and resource access, NICRA aims to enhance women’s empowerment - a multidimensional concept involving access to knowledge, agency, assets, and institutional spaces (Kabeer, 1999; Meinzen-Dick et al., 2011).
This study seeks to assess how NICRA interventions have influenced women's empowerment in the Murshidabad district by examining key variables such as scientific orientation, economic motivation, risk orientation, and social participation (Ahuja et al., 2016). The findings will contribute to understanding the intersections of gender, agriculture, and climate adaptation within an inclusive rural development framework.

2. methodology 

The present study was conducted in the Murshidabad district of West Bengal, a region identified as vulnerable to climatic variability under the National Innovations on Climate Resilient Agriculture (NICRA) framework (ICAR, 2019). Two NICRA-intervened blocks - Beldanga and Khargram- were purposively selected based on the intensity and continuity of project interventions. From each block, one Gram Panchayat (GP) and subsequently one NICRA-adopted village were randomly chosen, resulting in four selected villages: Dayanagar, Ratanpur, Gurulia, and Ninoor.
Through proportionate random sampling, 120 rural women (30 from each of the four villages) were selected. Their involvement centered on NICRA’s climate-resilient agricultural activities, including crop production, animal husbandry and participation in training sessions.
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Figure No. 01 - Location map of study area

A structured and pre-tested interview schedule covering socio-personal, economic, and psychological aspects was used for data collection. The psychological indicators of empowerment included scientific orientation, economic motivation, risk orientation, social participation and information inquisitiveness (Sailaja, 2002). The study employed a five-point Likert scale to measure the variables, adapted from standardized instruments commonly applied in rural and extension research (Boone & Boone, 2012; Ray, 2011).
The data were analyzed using descriptive statistics, including mean, standard deviation, and coefficient of variation. Respondent classification was done through the Equal Interval Method, which grouped scores into low, medium, and high categories. MS Excel and SPSS were utilized for the analysis. 


3. results and discussion
The study assessed selected psycho-social indicators of women participating in NICRA interventions across four villages in Murshidabad. The mean scores were fairly high for scientific orientation (mean = 3.35, SD = 0.94), risk orientation (mean = 3.32, SD = 0.95), and economic motivation (mean = 3.28, SD = 0.95), but much lower for information inquisitiveness (mean = 2.53, SD = 1.47) and social participation (mean = 0.78, SD = 0.87). Approximately 50.83% of respondents had high scientific orientation, and similarly high percentages had elevated economic motivation (44.17%) and risk orientation (42.50%). In stark contrast, half the sample (50.83%) scored low on social participation, reflecting very limited group or institutional involvement. These differences are underscored by large coefficients of variation (CV): social participation had a CV of 111.5%, degree of participation (in groups) 83.96%, and information inquisitiveness 58.07%. In other words, engagement and curiosity varied widely across households. Such high CVs imply that only a few women were highly active, while many were disengaged. In summary, women showed strong individual orientations (science, risk, economic) but uneven collective engagement. We next examine how these psycho-social l traits relate to three empowerment outcomes: social empowerment (Y1), economic empowerment (Y2), and overall women’s empowerment (Y3).


Table 1. Coefficient of Correlation (r): Social Empowerment-Y1 vs. 19 Independent variables (X1-X19)









	Variable
No.
	Independent Variables
	‘R’ Value
	Remarks ** significant at the 0.01 level *significant at the 0.05 level

	X4
	Family Type 
	-0.1973
	*

	X5
	Family Size 
	-0.2012
	*

	X9
	Operational Land Holding
	-0.0174
	*

	X11
	Scientific Orientation
	0.22023
	*

	X12
	Risk Orientation
	0.23032
	**

	X16
	Information Inquisitiveness
	0.30106
	**

	X17
	Cognitive Development
	0.31693
	**

	X18
	Psychomotor Development
	0.32456
	**

	X19
	Affective Change and Adoption
	0.197872
	*



Table 2: Coefficient of Correlation (r): Economic Empowerment-Y2 vs. 19 Independent variables (X1-X19)
	[bookmark: _Hlk203339297]Variable
No.
	Independent Variables
	‘R’ Value
	Remarks ** significant at the 0.01 level *significant at the 0.05 level

	X1
	Age
	-0.468
	**

	X2
	Caste
	0.2561
	**

	X3
	Level of Education
	0.7573
	**

	X4
	Family Type
	-0.397
	**

	X5
	Family Size
	-0.376
	**

	X6
	Occupation
	0.5571
	**

	X7
	Annual Income
	0.6954
	**

	X8
	Land Ownership
	0.0321
	**

	X9
	Operational Land Holding
	0.1935
	*

	X10
	House Type
	0.5329
	**

	X11
	Scientific Orientation
	0.9072
	**

	X12
	Risk Orientation
	0.84
	**

	X13
	Economic Motivation
	0.7477
	**

	X14
	Social Participation
	0.7013
	**

	X15
	Degree of Participation
	0.8132
	**

	X16
	Information Inquisitiveness
	0.6833
	**

	X17
	Cognitive Development
	0.8592
	**

	X18
	Psychomotor Development
	0.88
	**

	X19
	Affective Change and Adoption
	0.6455
	**





Table 3: Coefficient of Correlation (r): Women Empowerment-Y3 vs. 19 Independent variables (X1-X19) 
	Variable
No.
	Independent Variables
	‘R’ Value
	Remarks ** significant at the 0.01 level *significant at the 0.05 level

	X1
	Age
	-0.457
	**

	X3
	Level of Education
	0.7308
	**

	X4
	Family Type
	-0.49
	**

	X5
	Family Size
	-0.505
	**

	X6
	Occupation
	0.4383
	**

	X7
	Annual Income
	0.6102
	**

	X10
	House Type
	0.3851
	**

	X11
	Scientific Orientation
	0.8147
	**

	X12
	Risk Orientation
	0.7578
	**

	X13
	Economic Motivation
	0.6459
	**

	X14
	Social Participation
	0.6402
	**

	X15
	Degree of Participation
	0.7916
	**

	X16
	Information Inquisitiveness
	0.6438
	**

	X17
	Cognitive Development
	0.8105
	**

	X18
	Psychomotor Development
	0.8586
	**

	X19
	Affective Change and Adoption
	0.6395
	**



3.1. Scientific and Economic Orientation: A growing scientific orientation and economic incentive among women is evident, which is promising for climate-resilient agriculture. Scientific orientation – reflecting openness to new ideas and technologies – was positively correlated with empowerment, but the strength varied by dimension. It had a moderate positive correlation with social empowerment (Y1: r = 0.220, p<0.05), but a very strong correlation with economic empowerment (Y2: r = 0.907, p<0.01) and with overall empowerment (Y3: r = 0.815, p<0.01). In other words, variation in scientific orientation explains a large share of the variance in women’s economic and overall empowerment, far more than for social empowerment. This aligns with the relatively stable mean (3.35) and moderate CV (~28%) for scientific orientation: most women scored above average, and those who are more scientifically oriented enjoy substantially higher economic agency. Similarly, economic motivation (mean = 3.28, CV ≈29%) showed strong positive correlations with Y2 (r = 0.748, p<0.01) and Y3 (r = 0.646, p<0.01). These high r-values (>0.7) indicate that women who are highly motivated by economic gain tend to have much higher incomes and decision-making power. By contrast, their impact on social empowerment (Y1) was not significant. In practice, this suggests that knowledge and income aspirations directly translate into tangible economic benefits and overall empowerment for women. These findings echo broader evidence: building women’s technical knowledge and human capital (through training or education) has been shown to reduce poverty and enhance climate resilience (Mohammed et al., 2022). For example, Shahbaz et al. (2022) found that women’s decision-making power and innovativeness (akin to scientific orientation) significantly increased the adoption of climate-smart practices. Thus, the high mean and strong correlations suggest that NICRA’s knowledge-driven interventions are reaching women who in turn are leveraging that knowledge to improve their livelihoods and resilience (Bonny et al., 2023). 
3.2. Risk Orientation and Information Inquisitiveness: Many women exhibited medium to high-risk orientation (mean = 3.32), meaning they are relatively open to trying new practices even under uncertainty. This trait also showed consistently positive correlations with empowerment: r = 0.230 (p<0.01) with Y1, r = 0.840 (p<0.01) with Y2 and r = 0.758 (p<0.01) with Y3. Thus, risk-tolerant women are significantly more empowered, especially economically. In effect, women willing to take chances on innovation reap greater gains. This pattern matches Shahbaz et al. (2022), who reported those women’s empowerment and innovativeness drive adoption of climate-smart strategies (Shahbaz et al., 2022). Information inquisitiveness – essentially a proclivity to seek knowledge – had a lower mean (2.53) and a high SD, resulting in a CV of 58.1%. Despite this variability, inquisitiveness was also positively correlated with all empowerment measures: r = 0.301 (p<0.01) with Y1, r = 0.683 (p<0.01) with Y2 and r = 0.644 (p<0.01) with Y3. In practical terms, women who are more curious and proactive in seeking information report substantially higher economic and overall empowerment. The relatively high r values (around 0.64–0.68) despite the low mean indicate that although few women were highly inquisitive, those who were inquisitive gained marked empowerment benefits. This underscores the importance of information access: studies have shown that women’s limited access to climate-smart agricultural information can hinder adoption of new practices (Ringler et al., 2023). In our sample, improving information flow and supporting inquisitive behaviour could thus disproportionately raise empowerment among those currently less informed.
3.3. Social Participation (Collective Engagement): Social participation was the weakest area, with mean = 0.78 and extremely high variability (CV = 111.5%), meaning most women had almost no group involvement while a few participated intensively. Nevertheless, social participation was strongly positively associated with empowerment: r = 0.701 (p<0.01) with Y2 and r = 0.640 (p<0.01) with Y3. These are substantial correlations, indicating that those women who do engage in formal groups (such as SHGs or cooperatives) tend to have much higher economic status and overall empowerment. For example, Chaitra and Indira (2024) found that participation in self-help groups allowed over two-thirds of members to take part in farm decision-making and boosted women’s incomes. They emphasize that integrating SHG models with agricultural extension can greatly strengthen women’s economic and social empowerment. Our results support this: the low mean participation suggests many are not engaged, but for those who are, the effect is large. Put differently, a high r despite low mean/CV means that marginal increases in participation (bringing more women into groups) could yield outsized empowerment gains. The gap between individual and collective variables hints at a missed opportunity: women are individually motivated but lack cohesive networks. As Meinzen-Dick et al. (2011) argued, institutional participation is central to inclusive empowerment. Our findings affirm that view in a climate context: strengthening women’s collective action likely amplifies and sustains the benefits from their scientific and economic orientations.
3.4. Implications for Climate-Resilient Agriculture and Empowerment:  In sum, women’s psycho-social profiles in these villages show strong knowledge-driven aspirations (scientific and economic orientation, risk taking) but uneven group engagement. High correlation coefficients (R-values) between orientation variables and empowerment underscore the pivotal role of psycho-social traits. For instance, the near-perfect correlation of scientific orientation with economic empowerment (R ≈ 0.91) indicates that even small increases in knowledge orientation correspond to large economic gains. By contrast, social participation’s lower mean but high R (≈0.70 with Y2) suggests that mobilizing group involvement could dramatically elevate empowerment for those currently out of networks. These patterns suggest practical avenues for NICRA: continue to build women’s adaptive knowledge and confidence (which drives individual empowerment) and intensify group-based strategies (SHGs, cooperatives, participatory planning) to spread those gains. Empowerment must be both individual and collective to be sustainable. Tailoring NICRA interventions to specifically engage non-participating women – for example through group meetings, village councils or peer-led trainings – could reduce the observed disparity (low mean, high CV) and make empowerment uniform. In practice, this might involve linking highly inquisitive or risk-taking women (who already benefit) with peers via SHGs, or using video/ICT tools in group settings as suggested by recent IFPRI work (Rwamigisa et al., 2023; Aladesuru & Ringler, 2022).
Overall, the evidence indicates that psycho-social factors are deeply intertwined with women’s empowerment in climate-resilient agriculture. Strengthening scientific orientation and risk-taking (through training, demonstrations and incentives) boosts women’s adoption of resilient practices and their economic agency (Shahbaz et al., 2022). At the same time, fostering information inquisitiveness and social participation – by improving access to information and forging stronger community networks – will enhance collective resilience and inclusion. These findings echo global calls for gender-responsive climate-smart agriculture: empowering women with knowledge and agency not only advances their personal livelihoods, but also builds community resilience (Bonny et al., 2; Kironde et al., 2021). Future NICRA programs should therefore monitor these psycho-social indicators and emphasize interventions that convert individual gains into group action, ensuring that as women’s scientific and economic motivations rise, so too does their collective empowerment and the sustainability of the agricultural innovations.

4. CONCLUSION
The findings indicate that National Innovations in Climate Resilient Agriculture (NICRA) interventions have produced positive changes across multiple dimensions of women’s empowerment in Murshidabad’s climate-vulnerable agricultural communities. Murshidabad is recognized as one of West Bengal’s most climate-vulnerable districts, with high exposure to erratic rainfall and limited adaptive capacity (Maity et al., 2025). In this context, NICRA’s efforts – through farm technology demonstrations and training – have measurably strengthened individual capacities among rural women (Shamna et al., 2022). Surveyed women showed high scientific orientation, strong economic motivation, and readiness to take risks with new practices. These traits reflect an encouraging shift toward more knowledge-driven, resilient farming methods, suggesting that NICRA has successfully built women’s individual competence in climate adaptation.
However, the study also revealed a notable gap in collective empowerment. Social participation scores were low and variable, indicating that many empowered women remain only loosely connected to formal groups or institutions. This is significant because women’s collectives (such as self-help groups or cooperatives) are known to be key drivers of climate-smart agriculture. Our findings suggest that NICRA’s gains in individual skills will be more sustainable if complemented by stronger institutional support. In practice, building robust women’s groups can facilitate peer learning and collective action – helping women share knowledge, access shared resources, and take on leadership in local adaptation initiatives.
Overall, the results underscore the importance of coupling technological interventions with gender-responsive support systems. In other words, climate-resilient technologies must be delivered through extension and policy frameworks that explicitly address women’s needs. International guidance on climate-smart agriculture emphasizes that supportive policies (inclusive agricultural policies, incentives, infrastructure and weather information) and the delivery of gender-responsive extension services are crucial for successful technology adoption (FAO, 2025). In Murshidabad, this means linking women’s groups to credit, inputs and training programs (ensuring equitable access to land, water, and finance) and formally including women in local decision-making bodies. Strengthening community-level institutions – for example, by integrating women’s collectives into government schemes and market networks – can help sustain individual gains and translate them into broader rural development. In conclusion, NICRA has effectively enhanced women’s individual capacities for climate adaptation, but a more balanced approach is now needed. Future programs should expand beyond individual training to actively foster collective participation and institutional support. Empowering women as both skilled farmers and leaders of strong local institutions will create the synergies needed for sustainable rural development. By integrating individual agency and group action, Murshidabad’s villages can build climate adaptation pathways that are both effective and equitable.
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