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Abstract: Agriculture is central to Nepal’s economy but faces growing challenges such as
environmental degradation, labor shortages, and the increasing feminization of farming
due to male outmigration. Environmental Conservation Agriculture (ECA) offers a sus-
tainable solution, yet adoption remains inconsistent due to knowledge gaps and resource
constraints. This study examines the socio-demographic, economic, and environmental
factors influencing the farmers’ willingness to learn about ECA and its relationship with
women’s empowerment. A cross-sectional survey of 383 ECA farmers across the Kavre,
Dhading, and Chitwan districts in Bagmati Province reveals that 72.6% are willing to
learn about ECA, driven by climate change concerns, economic incentives, and market
access. Farmers who have experienced climate-related crop losses (64%) and those engaged
in consumer-driven markets (59%) show a greater inclination to learn ECA. Spearman
correlation analysis highlights key factors influencing willingness to learn, including per-
ceptions of ECA as a climate-resilient practice, interest in ECA, and awareness of FAO’s
promotion of ECA. Farmers who believe that ECA enhances sustainability, resilience, and
income are also more likely to engage, while market dissatisfaction presents a challenge.
Receiving ECA subsidies is positively associated with willingness to learn, highlighting
the role of financial support in adoption. Women play a crucial role in agriculture but face
barriers such as household responsibilities (22%), lack of education and training (18%),
and limited financial access (12%). Key motivators for their participation include capacity-
building initiatives (48%), financial support (16%), and empowerment programs (5%).
Notably, households where women participate in early decision-making are 19% more
likely to express willingness to learn about ECA, and perceptions of ECA as empowering
women are positively linked to willingness to learn. Addressing these barriers through
targeted policies, institutional support, and market-based incentives is essential for foster-
ing inclusive and sustainable agricultural development. This study provides actionable
insights for strengthening ECA adoption, promoting gender equity, and enhancing Nepal’s
climate resilience.

Keywords: environmental conservation agriculture; farmers’ willingness to learn; women
farmer empowerment; sustainable agriculture; climate resilience; gender equity; Nepal

1. Introduction
Agriculture is a cornerstone of Nepal’s economy and cultural identity, employing

approximately 67% of households and contributing 24% to the nation’s Gross Domestic
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Product (GDP) [1]. Predominantly managed by small-scale farmers, the sector faces chal-
lenges such as low literacy rates, labor shortages, and environmental degradation [2]. The
growing feminization of agriculture, driven by the outmigration of men and youth to urban
areas or abroad, has increasingly placed women at the forefront of agricultural produc-
tion. This demographic shift underscores the critical need for women’s empowerment
and inclusion in sustainable agricultural practices to enhance the sector’s resilience and
productivity [3].

Environmental Conservation Agriculture (ECA) provides a sustainable pathway for
addressing these challenges. By promoting practices such as minimal soil disturbance,
crop diversification, and environmentally friendly input use, ECA seeks to reduce adverse
environmental impacts and enhance sustainability in agricultural systems. Furthermore,
ECA aligns with Nepal’s goal of achieving carbon neutrality by 2045 [4], offering potential
for soil carbon sequestration, reduced greenhouse gas emissions, and improved resource
efficiency. Despite its benefits, engagement with and adoption of ECA remain inconsistent,
largely due to knowledge gaps, limited resources, and systemic barriers. This study seeks to
understand the socio-demographic, environmental, and economic factors influencing farm-
ers’ willingness to learn about ECA. Additionally, it explores the role of ECA in empowering
women who face unique challenges due to cultural norms, restricted access to resources,
and limited decision-making authority. By investigating these interconnected themes in
the districts of Kavre, Dhading, and Chitwan in Bagmati Province, this research aims to
provide actionable insights for fostering inclusive and sustainable agricultural systems,
supporting Nepal’s climate goals, and improving livelihoods and community resilience.

1.1. Environmental Conservation Agriculture in Nepal

Environmental Conservation Agriculture (ECA) is increasingly recognized as a trans-
formative approach to sustainable farming, particularly in regions facing ecological and
socio-economic pressures [5,6]. ECA is an innovative farming approach that merges tradi-
tional and modern practices to enhance sustainability, resilience, and climate adaptation.
It emphasizes reducing chemical inputs, conserving water, improving soil health, and
preserving local biodiversity while integrating principles of minimal soil disturbance, per-
manent soil cover, and crop rotation to promote long-term agricultural viability. These
principles are especially critical in Nepal, where traditional farming systems are under
strain due to soil degradation, climate change, and the overuse of high-input agricultural
practices [7]. By adopting ECA, Nepalese farmers can mitigate these challenges while
improving crop yields and ensuring food security.

Research indicates that ECA practices, such as crop rotation and organic matter man-
agement, can significantly enhance soil organic carbon levels, thereby improving soil health
and fertility. A meta-analysis demonstrated that conservation agriculture could increase
soil carbon sequestration, contributing to climate change mitigation [8]. Additionally,
studies have shown that conservation agriculture practices can reduce greenhouse gas
emissions, further highlighting ECA’s role in climate change mitigation [9]. A study from
Japan also supports ECA’s potential to lower emissions, reinforcing its role in climate
resilience strategies [10]. In regions such as the Ifugao Rice Terraces, where traditional
farming practices already align closely with ECA principles, its adoption offers a viable
strategy for maintaining delicate ecosystems while securing sustainable livelihoods for
farmers [11].

Bagmati Province, one of Nepal’s seven provinces, plays a crucial role in the country’s
agricultural sector. With its diverse agro-ecological zones ranging from the mid-hills to
the fertile plains of Chitwan, the province supports a wide variety of crops, including
cereals, vegetables, and fruits. However, the region faces significant environmental and
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agricultural challenges, such as soil erosion, deforestation, declining soil fertility, and the
overuse of chemical fertilizers and pesticides. While some farmers and local organizations
have started adopting ECA principles to counter these issues, large-scale implementation
remains limited due to socio-economic constraints, lack of technical knowledge, and limited
access to resources. Strengthening ECA adoption in Bagmati Province could enhance soil
health, improve water management, and contribute to long-term agricultural sustainability,
making it a critical focus area for research and policy interventions. The districts of Dhad-
ing, Kavre, and Chitwan in Nepal exemplify both the potential and challenges associated
with implementing Environmental Conservation Agriculture (ECA). Dhading’s diverse
topography supports a variety of crops; however, excessive use of pesticides and fertil-
izers has led to soil acidification and water contamination [12]. Similarly, Kavre, a major
vegetable-producing district, faces significant soil erosion and declining water resources
due to deforestation and unsustainable farming practices [13]. In Chitwan, located in the
fertile Terai plains and serving as an agricultural hub for livestock and poultry farming,
intensive agricultural practices have resulted in greenhouse gas emissions and soil nutrient
depletion [14].

Research indicates that ECA practices, such as crop rotation and organic matter man-
agement, can significantly enhance soil organic carbon levels, thereby improving soil health
and fertility [10]. However, socio-economic barriers, including issues related to land own-
ership, limited financial capital, and perceived risks of yield reductions, hinder widespread
adoption of ECA practices among farmers in these regions [15]. Addressing these chal-
lenges through targeted interventions is crucial for promoting sustainable agriculture and
improving livelihoods in these districts.

1.2. Women Farmers’ Involvement in ECA

Women are indispensable to agricultural production, performing tasks such as land
preparation, sowing, harvesting, livestock management, and post-harvest processing.
Across Asia, women contribute 50% to 90% of labor in rice fields [16]. In Nepal, the
feminization of agriculture has further expanded women’s roles to include irrigation
management, labor allocation, and input procurement as men migrate for work. Despite
their critical contributions, women often face structural barriers, including limited access to
resources and decision-making power, which hinder their full participation in sustainable
practices like ECA.

Empowering women in agriculture is essential for achieving sustainability. Studies
show that women’s involvement in decision-making improves agricultural productivity
and resource management [17]. In Nepal, women’s roles in manure application, crop
selection, and fertilizer decisions have increased over the last two decades [18]. However,
transitioning to ECA often increases women’s labor, particularly for tasks like intercropping
and reduced tillage. For example, Halbrendt et al. (2014) reported a 2.17% rise in women’s
labor with intercropped crops [19]. Without active participation in adoption decisions,
these additional labor demands can create long-term barriers to sustaining ECA practices.

Global initiatives such as the UN Millennium Development Goals (MDGs) [20] and
sustainable development goals (SDGs) [21] prioritize gender equity in agriculture. Tools
like the Women’s Empowerment in Agriculture Index (WEAI) quantify progress, high-
lighting the need to address disparities that limit women’s empowerment [22]. Given that
women disproportionately experience the effects of climate change due to limited access to
resources, empowering them through ECA is vital for fostering resilience and sustainability.
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1.3. Previous Studies That Investigated Farmers’ Willingness to Learn About ECA

Several studies have explored the factors influencing farmers’ willingness to learn
about ECA, offering insights into the socio-economic, cultural, and informational elements
that affect their engagement with sustainable practices [5,6,10,11]. Socio-economic factors
such as age, education level, farm size, and income play significant roles in shaping
farmers’ openness to learning. For example, a study conducted by Meijer et al. (2015)
across sub-Saharan Africa found that younger farmers with higher education levels were
more receptive to innovative agricultural techniques due to their greater exposure to new
information and capacity to adapt [23]. Similarly, larger farm sizes and higher incomes
provided farmers with the financial capital needed to invest in ECA technologies, further
encouraging learning.

Access to agricultural extension services is another pivotal factor influencing learn-
ing. Studies have shown that farmers who regularly interact with extension agents and
participate in training programs are more likely to adopt sustainable practices. For in-
stance, Läpple and Van Rensburg (2011), in their study in Ireland, demonstrated that
high-quality extension services enhanced farmers’ willingness to adopt ECA by improving
their knowledge and reducing uncertainties [24]. This finding aligns with the experience of
the European Union’s Common Agricultural Policy (CAP) [25], which has systematically
provided extensive support measures for farmer training and skills development, empha-
sizing structured training programs and knowledge dissemination mechanisms to enhance
farmers’ competencies in sustainable agricultural practices. Moreover, perceived benefits
and risks associated with ECA also influence learning motivation. Knowler and Bradshaw
(2007), in a global review spanning North America, South America, and Asia, found that
farmers were more likely to engage with ECA when they recognized tangible benefits
such as improved soil fertility, increased yields, and reduced input costs [26]. However,
concerns about potential yield reductions or economic losses during the transition phase
discouraged some farmers from participating.

Cultural and social influences also play a crucial role in shaping farmers’ learning
behaviors. Peer influence and community norms significantly impact decision-making, as
farmers are often encouraged by observing successful ECA practices among their peers.
Baumgart-Getz et al. (2012), in their meta-analysis of studies in the United States, empha-
sized the role of strong social networks in facilitating knowledge sharing and providing
support for adopting new farming methods [27]. These findings align with the principles
of Social Learning Theory, which underscores the importance of observation, interaction,
and community-level dynamics in the learning process.

Understanding these factors, including successful policy interventions such as those
implemented through the European Union’s CAP, is essential for designing effective educa-
tional programs and interventions. By tailoring educational programs to address specific
barriers and leveraging motivators, stakeholders can foster an enabling environment for
farmers to learn and adopt sustainable practices. The integration of these findings into
the study’s theoretical foundation further strengthens its framework for analyzing the
dynamics of learning and empowerment in sustainable agriculture.

1.4. Theoretical Foundation

The theoretical foundation of this study is rooted in Social Learning Theory [28–30]
and Empowerment Theory [31], both of which offer valuable insights into the dynamics
of learning and women’s empowerment in ECA participation. Social Learning Theory
explains how individuals acquire new knowledge and skills through observation, imitation,
and interaction within their social contexts [30]. It highlights the significance of demonstra-
tion plots, peer networks, and extension services in enhancing farmers’ willingness to learn
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about ECA. When farmers observe the successful implementation of ECA and perceive its
benefits, such as improved yields, reduced input costs, and better soil health, they are more
motivated to engage. However, barriers such as limited access to resources and low literacy
levels can hinder the learning process, underscoring the need for supportive and inclusive
educational initiatives.

Empowerment Theory focuses on the processes through which individuals and
communities gain control over their lives, access resources, and participate in decision-
making [31]. This framework is particularly relevant for exploring the role of ECA in
empowering women farmers, who often face structural barriers such as restricted ac-
cess to land, credit, and education. Empowerment through ECA can enable women to
take leadership roles in sustainable agriculture, enhancing their agency, improving pro-
ductivity, and fostering resilience to climate change. Empowered women are also more
likely to share knowledge within their networks, creating a ripple effect that benefits the
broader community.

By integrating these two frameworks, this study connects the factors influencing
farmers’ willingness to learn with the transformative potential of empowering women
in agriculture. Social Learning Theory provides a lens for analyzing the mechanisms of
knowledge acquisition, while Empowerment Theory addresses the structural and social
changes required to ensure gender equity. Together, these frameworks guide the analysis
of the study, ensuring that its findings contribute to inclusive and effective strategies for
promoting sustainable agricultural development.

2. Study Area and Methods
This study examines the factors influencing farmers’ willingness to learn about Envi-

ronmental Conservation Agriculture (ECA) and the role of ECA in empowering women
farmers. The research was conducted among 383 ECA farmers across three key districts in
Bagmati Province, Nepal: Kavre, Dhading, and Chitwan. Bagmati Province is a significant
agricultural region with diverse agro-ecological zones, ranging from the mid-hills to the
fertile lowlands, making it a critical area for studying ECA adoption. While agriculture
remains a primary livelihood source, challenges such as soil degradation, deforestation,
excessive chemical use, and water scarcity threaten sustainability. Although ECA initiatives
are growing in the region, adoption remains uneven due to socio-economic constraints and
limited technical resources.

The selected study sites represent the province’s agro-ecological diversity. Kavre is a
mid-hill district, and the surveyed area is in a montane region at higher altitudes, where
temperate-zone farming practices are prevalent. Dhading, also a mid-hill to mountain
district, has its survey area at lower altitudes, close to a highway, within the temperate zone.
In contrast, Chitwan, located in the subtropical plains, serves as an agricultural hub with
intensive farming systems. Together, these three districts capture distinct environmental
conditions and farming practices within Bagmati Province, providing a comprehensive
perspective on the challenges and opportunities associated with promoting sustainable
farming practices and gender empowerment in agriculture (Figure 1). By focusing on these
diverse agro-ecological zones, this study aims to contribute valuable insights into policy
development and targeted interventions for scaling up ECA adoption and supporting
women farmers in sustainable agriculture.
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Figure 1. Sampling sites of the study in Bagmati Province, Nepal.

Kavre District, situated in the mid-hills of Nepal, has a population of approximately
364,039 people as per the 2021 Nepal census. Known for its vegetable production, Kavre
supplies fresh produce to the capital city, Kathmandu. Farmers in the district face challenges
such as extreme weather events, water scarcity, and soil degradation, which have led
to a dependence on chemical fertilizers and pesticides. Efforts to promote sustainable
practices include initiatives by the Center for Environmental and Agricultural Policy
Research, Extension, and Development (CEAPRED), which introduced organic solutions
like “jholmal” as alternatives to chemical inputs. These initiatives provide a foundation for
examining how ECA can enhance sustainable practices and empower women farmers in
decision-making roles.

Dhading District, with a population of approximately 325,710, is characterized by
its diverse topography, ranging from lowland areas to high hills, supporting a mix of
subsistence farming, vegetable production, and agroforestry. The district has gained
recognition for its commercial vegetable production, particularly in Dhunibesi Municipality,
where pesticide use is prevalent. These conditions highlight the need for ECA to mitigate
environmental and health risks while also offering an opportunity to study the factors that
influence farmers’ willingness to learn about sustainable practices and women’s evolving
roles in agriculture.

Chitwan District, located in the Terai plains and home to 719,859 people, is an agri-
cultural hub for livestock and poultry production. With intensive farming practices, the
district faces challenges such as soil nutrient depletion, greenhouse gas emissions, and envi-
ronmental degradation. Chitwan also has a rapidly growing role for women in agriculture,
driven by the outmigration of men. This makes the district an important site for exploring
the intersection of ECA learning and women’s empowerment, particularly in the context of
sustainable farming.

Data Collection and Analysis

This study employed a structured mixed-methods research model comprising several
sequential and interrelated steps, clearly correlated with specific research methods:

Step 1: Sampling and Site Selection
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Primary data were collected using a multistage random sampling approach, ensuring
representative selection of ECA-practicing farmers across three districts (Kavre, Dhading,
and Chitwan). Slovin’s formula was applied to determine an appropriate sample size,
resulting in the inclusion of a total of 383 farmers in the study. Study sites were chosen
based on agricultural relevance and prevalence of ECA practices.

Step 2: Survey Instrument Development and Data Acquisition

Data were acquired through face-to-face interviews using a semi-structured ques-
tionnaire designed explicitly for this research. The questionnaire captured detailed socio-
demographic characteristics, agricultural practices, resource access, perceptions of climate
change, willingness to adopt ECA, women’s involvement, and household decision-making
dynamics. The survey instrument underwent pre-testing with 20 farmers in a neighboring
district to ensure clarity, relevance, and reliability. Feedback from pre-testing was used to
refine the questionnaire before final administration.

Step 3: Field Data Collection

The survey was conducted over an eight-day period in February 2022 using KoboTool-
box for digital data collection. Interviews were conducted by trained researchers, who re-
ceived intensive training on ethical research practices, data quality management, informed
consent procedures, and adherence to COVID-19 safety protocols. Ethical approval for the
research procedures was secured from the Research Ethics Board of Hiroshima University.

Step 4: Data Processing and Quantitative Analysis

The collected data were systematically cleaned and coded for analysis. Quantitative
data analysis involved Spearman correlation to identify initial associations, followed by
ordinal logistic regression modeling to determine significant drivers influencing farmers’
willingness to learn ECA. Principal component analysis (PCA), conducted with SPSS v.27
(IBM, New York, NY, USA), was used to identify latent factors related to women’s partici-
pation and decision-making roles.

Step 5: Qualitative Analysis

To enrich the quantitative results, thematic analysis was conducted to explore qualita-
tive data from open-ended survey responses, specifically identifying barriers and motiva-
tional factors influencing women’s participation in ECA practices.

Step 6: Integration and Interpretation of Results

The final stage integrated insights from both quantitative (ordinal regression, PCA)
and qualitative (thematic analysis) approaches. This provided a holistic understanding
of the socio-demographic, institutional, and gender-related factors shaping ECA learning
and empowerment.

3. Results
3.1. Socio-Demographic and ECA-Related Data of the Nepalese Farmers

The study involving 383 ECA farmers provided insightful findings on the effects of
climate change, farming adaptations, and perceptions of ecological and climate-adaptive
ECA practices (Supplementary Table S1). With a near-equal distribution of females (50.7%)
and males (49.3%), respondents represented various districts, predominantly from Kavre
(40.2%), Dhading (38.6%), and Chitwan (21.1%). The age group most represented was
40–49 years (25.1%), followed by 30–39 years (21.7%), and 50–59 years (21.4%). Regarding
caste/ethnicity, Bahuns comprised the majority (50.4%), followed by Janajatis (27.4%). Edu-
cational attainment showed that 39.9% had primary education, while 31.6% had secondary
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education, and only 4.7% had tertiary education. Farming experience was diverse, with the
largest proportion (35.0%) having 10–20 years of experience.

The majority of farmers (84.6%) reported their farming practices were affected by
climate change (Figure 2), with drought being the most commonly cited impact (68.9%),
followed by heavy rain and flooding (65.3%). Other reported effects included damage to
crops or farm products (38.4%), damage to farmland (36.8%), and extreme heat days (34.7%).
A smaller proportion of farmers cited changes in seasonal duration (24.0%), cyclones and
hailstorms (29.2%), and changes in crop distribution (19.1%). Less frequently mentioned
were damage to houses or buildings (6.0%) and melting glaciers or sea-level rise (3.7%).
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To adapt to these changes, farmers implemented various strategies. Improved pest and
disease management (54.6%) and adjustments to planting times or seasons (48.6%) were the
most common measures. Other adaptations included planting high-yielding crops (30.5%)
or drought-tolerant varieties (25.3%), selecting alternative crops (30.5%), and managing
soil nutrients (24.3%). Less frequent strategies involved improved water management
(13.8%), changes in land use patterns such as crop diversification (6.5%), and technological
adjustments like the use of ICT tools (6.0%). Market-related adaptations, such as insurance
or market exchange initiatives, were the least reported (5.2%).

Farmers primarily sold their ECA products through middlemen or traders (70.8%) and
local markets or periodic open markets (42.6%). Direct-to-consumer sales accounted for
26.4%, while 25.1% of products were reserved for self-consumption. Cooperatives (5.5%),
processors or millers (8.6%), and restaurants or hotels (3.7%) were less frequently utilized,
with supermarkets being the least reported sales channel (1.0%). Dissatisfaction with the
prices of ECA products was high, with 83.8% of farmers expressing dissatisfaction.

The adoption of ECA practices was driven by multiple factors (Figure 3), with self-
health benefits being the most significant motivator (74.9%), followed by expectations of
reduced costs of chemicals and pesticides (33.7%) and better prices for products (32.4%).
Other motivators included the desire to supply better food to consumers (25.1%), meet
growing consumer demand (11.0%), and build trust with consumers (15.1%). External
recommendations, such as those from NGOs (1.3%) or government incentives and subsidies
(3.9%), were less influential.
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Figure 3. Reasons to practice among ECA farmers in Bagmati Province, Nepal.

Farmers expected ECA to yield benefits such as increased agricultural income (44.6%),
reduced climate hazards (33.4%), and contributions to agro-biodiversity conservation
(22.7%), water quality improvement (22.5%), and groundwater conservation (22.5%). Other
expectations included enhancing the quality of agricultural products (20.6%), mitigating
climate change (18.5%), and promoting local industries (16.2%).

The perceived benefits of switching to ECA included health improvements (68.7%)
and the potential for higher prices (45.2%). Other reasons were reducing the cost of
chemicals and pesticides (27.9%), supplying better-quality food (29.2%), and meeting
growing demand (15.9%). Farmers also believed ECA could build trust with consumers
(11.0%), improve the local and global environment (4.2%), and enhance sustainability.
However, awareness of FAO’s promotion of ECA was limited, with 62.1% of participants
being unaware of such efforts.

Overall, these findings underscore the significant challenges farmers face due to
climate change and their varied responses to these challenges. While interest in ECA
practices is high, barriers such as market access, price dissatisfaction, and limited policy
support highlight the need for targeted interventions to enhance ECA adoption, build
resilience, and ensure sustainable farming practices.

3.2. Women’s Participation in ECA

The findings highlight significant insights into women’s involvement, decision-
making, and access and control in ecological and climate-adaptive (ECA) practices
(Supplementary Table S2). Women’s participation varied across different activities, with
full participation reported in specific areas but generally showing a trend of partial involve-
ment dominating most tasks.

In terms of involvement, full participation was highest in planting (48.6%) and weed-
ing (46.5%), followed by storing produce (42.6%) and sorting, grading, and packaging
(42.3%) (Figure 2). Activities like harvesting (31.9%) and preparing fields for planting
(31.3%) also saw relatively high levels of full involvement. However, decision-making on
land use, seeds, and crop selection saw only 18.8% full participation, with the majority
(60.3%) having partial involvement. Similarly, identifying markets (16.4%), marketing
and negotiating with buyers (14.6%), and transporting goods (15.1%) saw lower levels
of full participation, reflecting a gender gap in tasks linked to economic activities and
market interactions.

The diverging stacked bar chart (Figure 4) provides a clear visual representation of
these patterns. The chart is structured with full involvement on the positive side, no
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involvement on the negative side, and partial involvement in the middle. A vertical line at
the center serves as a reference point, dividing positive and negative responses. This format
allows for an easy comparison of women’s participation across different activities, revealing
both their strong presence in farm labor and their limited engagement in decision-making
and market-related roles.
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Figure 4. Women’s involvement in ECA.

In decision-making, women exhibited higher partial participation across most activi-
ties (Figure 5). Selecting the production area and identifying crops saw partial participation
levels of 62.4% and 60.8%, respectively, while choosing seeds or breeding materials showed
56.9% partial involvement. Decisions related to adopting energy solutions and imple-
menting irrigation systems were also largely led by partial participation (76.0% and 75.7%,
respectively). Full participation remained limited in most areas, with the highest being in
choosing seeds and determining sources of breeding materials (21.1%). Decisions involving
technology use, sourcing labor, and arranging finances saw even lower full involvement
(8.9%, 14.6%, and 15.9%, respectively).
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Access and control over resources and opportunities further reflected disparities
(Figure 6). Partial access was most prominent, particularly in managing income (63.2%),
managing expenditure (62.7%), and accessing information (54.0%). Full control was notably
low, with the highest reported in managing expenditure (17.5%) and accessing markets
(13.1%). The women’s access to technology (10.4%) and finances (11.7%) was particularly
limited, with none reporting full access in critical areas such as agricultural innovation
and funding.
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These findings suggest that while women play a significant role in various aspects of
ECA practices, particularly in production-related tasks, their participation and decision-
making are often restricted to partial involvement. Economic and market-related activities,
as well as access to resources like technology and finance, remain areas where women face
significant barriers. Addressing these gaps through targeted policies, capacity-building
initiatives, and support systems is essential to enhancing women’s agency and contributions
to sustainable agricultural practices.

3.3. Key Barriers and Motivations of Women’s Participation in ECA

This section explores the top barriers and motivations that women face in their par-
ticipation in Environmental Conservation Agriculture (ECA). Based on responses from
383 farmers, these factors reveal the challenges and opportunities influencing women’s
active involvement in sustainable agricultural practices. The key barriers faced by women
in ECA can be classified into three main categories: socio-cultural barriers, resource and
knowledge deficits, and institutional and structural challenges. These interconnected ob-
stacles significantly limit women’s participation in ECA initiatives. Socio-cultural barriers
emerged as the most significant, accounting for 42% of the responses. A notable 22% of
farmers emphasized household responsibilities, highlighting how domestic chores dispro-
portionately occupy women’s time and leave little opportunity for their participation in
ECA activities. Male-dominated societal structures and a lack of freedom were identified
by 12% of respondents as major challenges, reflecting deeply ingrained gender biases that
restrict women’s mobility, decision-making power, and opportunities for collaboration.
Additionally, 8% of farmers pointed out that women often prefer traditional agricultural
methods, likely due to cultural norms or resistance to adopting new practices.

Resource and knowledge deficits constituted 37% of the identified barriers. Among
these, a lack of education, training, and knowledge was cited by 18% of respondents as
a critical obstacle that limits women’s ability to understand and implement innovative
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ECA practices. Insufficient access to resources such as financial capital, technology, and
irrigation systems was highlighted by 12%, while another 7% mentioned limited access
to information about sustainable agriculture. These deficits underscore the urgent need
for initiatives that address both the technical and material gaps preventing women from
effectively engaging in ECA. Institutional and structural challenges made up the remaining
21% of barriers. Within this category, 10% of respondents identified a lack of family and
institutional support, including insufficient incentives and limited assistance from local
bodies, as a significant challenge. Market access and infrastructure gaps, such as inadequate
irrigation systems and delays in obtaining agricultural inputs like seeds and fertilizers,
were cited by 7%. Additionally, 4% of farmers highlighted women’s low decision-making
power in family and community settings as a major hindrance. These findings illustrate
how systemic weaknesses further exacerbate the challenges faced by women in accessing
and benefiting from sustainable agricultural programs [32,33].

In contrast to the barriers, the analysis also identified three major categories of mo-
tivating factors for women’s involvement in ECA: capacity building and knowledge de-
velopment, support systems and incentives, and empowerment and motivation. Capacity
building and knowledge development emerged as the most significant motivator, encom-
passing 48% of responses. Farmers repeatedly emphasized the importance of equipping
women with the necessary skills and knowledge through initiatives such as training pro-
grams (18%), education opportunities (12%), awareness campaigns (10%), and exposure
visits (8%). These activities were identified as critical for empowering women to participate
actively and effectively in ECA. Respondents stressed the value of organized training
sessions and awareness campaigns focused on sustainable farming practices and environ-
mentally friendly techniques.

Support systems and incentives accounted for 38% of the motivating factors. Financial
assistance and subsidies were highlighted by 16% of farmers as essential to reducing the
financial burden associated with agricultural inputs like seeds, fertilizers, and technology.
Access to markets and fair pricing mechanisms were identified by 12% as crucial for
ensuring the economic viability of women engaged in agriculture. Additionally, family
and community support (6%) and the availability of resources such as irrigation facilities
and modern tools (4%) were noted as important motivators. These findings emphasize the
necessity of providing comprehensive support systems to sustain women’s participation in
ECA [34].

Empowerment and motivation represented the final category of motivating factors,
making up 14% of responses. Farmers identified women’s empowerment programs
(5%) as vital for fostering independence, respect, and leadership opportunities in agri-
culture. Recognition of women’s achievements (5%) was also seen as a key motivator, as
it helps build women’s confidence and sense of agency. Furthermore, involving women
in decision-making processes at both household and community levels (4%) was high-
lighted as an important factor in enhancing their participation. This category underscores
the deeper social and cultural dimensions of women’s involvement in ECA, emphasiz-
ing the need to recognize and include women as equal contributors to agricultural and
environmental sustainability.

3.4. Exploratory Factor Analysis of Variables Related to Women’s Engagement in ECA

The factor analysis reveals three distinct themes illustrating how women engage in
various stages of ECA (Table 1). The first theme, “Core Production and Post-Harvest
Activities”, covers tasks from preparing fields for planting through sorting, grading, and
packaging, highlighting women’s significant involvement in field preparation, planting,
weeding, irrigating, harvesting, and storing produce. The second theme, “Value Chain and
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Economic Gains”, encompasses sorting, grading, and packaging through managing eco-
nomic returns, underscoring women’s role in identifying markets, negotiating with buyers,
setting prices, transporting goods, and ultimately securing economic benefits. Lastly, the
third theme, “Early-Stage Planning and Resource Mobilization”, groups tasks from making
decisions on land use, seeds, and crop selection through gathering additional inputs and
materials, reflecting women’s involvement in the foundational stages of agricultural pro-
duction. Taken together, these findings indicate that women participate across all phases
of ECA—from the initial decision on what and how to plant, to managing production,
to marketing and revenue management. Recognizing and supporting these multifaceted
roles carries important implications for policy and program interventions, as it highlights
women’s contributions to both on-farm work and strategic, market-oriented decisions [35].
By addressing their needs and acknowledging the breadth of their involvement, efforts to
enhance productivity, economic returns, and the overall sustainability of ECA can be more
effectively realized [36].

Table 1. Exploratory factor analysis a of the 14 variables related to women’s involvement in ECA in
Chitwan, Dhading, and Kavre districts at Bagmati Province, Nepal.

Theme Factor Loading

Theme 1: Core Production and Post-Harvest Activities

Selecting the production area 0.710
Identifying crops 0.809

Choosing seeds/breeding materials 0.795
Determining sources of seeds/breeding materials 0.642

Identifying sources of other agricultural inputs 0.787
Arranging sources of finance 0.698

Theme 2: Value Chain and Economic Gains

Arranging sources of finance 0.505
Utilizing technology (agricultural apps, social media, other ICT) 0.830

Sourcing labor 0.884
Obtaining crop/livestock insurance 0.841

Adopting energy solutions (e.g., zero tillage, solar energy) 0.549
Implementing irrigation systems (e.g., drip irrigation, sprinklers,

rainwater harvesting) 0.505

Theme 3: Early-Stage Planning and Resource Mobilization

Making decisions on land use, seeds, and crop selection 0.867
Collecting or selecting seeds and breeding materials 0.893

Gathering additional inputs and materials 0.831
a Extraction Method: Principal component analysis. Rotation Method: Varimax with Kaiser normalization.
Kaiser–Meyer–Olkin measure of sampling adequacy: 0.851.

A second factor analysis of women’s decision-making, and their access to and control
over resources, reveals four distinct themes (Table 2). The first theme, “Foundational Plan-
ning and Financing”, centers on selecting the production area, identifying crops, choosing
seeds/breeding materials, determining sources of seeds/breeding materials, identifying
sources of other agricultural inputs, and arranging sources of finance, indicating women’s
involvement in essential early-stage decisions. The second theme, “Innovative and Risk
Management Practices”, highlights the use of technology (e.g., agricultural apps and other
ICT), sourcing labor, obtaining crop/livestock insurance, and adopting energy solutions
and irrigation systems. Here, women’s decision-making extends to implementing inno-
vations that boost productivity and resilience. The third theme, “External Resource and
Market Access”, brings together accessing information, accessing technology, accessing



Agriculture 2025, 15, 726 14 of 24

markets, and accessing finance, emphasizing women’s reliance on external support to
fully participate in agricultural ventures. Lastly, the fourth theme, “Financial Management
and Day-to-Day Operations”, includes the use of energy solutions and irrigation systems,
coupled with managing income, managing expenditure, and accessing information, under-
scoring women’s active role in operational decisions as well as financial responsibilities.
Overall, these themes highlight the breadth of women’s contributions, spanning planning,
resource allocation, innovation adoption, financial management, and market engagement,
while also underscoring the importance of broader systems of support to facilitate their
decision-making capacity and success in agriculture.

Table 2. An exploratory factor analysis a of the 17 variables related to decision-making as well
as access and control of women in ECA in the Chitwan, Dhading, and Kavre districts in Bagmati
Province, Nepal.

Theme Factor Loading

Theme 1: Foundational Planning and Financing

Selecting the production area 0.816
Identifying crops 0.834

Choosing seeds/breeding materials 0.831
Determining sources of seeds/breeding materials 0.806

Identifying sources of other agricultural inputs 0.619
Arranging sources of finance 0.443

Theme 2: Innovative and Risk Management Practices

Arranging sources of finance 0.607
Utilizing technology (agricultural apps, social media, other ICT) 0.629

Sourcing labor 0.742
Obtaining crop/livestock insurance 0.614

Adopting energy solutions (e.g., zero tillage, solar energy) 0.800
Implementing irrigation systems (e.g., drip irrigation, sprinklers,

rainwater harvesting) 0.783

Theme 3: External Resource and Market Access

Accessing information 0.700
Accessing technology 0.821

Accessing markets 0.896
Accessing finance 0.849

Theme 4: Financial Management and Day-to-Day Operations

Adopting energy solutions (e.g., zero tillage, solar energy) 0.450
Implementing irrigation systems (e.g., drip irrigation, sprinklers,

rainwater harvesting) 0.488

Managing income 0.696
Managing expenditure 0.746
Accessing information 0.436

a Extraction Method: Principal component analysis. Rotation Method: Varimax with Kaiser normalization.
Kaiser–Meyer–Olkin measure of sampling adequacy: 0.871.

3.5. Relationships Between Socio-Demographic and Farm-Related Factors and ECA Continuation

The ordinal regression analysis revealed several significant factors influencing farmers’
willingness to learn Environmental Conservation Agriculture (ECA) in Chitwan, Dhading,
and Kavre, Nepal (Table 3). Among the perceived effects of climate change, farmers who
recognized the rise in sea temperature and extreme heat as threats were 20% more likely to
be willing to learn ECA, highlighting how worsening climatic conditions drive the need for
sustainable agricultural practices. Additionally, farmers who experienced crop losses due
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to climate change were 64% more likely to seek knowledge on ECA, emphasizing that direct
economic losses serve as a strong motivator for adopting conservation-oriented farming.

Table 3. Relationship of socio-demographic and farm-related factors with farmers’ willingness to
learn ECA in Chitwan, Dhading, and Kavre districts at Bagmati Province, Nepal.

Predictor Estimate Odds Ratio Significance

Perceived climate change effects a

Heavy rain, floods −0.456 0.634 0.070
Rise in sea temperature, extreme heat 0.183 1.201 0.000 **

Cyclones, typhoons, hailstorms −0.417 0.659 0.168
Change in plant/crop distribution 0.298 1.348 0.346

Shifts in seasons/duration 0.179 1.196 0.558
Droughts 0.390 1.477 0.122

Damage to land/farmland −0.190 0.827 0.431
Loss of crops/farm products 0.496 1.642 0.037 *

Farming adaptation to climate change b

Planting heat/drought-tolerant varieties −1.174 0.309 0.000 **
Adjusting planting schedules −0.166 0.847 0.516
Using alternative crops/seeds −0.021 0.979 0.936
Improved water management 0.162 1.176 0.637

Enhanced pest and disease management 0.890 2.436 0.000 **
Changing land use (e.g., crop diversification, agroforestry) −0.121 0.886 0.807

Soil nutrient management 0.251 1.285 0.364
Technological adaptation (e.g., ICT, social media, apps) −1.111 0.329 0.033 *

Planting high-yielding crops 0.554 1.740 0.026 *
Market-focused adjustments (e.g., insurance, exchanges) 0.057 1.059 0.910

Selling place for ECA products c

Direct to consumers −0.373 0.689 0.159
Cooperatives −0.341 0.711 0.511
Supermarkets −0.830 0.436 0.476

Restaurants/hotels −1.124 0.325 0.102
Middlemen/traders 0.529 1.698 0.038 *

Local market/hat bazar (periodical open market) 0.464 1.591 0.020 *
Processors/millers −1.750 0.174 0.002 **

Self-consumption only 0.715 2.045 0.008 **

Reason to practice ECA d

To build consumer trust 0.188 1.207 0.534
To protect the environment 0.481 1.618 0.302

Personal health benefits 0.302 1.353 0.000 **
Higher market prices 0.222 1.248 0.354

Meet growing consumer demand −0.157 0.855 0.659
Provide better-quality food 0.280 1.323 0.272

Reduce chemical and pesticide use −0.242 0.785 0.284
Recommendation by organizations (NGOs, cooperatives, government) −0.030 0.971 0.975

Incentives or subsidies from the government 0.774 2.169 0.156
Policy support and market facilities −0.997 0.369 0.433

Expected impact of ECA e

Mitigating climate change −0.009 0.991 0.975
Conserving agro-biodiversity 0.076 1.079 0.788

Improving water quality −0.544 0.580 0.051
Groundwater conservation −0.439 0.645 0.129
Enhancing product quality 0.359 1.432 0.004 **
Reducing climate hazards 0.209 1.232 0.369

Increasing agricultural income 0.278 1.321 0.228
Promoting local industries −0.338 0.713 0.260

Stabilizing and improving livelihoods 0.020 1.020 0.969
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Table 3. Cont.

Predictor Estimate Odds Ratio Significance

Reason why it is good to switch to ECA f

To build trust with consumers −0.745 0.475 0.068
To improve the local and global environment −0.184 0.832 0.753

Self-health 0.524 1.689 0.032 *
Good/higher price 0.24 1.271 0.000 **

To meet the growing demand of consumers 0.091 1.095 0.775
To supply better food to all 0.001 1.001 0.996

To decrease the cost of chemicals and pesticides 0.037 1.038 0.879
Recommended by NGO, cooperatives, agricultural officers, local

governments, etc. 0.690 1.994 0.500

Incentives or subsidies from the government 0.027 1.027 0.971

Women’s participation in ECA g

Core production and post-harvest activities 0.052 1.053 0.338
Value chain and economic gains −0.016 0.984 0.721

Early-stage planning and resource mobilization 0.172 1.188 0.006 **
Foundational planning and financing −0.028 0.972 0.480

Innovative and risk management practices 0.023 1.023 0.651
External resources and market access 0.077 1.080 0.082

Financial management and day-to-day operations 0.121 1.129 0.059

* Significant at p < 0.05. ** Significant at p < 0.01. a Link function: Logit; Goodness-of-fit Pseudo R-square Cox
and Snell: 0.185; Nagelkerke: 0.225; McFadden: 0.119; Test of parallel lines: Chi-square = 5.484, df = 8, sig = 0.705;
Model fit: Chi-square = 78.473, df = 8, sig = 0.000. b Link function: Logit; Goodness-of-fit Pseudo R-square Cox and
Snell: 0.135; Nagelkerke: 0.164; McFadden: 0.084; Test of parallel lines: Chi-square = 20.263, df = 10, sig = 0.506;
Model fit: Chi-square = 55.331, df = 10, sig = 0.000. c Link function: Logit; Goodness-of-fit Pseudo R-square Cox
and Snell: 0.099; Nagelkerke: 0.121; McFadden: 0.061; Test of parallel lines: Chi-square = 1.858, df = 8, sig = 0.985;
Model fit: Chi-square = 40.032, df = 8, sig = 0.000. d Link function: Logit; Goodness-of-fit Pseudo R-square Cox and
Snell: 0.058; Nagelkerke: 0.071; McFadden: 0.035; Test of parallel lines: Chi-square = 17.708, df = 10, sig = 0.160;
Model fit: Chi-square = 22.701, df = 10, sig = 0.012. e Link function: Logit; Goodness-of-fit Pseudo R-square Cox
and Snell: 0.050; Nagelkerke: 0.061; McFadden: 0.030; Test of parallel lines: Chi-square = 3.924, df = 9, sig = 0.916;
Model fit: Chi-square = 19.599, df = 9, sig = 0.021. f Link function: Logit; Goodness-of-fit Pseudo R-square Cox
and Snell: 0.104; Nagelkerke: 0.127; McFadden: 0.064; Test of parallel lines: Chi-square = 10.318, df = 9, sig = 0.325;
Model fit: Chi-square = 42.058, df = 9, sig = 0.000. g Link function: Logit; Goodness-of-fit Pseudo R-square Cox
and Snell: 0.074; Nagelkerke: 0.090; McFadden: 0.044; Test of parallel lines: Chi-square = 9.162, df = 7, sig = 0.241;
Model fit: Chi-square = 29.371, df = 7, sig = 0.000.

Regarding adaptation strategies, farmers already engaged in improved pest and dis-
ease management were more than twice as likely to be willing to learn ECA, suggesting
that those familiar with proactive farming techniques see value in expanding their knowl-
edge. Similarly, those planting high-yielding crops were 74% more likely to learn ECA,
likely because they associate ECA with further productivity gains. However, farmers who
had already adopted heat- and drought-tolerant crop varieties were 69% less likely to
be willing to learn ECA, indicating that they may feel their current strategies sufficiently
address climate challenges. A similar pattern emerged with the use of ICT tools and social
media for farming, where farmers relying on these technologies were 67% less likely to
seek additional knowledge, implying that they may perceive digital tools as adequate
sources of information.

Market dynamics also played a role in farmers’ willingness to learn ECA. Those who
sold their products through middlemen and traders were 70% more likely to be interested in
learning, suggesting that these intermediaries may encourage sustainable farming practices
or provide incentives for farmers who adopt them. Likewise, those selling in local open-air
markets, known as hat bazars, were 59% more likely to learn, possibly because consumers
in these markets demand eco-friendly and high-quality agricultural products. In contrast,
farmers who sold their produce to large-scale processors or millers were 83% less likely to
be willing to learn ECA, likely because these markets prioritize volume and standardization
over conservation practices. Interestingly, farmers who primarily consumed their own



Agriculture 2025, 15, 726 17 of 24

produce were more than twice as likely to seek knowledge about ECA, suggesting that those
prioritizing food security recognize the value of sustainable and chemical-free farming.

Personal motivations also significantly influenced the willingness to learn ECA. Farm-
ers who cited personal health benefits as a reason for practicing ECA were 35% more
likely to be willing to learn, underscoring the perception that sustainable farming leads
to healthier food production. Similarly, those who believed that ECA enhances product
quality were 43% more likely to seek further knowledge, reinforcing the idea that high-
quality crops drive interest in conservation agriculture. Economic incentives also played
a key role, with farmers who expected higher prices for ECA products being 27% more
likely to learn, highlighting the importance of profitability in shaping willingness to adopt
sustainable practices.

Gender dynamics were also significant, as women’s participation in early-stage plan-
ning and resource mobilization increased the likelihood of farmers being willing to learn
ECA by 19%. This finding suggests that involving women in the decision-making process
from the outset encourages greater engagement with ECA.

These findings are further supported by the Spearman correlation analysis, which
highlights additional factors influencing farmers’ willingness to learn ECA (Table 4). Farm-
ers who perceived their farming methods as climate-resilient or climate-smart exhibited a
positive correlation with willingness to learn ECA, suggesting that those already engaged
in sustainable farming practices are more inclined to continue expanding their knowledge.
Likewise, farmers who expressed a general interest in ECA (r = 0.198, p < 0.01) were more
likely to seek further education on the topic.

Table 4. Spearman correlation of farmers’ willingness to learn ECA with ECA-related variables.

Variable Estimate Significance

Farming method is climate-resilient or climate-smart 0.207 ** 0.000
Interest in ECA 0.198 ** 0.000

FAO promotes ECA 0.305 ** 0.000
ECA can achieve sustainable income and productivity, improve
adaptive capacity and resilience, and reduce greenhouse gases 0.140 ** 0.006

Price satisfaction for ECA products −0.137 ** 0.007
Obtains ECA subsidy 0.255 ** 0.000

Perception that ECA can empower women 0.178 ** 0.000

** significant at the p < 0.01.

Institutional support also played a crucial role, as farmers aware of the Food and
Agriculture Organization (FAO) promoting ECA showed a significant positive correlation
with willingness to learn. Similarly, those who received subsidies for ECA-related activities
were more motivated to pursue additional knowledge, emphasizing the importance of
financial support in driving adoption.

Perceptions regarding the broader benefits of ECA also influenced learning motiva-
tion. Farmers who believed that ECA could achieve sustainable income and productivity,
improve adaptive capacity and resilience, and reduce greenhouse gases showed a signifi-
cant positive correlation. Furthermore, those who perceived ECA as a tool for women’s
empowerment were more inclined to learn, reinforcing the role of gender inclusivity in
sustainable agriculture.

Interestingly, satisfaction with ECA product prices exhibited a negative correlation
with willingness to learn. This suggests that farmers who are content with current price
structures may see less need for additional knowledge or improvements in their practices.

Overall, these findings highlight that farmers’ willingness to learn ECA is driven by a
mix of climate change experiences, economic opportunities, personal health concerns, and
market dynamics. Institutional and financial support, along with perceived environmental
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and social benefits, further influence this willingness. While those already implementing
certain adaptation strategies may feel less need for further learning, farmers experiencing
climate-related crop losses, seeking higher-quality produce, and targeting consumer-driven
markets show a strong inclination toward acquiring more knowledge about ECA. Addition-
ally, the role of women in early planning stages underscores the importance of inclusive
decision-making in fostering greater interest in sustainable agricultural practices. Moving
forward, efforts to promote ECA should emphasize its economic and health benefits, align
with market demands, and engage women in early planning to maximize adoption.

4. Discussion
This study provides critical insights into the socio-demographic, economic, and en-

vironmental factors influencing farmers’ willingness to learn about Environmental Con-
servation Agriculture (ECA) in Nepal, particularly in the context of gender dynamics
and women’s empowerment in sustainable agriculture. Grounded in Social Learning
Theory [30] and Empowerment Theory [31], the findings highlight the interplay between
knowledge acquisition, social influences, and structural empowerment in promoting ECA
adoption. These results have far-reaching implications for the future of Nepal’s agriculture,
particularly in fostering climate resilience, improving livelihoods, and advancing gender
equity. These also contribute to agrarian science by offering empirical evidence that con-
nects social learning mechanisms and empowerment processes to sustainable agricultural
practices in a developing-country context.

The findings reveal that 72.6% of farmers express a willingness to learn about ECA,
reflecting a growing awareness of its benefits. However, willingness alone does not neces-
sarily translate into actual adoption, as several external factors influence decision-making.
Social Learning Theory suggests that individuals learn and adopt new behaviors by ob-
serving their environment, engaging with peers, and recognizing tangible benefits. In this
study, farmers who have experienced climate-related crop losses (64%) are more inclined to
learn about ECA, indicating that environmental stressors serve as catalysts for adaptation.
This aligns with global research showing that climate vulnerability is a significant driver
of conservation-oriented agricultural decisions (Meijer et al., 2015) [23]. Similarly, farmers
engaged in consumer-driven markets (59%) demonstrate higher willingness to learn, likely
due to the market incentives that favor eco-friendly practices. This is consistent with studies
indicating that market access, consumer demand, and certification programs play a crucial
role in driving sustainable agricultural transitions [24,37].

Spearman correlation analysis further strengthens these findings by identifying key
ECA-related factors that significantly influence farmers’ willingness to learn. The study
finds a positive correlation between farmers’ perception of ECA as a climate-resilient or
climate-smart farming method and their willingness to engage with ECA. This aligns with
the literature highlighting ECA’s role in enhancing soil carbon sequestration and reducing
greenhouse gas emissions, demonstrating its tangible climate benefits [8–10]. Such evidence
supports the importance of demonstration plots and peer interactions, which align with
the Social Learning Theory, in clearly communicating ECA’s benefits. Additionally, interest
in ECA and recognition of FAO’s promotion of ECA are significantly associated with
willingness to learn, emphasizing the role of international organizations in shaping local
farming practices. Farmers who perceive ECA as a means to achieve sustainable income,
improved adaptive capacity, and reduced greenhouse gases are also more likely to engage in
learning activities, highlighting the importance of economic and environmental messaging
in ECA promotion [5,10].

Market dynamics also play a crucial role, as the correlation analysis reveals that price
satisfaction for ECA products is negatively associated with willingness to learn. This
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suggests that dissatisfaction with current market prices for ECA products may serve as a
barrier to engagement, reinforcing the need for improved market incentives, certification
schemes, and cooperative-led pricing mechanisms to enhance profitability for ECA farmers.
Conversely, farmers who receive ECA subsidies are more likely to be willing to learn,
indicating that financial support mechanisms can significantly impact the adoption of
sustainable agricultural practices.

A key contribution of this study is its exploration of the relationship between women’s
empowerment and ECA adoption. In alignment with Empowerment Theory, the results
indicate that households where women actively participate in early-stage agricultural
decision-making are 19% more likely to express willingness to learn about ECA. This aligns
with Empowerment Theory, which suggests that when individuals—particularly marginal-
ized groups—gain access to decision-making processes and resources, they become more
capable of driving meaningful change. Gender-inclusive agricultural policies, therefore,
have the potential to not only enhance women’s roles in farming but also accelerate the
adoption of sustainable practices. Further supporting this, the correlation analysis finds
that perceptions of ECA as a tool for women’s empowerment are significantly associated
with willingness to learn. This suggests that increasing recognition of the role of ECA in
gender equity can further drive interest and participation in ECA [38,39].

This study’s identification of key barriers faced by women, such as socio-cultural
constraints, resource and knowledge deficits, and institutional challenges, highlights critical
areas for targeted interventions. For instance, addressing socio-cultural barriers by reducing
women’s household workload and challenging gender norms can significantly enhance
women’s active participation. Similarly, overcoming resource and knowledge deficits
through educational programs, accessible financial support, and improved infrastructure
aligns directly with the motivations identified in this research. These findings emphasize
that tailored capacity-building initiatives, financial incentives, and supportive institutional
structures are essential to overcoming barriers and leveraging motivators for increased
ECA adoption among women.

Despite these promising trends, several barriers continue to hinder farmers’ ability to
engage with ECA. The most significant constraints include financial limitations, restricted
market access, and perceived risks associated with transitioning to ECA-based farming
methods. The study also highlights that farmers who have already adopted other adap-
tation strategies, such as drought-resistant crops or ICT-based farming solutions, exhibit
lower willingness to learn ECA. This suggests a substitution effect, wherein farmers who
perceive their current strategies as sufficient may be reluctant to invest additional time and
resources into learning new practices. Similar findings have been documented in previous
research, where the perceived effectiveness of existing solutions reduced engagement with
conservation agriculture [26]. These findings emphasize the need for tailored extension
services that not only introduce ECA as a sustainable alternative but also integrate it with
existing climate adaptation strategies to encourage broader adoption.

The findings of this study have several important policy and practical implications
for Nepal’s agricultural sector. The practical policy implications derived from this study
also link identified barriers to actionable solutions. Given that exposure to climate impacts
and market incentives increases willingness to learn ECA, expanding peer-learning net-
works, farmer field schools, and participatory training programs could further accelerate
adoption. Policies should encourage demonstration plots and model farms to showcase
successful ECA practices, community-based knowledge-sharing initiatives where experi-
enced farmers mentor others, and the incorporation of ICT-based agricultural extension
services using mobile applications and radio programs to disseminate ECA knowledge
more effectively. Since households where women are involved in decision-making are more
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likely to adopt ECA, policies should aim to increase women’s participation in agricultural
leadership, which aligns with the Empowerment Theory. This can be achieved through tar-
geted agricultural training programs for women, ensuring they gain technical knowledge
and decision-making skills, microfinance and credit schemes tailored for women farmers,
helping them access capital to implement ECA practices, and encouraging women’s repre-
sentation in farmer cooperatives and community agricultural boards, ensuring they have a
voice in shaping local agricultural policies.

Given women’s disproportionate agricultural constraints, interventions should aim
to reduce their labor burdens associated with ECA through labor-saving technologies,
childcare support, and policy incentives recognizing women’s agricultural contributions.
Such initiatives are crucial given the increased labor demands on women farmers associated
with practices like intercropping and reduced tillage, as documented by Halbrendt et al.
(2014) [19].

Since market-driven farmers are more likely to engage with ECA, integrating sustain-
able farming into high-value markets could further incentivize adoption. Key strategies
include providing premium prices for ECA-certified products through organic certification
schemes, developing cooperative-led marketing strategies allowing small-scale farmers to
collectively negotiate better prices, and investing in climate-resilient supply chains, ensur-
ing farmers can transition to sustainable practices without financial risk. Since women face
disproportionate constraints in agriculture, targeted interventions should aim to reduce
the time and labor burden associated with ECA. This includes promoting labor-saving
technologies, such as mechanized planting and irrigation systems, providing child-care
support and social infrastructure allowing women to participate in training programs,
and ensuring institutional recognition of women’s agricultural contributions through land
tenure reforms and policy incentives.

Studying farmers’ willingness to learn ECA and its connection to women’s empow-
erment is crucial for Nepal’s agricultural development. With the country’s growing vul-
nerability to climate change, the transition to sustainable, conservation-based farming
is not just an economic necessity but a strategic imperative for food security and rural
livelihoods. By enhancing farmers’ access to knowledge, integrating gender-responsive
policies, and providing market-based incentives, Nepal can improve climate resilience by
reducing dependence on chemical-intensive agriculture, enhance economic opportunities
for smallholder farmers, particularly women, and foster inclusive agricultural development,
ensuring that marginalized groups—especially women—can actively participate in shaping
Nepal’s agricultural future [40,41].

5. Conclusions
This study underscores the critical role of social learning, economic incentives, and

gender empowerment in shaping ECA adoption in Nepal. Farmers’ willingness to learn
ECA is strongly influenced by climate-related experiences, market access, and women’s
involvement in decision-making. The findings reinforce the idea that gender-inclusive
agricultural policies are not only necessary for women’s empowerment but are also instru-
mental in fostering climate-resilient farming communities. Women’s participation in early
agricultural planning and decision-making creates more openness to innovation, reinforc-
ing the need for institutional support that strengthens their leadership in agriculture.

While this study provides valuable insights, several limitations must be acknowledged.
First, the cross-sectional design captures farmers’ willingness to learn at a single point in
time, limiting our ability to assess long-term behavioral shifts. Future research should
employ longitudinal studies to track ECA adoption patterns over time and measure whether
willingness translates into sustained implementation. Second, while the study focuses on
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three districts (Kavre, Dhading, and Chitwan), expanding research to other agro-ecological
zones in Nepal would enhance the generalizability of findings. Additionally, qualitative
research exploring women’s lived experiences in ECA adoption would provide deeper
insights into the socio-cultural barriers influencing gender roles in sustainable agriculture.

The study’s findings underscore the need for targeted policy interventions and prac-
tical measures to enhance ECA adoption while promoting gender-inclusive agricultural
development [36]. Given that exposure to climate stressors and market incentives in-
creases willingness to learn ECA, expanding farmer-to-farmer knowledge-sharing plat-
forms, demonstration plots, and participatory training programs can accelerate the dissem-
ination of sustainable agricultural practices. Market-driven incentives, such as certification
programs and premium pricing for ECA products, should be promoted to encourage
greater participation among farmers. For instance, establishing certification standards
through collaboration with local and international certification bodies can create tangible
market opportunities. Furthermore, setting up district-level demonstration plots managed
by successful adopters can provide real-world examples that clearly illustrate economic
benefits, reducing farmers’ uncertainty about transitioning to ECA.

In Nepal, each municipality and rural municipality has an agriculture and agriculture
extension section which disseminates agricultural technology, good practices in the locality,
and distributes better seeds to the farmers from the central departments. For the specific
real-world example in this study area, ECA products can be sold to the bulk buyers, such
as resort hotels in Dhulikhel in Kavre, national park resorts in Chitwan, and Kurintar
resorts adjacent to Dhading. Such resorts and hotels serving international and domestic
tourists purchase quality ECA products at relatively high prices from the local farmers
on trust-based transactions. Local ECA farmers can benefit from such buyers, and each
municipality and rural municipality can be the linchpin. Thus, this can be applicable to any
such region elsewhere.

Another significant implication of this study is the necessity for gender-inclusive
policies in agriculture. Given that households where women participate in decision-making
are more likely to adopt ECA, policymakers should focus on increasing women’s leadership
roles in farming cooperatives, agricultural committees, and community resource manage-
ment initiatives. Providing targeted training programs for women farmers, ensuring access
to credit, and implementing land tenure reforms are crucial steps toward achieving this
goal. Furthermore, recognizing and reducing the unpaid labor burden on women through
labor-saving technologies, childcare support, and community-based agricultural assistance
programs can further enhance their engagement in sustainable agriculture. For example,
the government could implement targeted micro-financing programs specifically aimed at
women farmers, accompanied by capacity-building workshops on financial management
and agricultural best practices. Additionally, introducing simple, cost-effective labor-saving
tools and machinery, such as hand-operated seed planters or affordable drip irrigation
systems, could significantly alleviate women’s workload.

The practical contributions of these findings to sustainable agricultural development
are substantial. By clearly identifying and addressing the barriers to ECA adoption—such
as limited market access, insufficient financial incentives, and gender disparities in resource
access—this research provides concrete pathways for achieving sustainable development
goals (SDGs), particularly those related to gender equality (SDG 5), climate action (SDG
13), and sustainable agriculture (SDG 2). Enhanced ECA adoption can lead to improved
soil health, reduced environmental degradation, and increased agricultural productivity,
directly benefiting food security and rural livelihoods in the region. Furthermore, empow-
ering women through targeted interventions aligns with broader national development
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priorities, creating inclusive growth opportunities and strengthening community resilience
against climate impacts.

To accelerate ECA adoption and support Nepal’s climate resilience goals, policymakers,
development organizations, and agricultural stakeholders must implement knowledge-
sharing initiatives, financial incentives, and institutional reforms that prioritize gender
equity. Expanding farmer education programs, improving access to markets, and inte-
grating ECA into national agricultural strategies will be crucial in achieving sustainable
food production and climate resilience. Moreover, addressing gender disparities in land
ownership, financial resources, and agricultural training will further empower women,
ensuring they play a central role in Nepal’s agricultural transformation.

Nepal stands at a pivotal moment in its agricultural development. By addressing key
barriers and leveraging economic motivators, the country can foster a more inclusive, sus-
tainable, and climate-resilient agricultural sector. Moving forward, an integrated approach
that combines economic, environmental, and social strategies will be essential in ensuring
that ECA adoption not only improves productivity but also strengthens rural livelihoods
and gender equity. Only through such comprehensive efforts can Nepal achieve long-term
food security, economic stability, and environmental sustainability in its agricultural sector.
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