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Abstract

The hilly and mountainous regions of Nepal create a suitable environment for the cultivation of large
cardamom, a high-value cash crop with significant global market potential. However, climate change
poses significant threats to its production and the livelihoods of farmers dependent on this crop. To
cope with these challenges, adopting climate-resilient agricultural practices is essential, particularly
among smallholder farmers and those in rural communities. However, the extent of their
implementation remains largely unknown. We surveyed 158 households in Ilam and Tehrathum
districts to assess the adoption intensity of climate-resilient practices among large cardamom farmers,
using the Ordered Probit Model. Findings indicate considerable variation in adoption intensity;
traditional practices like tillering, weeding, and irrigation saw high adoption, while more innovative,
knowledge-intensive methods were less embraced. Factors positively influencing high adoption
included education, farmers' group membership, access to labor, and regular extension service
contact. Despite the widespread use of traditional practices, the uptake of scientifically recommended
methods for climate resilience remained limited. The study recommends policy initiatives focusing
on farmer education, enhancing farmer-led institutions, addressing labor shortages, and improving
extension services to foster sustainable agricultural practices.

Keywords: Adoption Intensity; Ordered Probit Model; Extension Services; Socio-economic factors;
Sustainability; Climate-resilient; Nepal

1. Introduction

Climate change and unsustainable agricultural practices remain as one of the biggest global
challenges that have significantly impacted the agricultural sector of the hilly and mountainous
regions in the world [1]. Climate change has significantly affected the livelihoods of small-holder
farmers of rural communities in developing countries like Nepal [2]. Nepal remains one of the top
five climate-vulnerable nations in the world [3]. The farmers have been witnessing climate
variabilities, such as intense rainfall, prolonged droughts, an increase in new pests and diseases, and
rising temperatures, which have threatened the production and productivity of the crops [2,4,5]. The
economy of Nepal is mainly based on agriculture. Agriculture contributes about 21.87 % to GDP [6].
Out of various agricultural commodities, Large Cardamom has been widely cultivated over the past
two decades, becoming very popular among farmers due to its high cash value in both domestic and
international markets. Large Cardamom (Amomum subulatum Roxb.) is one of the world’s oldest
spices, which is known as Black Gold or the Queen of Spices [7,8]. According to FAO [9], Nepal
ranks as one of the largest producers of cardamom in the world [10], and it contributes only about
0.31% to the national GDP [11]. Although its contribution to GDP is small, it is a very important crop
due to its potential for generating high revenue from export, which supports rural livelihoods [12].
The cardamom was first imported from Sikkim, India [13], and then introduced in the Ilam district,
and has since been expanded to more than 50 districts in Nepal [14]. However, the primary
production regions are Ilam, Tehrathum, Panchthar, and Sankhuwasabha. They make up 87.04% of
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the country's total output, with data indicating that around 125000 households are involved in
cardamom cultivation [12,14].

Large Cardamom is considered one of Nepal's key commodities, with the potential to
substantially reduce poverty and promote sustainable rural development [15]. However, the
production of large cardamom has decreased globally in recent years due to factors such as diseases
and a changing climate [7,14]. It is a crop highly sensitive to climate; it thrives best in temperatures
between 7 and 30 degrees Celsius, with annual rainfall of 3000-3500 mm, requiring a cool, humid
environment with shade [7]. However, the production, market values, and income sources of
farmers associated with the quality of cardamom are threatened by climate change effects [16]. To
enhance resilience and address climate change impacts, ensuring the sustainability of important
crops like Large Cardamom, communities need to implement climate-resilient farming practices [1,5].

Climate-resilient practices are those methods of farming that reduce the climate risks, help to
mitigate and adapt to climate change impacts, and maintain productivity and ecological
sustainability [17]. In Nepal, the International Centre for Integrated Mountain Development
(ICIMOD) released a manual on implementing climate-resilient practices for Large Cardamom
cultivation, designed to significantly enhance the sustainability of Large Cardamom farming [18].
ICIMOD, in partnership with the Environment Conservation and Development Forum, has been
providing various trainings, demonstrations, and on-site coaching to the local cardamom growers for
increasing awareness on the adoption of climate-resilient practices [19]. While these climate-resilient
practices are proven to support sustainable cardamom production in the context of climate change,
their adoption by farmers remains inconsistent, likely due to various socio-economic, demographic,
and institutional factors [3].

Several studies focus on the economic analysis of the production and marketing of cardamom.
Still, few have examined the factors affecting the adoption intensity of climate-resilient practices in
agricultural commodities like cardamom in the eastern districts of Nepal, like Ilam district and
Tehrathum district. Therefore, identifying this research gap, we focused our analysis on
understanding the status of the adoption intensity of climate-resilient practices by the farmers who
took the training and understanding the factors influencing the adoption intensity of these practices.
This study aims to assist policymakers by offering clear evidence on the factors influencing adoption,
thereby enabling the development of targeted policies and effective extension strategies to boost
climate resilience in the Large Cardamom sector.

2. Materials and Methods

We conducted the study in the Ilam and Tehrathum districts of Koshi Province of Nepal during
the year 2023/24 (Figure 1). Ilam and Tehrathum are purposively chosen for the study because they
are among the top producers of large cardamoms in the country. The study focused on specific
municipalities within these two districts, which are the Rong Rural Municipality of Ilam and
Laligurans Municipality of Tehrathum district (Figure 1). These areas have a higher concentration of
cardamom farmers and the availability of farmer support programs.

Both municipalities feature mid-hill agro-ecology, where large cardamom agroforestry is a main
land-use system [20]. For the cultivation of cardamom, the feasible elevation ranges from 500 to 1500
meters above sea level [21]. Ilam has an elevation ranging from 140 to more than 3600 meters, offering
various climatic zones that are favorable to tea and large cardamom. Tehrathum has its elevation
ranging from 169 to 3038 meters, and it has tropical, alpine, and cold climate conditions that make
the cultivation of large cardamom suitable. Cardamom is a main source of cash income and
livelihoods for many farmers in the study area. Additionally, various governmental and non-
governmental organizations are involved in the study area actively to promote climate-resilient
agriculture (CSA), making them relevant for exploring the adoption of sustainable agricultural
practices.
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Figure 1. This is Figure 1: Location of the study areas: Laligurans Municipality (C) and Rong Rural Municipality
(D) within respective Tehrathum and Ilam districts (B) of Nepal (A).

2.1. Data Collection and Analysis

We used a multi-stage sampling procedure to select the study areas. In the first stage, the Ilam
and Tehrathum districts were purposively chosen. In the second stage, Rong Rural Municipality and
Laligurans Municipality were selected because they have a high number of cardamom growers and
are active sites for climate resilience projects. The farmers were randomly selected from the sampling
frame, which included all households that took part in training programs on climate-resilient
practices for large cardamom farming in the selected area. The partner organizations provided the
list of the beneficiaries upon request. We focused on trained beneficiaries because it could help assess
the factors influencing the adoption intensity of promoted climate-smart practices directly. We
selected 158 households, 99 from Rong Rural Municipality of Ilam district, and 59 from Laligurans
Municipality of Tehrathum. These numbers include the sample respondents who are trained
beneficiaries at each site.

For the data collection, primary datasets were collected from farmers' household surveys using
a pre-tested, semi-structured questionnaire. Before doing the survey, all the respondents were
provided with verbal consent, and we assured them that their data would remain confidential and
their identity would be anonymous throughout the study process. The researchers directly involved
in the study had access to the raw survey data to ensure adherence to ethical standards. The
secondary data were collected from a review of both published and unpublished reports from
governmental and non-governmental organizations, such as annual reports from the Ministry of
Agriculture and Livestock Development (MOALD), district statistical records, ICIMOD publications,
and peer-reviewed journal articles. The information from the secondary data collection helped to
contextualize the study, confirm the primary data findings, and provide background on production
trends and program interventions.
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2.1. Variables in the Econometric Model and Data Analysis

We employed an Ordered Probit Model as an econometric model to understand the factors
influencing the adoption intensity of climate-resilient practices among large cardamom farmers.
Quantitative data were gathered on various variables, including household demographics, farm
characteristics, assets and income sources, and access to institutional support, such as credits,
extension services, and farmers' group membership. Furthermore, we examined the adoption
intensity of thirteen climate-resilient practices. These practices were based on the climate-smart
agricultural guide created and promoted by ICIMOD for the large cardamom sector and their
relevance to the study area [22,23]. These practices include manure application, irrigation, weeding,
intercropping, shade trees, slashing tillers, weed growing in winter, harvesting, disease monitoring,
mulching, green manuring, drying, and post-harvest storage. All these variables were treated as
equally weighted index for analysis to reflect a focus on the overall adoption of climate-resilient
practices.

We analyzed the data collected using descriptive and inferential statistical methods in STATA
software (version 17) and Excel 2021. The descriptive analysis included the means and standard
deviations that summarized the socio-economic characteristics of the respondents and the adoption
rates of the individual climate-resilient practices. For the econometric model chosen, adoption
intensity of the climate-resilient practices is the dependent variable. We chose the dependent variable
in two steps. Initially, we prepared an adoption index for each household by summing the total
number of independent variables implemented by the household farmers. This resulted in an index
score ranging from 0 to 13. Secondly, we employed the mean and standard deviation method to move
beyond a simple count and categorize the farmers into different groups based on adoption intensity.
It is a standard procedure in such research where the subjects are grouped into similar categories for
ease of analysis [24].

Based on the index scores generated, we placed the total respondent households into three
groups using a threshold of 0.5 standard deviations. They are Low Adopters (LA), Medium Adopters
(MA), and High Adopters (HA). Those respondent households that had an adoption score below,
within, and above the 0.5 standard deviations from the mean were categorized as LA, MA, and HA,
respectively. This classification resulted in an ordered, categorical dependent variable where the
categories have a clear, fixed rank (Low < Medium < High), but the intervals between them are not
necessarily equal.

Given the ordered nature of the dependent variable, we chose an Ordered Probit Model for the
analysis because of its capacity to handle a case of more than two-category outcomes of a dependent
variable that have a natural ordering system, like low, medium, and high adoption rates, as in our
study. [25]. The cumulative normal distribution is used in Probit for interpreting the results.
Although there are several other econometric models, such as Ordinary Least Squares (OLS) and
multinomial logit (MNL) models, we chose the ordered Probit model. OLS would not be appropriate
because it would treat the ranked categories as equal distances apart. This can lead to biased and
inconsistent estimates. [26] Although an MNL model could work, it wouldn’t consider the natural
order of the categories. This oversight could result in a loss of statistical efficiency. [27]

Ordered Probit model assumes an underlying, unobservable latent variable, y* [28], which
represents a household's propensity to adopt a higher intensity of climate-resilient practices. This
latent variable is determined by a vector of explanatory variables (X) and an error term (¢), specified
as Equation 1 given by.

yi=pXite ()

where, y* is the unobserved adoption propensity for i farm household; Xi is the vector of
independent socio-economic and institutional variables; {3 is the vector of parameters to be estimated;
and &; is the random error term, assumed to be independent and normally distributed with a mean
of zero and a variance of one [& ~ N(0, 1)].
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3. Results and Discussion

Table 1 presents the demographic, socio-economic, and institutional characteristics of the 158
surveyed cardamom farmers. The demographic data revealed the average age of the respondents
was 49.5 years, reflecting experienced and aging farmers in the hilly region of Nepal. The majority of
the respondents were male (73.4%), and the average formal education level was 7.31 years. The
average farm size was 0.56 hectares, which is slightly lower than the national average of 0.6 hectares
for small-scale farmers [29]. The respondents had an average of 9.63 years of experience in farming,
and they had a mean annual household income of USD 2958.05. Regarding institutional access, 60.1%
of farmers reported they had membership in farmers' groups, while 62.6% had credit access and
45.5% maintained regular contact with agricultural extension workers. About 60.1% of respondents
reported that they have access to labor. Furthermore, 74.0% of the respondents reported that they are
using information and communication technologies (ICT) for agricultural purposes, such as mobile
phones and FM radio. This highlights the increasing importance of digital tools in rural agricultural
systems [30,31].

Table 1. Descriptive statistics of the independent variables used in the study.

Variables Description Mean SD
Gender =1 if male, 0 female 0.734 0.443
Age Age of the respondent (year) 49.5 10.238
Education Formal schooling of the respondent (year) 7.310 3.160
Experience Farming experience of the respondent (year) 9.626 4.010
Farm size Farm size of the respondent (hectares) 0.56 0.29
Income Annual income of household (USD) 2958.05 1139.21
Membership =1 if member in farmers group, 0 otherwise 0.601 0.491
Credit =1 if access to credit, 0 otherwise 0.626 0.485
Labor =1 if access to credit, 0 otherwise 0.601 0.491
Extension =1 if regular contact with' extension worker, 0 0.455 0.499
otherwise
ICT =1 if use of ICT, 0 otherwise 0.740 0.439

Note: 1 USD =138.92 NPR as of July 29, 2025.

The adoption intensity of climate-resilient practices among cardamom farmers varied widely, as
shown in Table 2. Our research showed that all farmers, 100%, practiced slashing of tillers, which
could be a result of traditional knowledge and common farming methods being performed
traditionally in the study area. Weeding was among the most frequently performed practices,
reported by 89.2% of respondents. It was accompanied by harvesting, drying, manure application,
and irrigation, each of which was reported by over 85% of respondents. Adopting these basic farm
management and post-harvest practices can help bring resilience and sustainability in cardamom
farming amid climate change conditions [32]. Farmers also widely adopted mulching and disease
monitoring practices, with 75.9% and 70.2% of respondents reporting each, respectively. Adoption of
these climate-resilient practices corresponds to the growing level of awareness of the pest and
moisture management needs of the farmers. However, the adoption intensity of practices like green
manuring, shade tree planting, and post-harvest storage was moderate (Table 2).

Table 2. Descriptive statistics of Climate-resilient practices being used by cardamom farmers in Ilam and
Tehrathum districts of Nepal.

Variables Climate-Resilient Practices Description Mean SD
Use well-rotted dung;
Manure application =~ remove any containing pests
(e.g., white grubs).

=1 if adoption, 0

. 0.867 0.340
otherwise
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Apply sprinkler/drip
Irrigation irrigation regularl}f during =1 if adopt‘lon, 0 0.867 0.340
dry spells (min. otherwise
twice/week).
. Weed before flowering and L .
Weeding harvest; use weeds as =Lif adopt‘lon, 0 0.892 0.310
otherwise
mulch.
. Grow nitrogen-fixing crops . .
I =1 if
ntercropping (e.g., pulses, beans, siris, ! adopt.lon, 0 0.056 0.232
. . otherwise
phaledo) to enrich soil.
Plant Alnus, Albizia
hade t § § =1 if adopti
Shade trees Artemisia, or other local 1hadop .1on, 0 0.360 0.481
. otherwise
shade species.
o Carefully cut f‘rultmg tillers ~1 if adoption, 0
Slashing tillers and spread trimmed parts . 1 0
otherwise
around bushes.
In high alti
Weed growing (winter) nhigha t.1tudes, grow =1 if adoption, 0
weeds in winter to protect . 0 0
otherwise
new shoots from frost.
Gently harvest without
H i =1 if i
arvesting damaging new shoots for ! adopt‘lon, 0 0.886 0.318
.\ otherwise
better fruiting next year.
. o Watch for pests/disease . .
D t =1 if adopt
1sease monttoring year-round; isolate affected 11 acoption, 0 0.702 0.458
otherwise
plants.
. Use slashed stems, weeds, L .
Mulching or residues as mulch for =Lif adopt.lon, 0 0.759 0.428
. . otherwise
protection and nutrients.
Plant leguminous
shrubs/trees (e.g., Sesbania
Green manuring bispinos, White Popinac =1 if adopt‘lon, 0 0.367 0.483
(Leucaena leucocephala), otherwise
Crotalaria juncea) as live
fences or insect repellents.
Use dry hardwood for
Drying un%form drying; avoid =1if adopt'lon, 0 0.886 0318
moisture, and reshuffle otherwise
capsules often.
Store in dry, ventilated . .
Post-harvest storage rooms to avoid fungus and =1 if adoption, 0 0.348 0.477

) otherwise
ensure better market prices.

Despite its low adoption rate, these practices are essential for maintaining the long-term
sustainability of large cardamom farming. The reason for their limited adoption could be due to the
requirement of more technical knowledge, labor, financial reasons, or policy reasons, like the
government providing subsidies for using chemical fertilizers rather than green manuring [7,33,34].
Furthermore, our study revealed that only about 5.6% of the respondents adopted intercropping with
the nitrogen-fixing crops. This finding demonstrates the limited use of essential climate-resilient
practices in large cardamom fields in the study area. Among all the practices analyzed, growing
winter weeds was never implemented. These findings suggest that farmers have been focusing on
practices that directly improve yield, such as slashing the tillers, irrigation, drying, harvesting, and
manure application. However, the scientifically recommended packages of practices for climate
resilience and ecological sustainability are still underused [21].

The average adoption score for the practices was 7.99, with a standard deviation of 0.14. Scores
below seven are classified as low intensity, a score of eight as medium intensity, and nine or higher
as high intensity. The study revealed that adoption scores ranged from 5 to 11, with no respondent
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scoring exactly seven. Overall, 40.50% of participants were classified as high-intensity adopters,
24.05% as medium-intensity, and 35.45% as low-intensity.

Table 3 presents the results of the Ordered Probit Model for the factors that influence the
adoption intensity of climate-resilient practices by the large cardamom farmers. We have given both
the estimated coefficients and marginal effects. The likelihood ratio statistics of 120.82 was found
significant at 1% level. It meant that the coefficients of the explanatory variables jointly influence the
decisions of farmers to adopt climate-resilient practices. The Pseudo R?value of 0.355 showed a good
explanatory power of the independent variable used in the study, and the two cutoff points estimated
are significantly different, which reveals that the outcome categories are distinct and valid for the
model.

Table 3. Parameter estimates and marginal effects of the Ordered Probit Model analysis of factors influencing

the adoption intensity of climate-resilient practices for large cardamom farmers in Nepal.

Std Outcome (1) Outcome (2) Outcome (3)
Variables  Coef. T Z Std. Std. Std. p>z
Err. dy/dx Err. dy/dx Err. dy/dx Err.
Gender 013 024 055 -0.027 0.050 -0.000 0.001 0.027 0.050 0.585
Age 0.03 0.01 1.74 -0.005* 0.003 -8.75e-06 0.000 0.005* 0.003 0.082

Education 0.16 0.04 3.65 -0.034** 0.009 -0.00005 0.001 0.034*** 0.008 0.000
Experience  0.02 0.04 053 -0.004 0.009 -7.23e%  0.002 0.004 0.009 0.597
Farmsize -0.03 0.03 -0.95 0.005 0.005 8.096%  0.000 -0.005  0.005 0.345
Income -0.81 0.82 -099 0.170 0.169 0.0002 0.008 -0.170 0172 0.322
Membership 0.62 025 243 -0.129* 0.051 -0.0001 0.006  0.129** 0.052 0.015
Credit 037 026 140 -0.077 0.054 -0.0001 0.003 0.077 0.055 0.162
Labor 1.04 023 446 -0218** 0.041 -0.0003 0.010 0.219*** 0.045 0.000
Extension 085 024 351 -0.178** 0.049 -0.0002 0.008 0.178*** 0.045 0.000

ICT 0.13 027 049 -0.027 0.056 -0.00004 0.001 0.027 0.056 0.624
[cutl -091 440
[cut2 0.19 4.39

No. of obs. 158
LR chi2 (11) 120.82
Prob>chi2 0.0000
Pseudo R2 0.3552
Log
likelihood

Note: *, **, ** indicate significance level at 10%, 5%, 1%, respectively.

-109.66

The age of the respondent household head exhibited a positive and significant effect on the high
adoption intensity of climate-resilient practices at a 10% level of significance. This indicates that older
farmers are more likely to adopt climate-resilient practices than their younger ones. The marginal
effect of farmers' age on adopting such practices is 0.005, meaning the likelihood of high adoption
increases by 0.5% for each year above the average age of the farmers. This could be due to the fact
that elderly farmers have more experience on farming, higher ability to manage risks and
uncertainties, access to land, and social resources [35-38].

The formal education of the respondent was found to have a positive and significant effect on
the adoption intensity of climate-resilient practices among large cardamom growers at 1%.
Suggesting that, relative to uneducated farmers, raising the educational level through formal
education significantly increases the probability that households will adopt various practices. Results
showed that the marginal effect of education level on households practicing high-intensity adoption
is 0.034, suggesting that higher education levels increase the likelihood of farmers adopting climate-
resilient practices at a high intensity. Farmers with formal education can read materials and
advertisements provided during training and workshops, and engage with extension workers
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[25,39,40]. This interaction could potentially influence them to understand climate change, its impact
on agriculture, and to adopt high-intensity practices in their farming. The study conducted by [41]
found that educated farmers are more likely to recognize the long-term advantages of climate-
resilient practices and tend to be more receptive to adopting innovative farming methods in the
Nepalese context.

Access to membership in a farmers' group played a strong role in the likelihood of farmers
adopting climate-resilient practices in extensive cardamom cultivation. The coefficient on the
membership was positive and significant at 5%, and it predicts higher adoption intensity. Previous
research indicates that social networks are crucial for agricultural growth [39]. Farmer groups act as
essential platforms for peer learning, exchanging information, and collaborative efforts [42].
Organizational backing and peer support enhance access to resources, training, and technical
assistance for adopting climate-resilient practices [43].

Similarly, we found that the availability of labor significantly and positively influences the level
of adoption at 1% level of significance. A slight increase in the availability of labor for farming raised
the likelihood of adopting high-intensity practices by 21.9%, assuming other factors remain
unchanged. This suggests that households with ample labor resources could implement high-
intensity practices, as many of these, such as manure application, agroforestry, mulching, weed
growing in winter, and intensive weeding, require substantial labor [4]. Labor shortages, often
resulting from migration or demographic changes, restrict the ability to carry out new or additional
work necessary for climate-resilient practices [44]. This is especially true in Nepal, where high out-
migration has been a leading problem, causing labor shortages and increasing the involvement of
women in agriculture [45].

The variable “Extension” which represents the regular contact of the farmers with the extension
workers, was found to be another positive and significant factor influencing the high adoption
intensity at 1% significance level. The value marginal effect for households that regularly interact
with extension workers and adopt high-intensity practices is 0.178. This means that, all other
variables being constant, households with regular contact are 17.8% more likely to adopt high-
intensity practices compared to those without regular contact with the extension workers. This
finding highlights the vital role of extension services in raising awareness and encouraging the
adoption of climate-resilient practices by reducing information gaps and providing technical support
[46]. A similar study conducted in Nigeria found that regular interactions with extension workers
increase farmers' confidence in recognizing, understanding, and implementing climate-resilient
agricultural practices [47].

This study found that other factors, such as gender, farming experience, farm size, income,
access to credit, and ICT use, did not have a significant impact on the level of adoption. The farm size
and the income were negatively associated with the adoption of climate-resilient practices, though it
was insignificant. It means that the farmers with smaller farm sizes were more likely to adopt the
high-intensity climate-resilient practices. [41,48]. Additionally, access to credit was identified as a
factor that negatively influences the adoption of climate-resilient practices, which could be attributed
to the strict requirements linked to these financial products or a significant aversion to the perceived
risks of new agricultural technologies. Farmers tend to avoid taking loans from formal credit sources
due to high-risk loan terms, rigid repayment plans, demanding collateral requirements, and strict
eligibility criteria, which make these institutions difficult for small-scale farmers to access [49,50].
Farming experience and Income were found to have a positive effect on the adoption intensity,
although not significantly. In addition to this, we found that by gender, males are more likely to adopt
climate-resilient practices, which could be due to a higher proportion of the respondents being male.
A unit increase in the gender “male” increases the likelihood of adopting the practices by 2.7%. This
low value marginal effect indicates a weaker influence of gender on the adoption of climate-resilient
practices in the study area [51]. This highlights the importance of gender-responsive policies and
programs by different organizations on empowering women farmers and reducing the gender
disparities in access and adoption of climate-resilient practices in large cardamom cultivation [52].
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Although ICT usage was high at 74.0%, the absence of a significant impact on adoption intensity
indicates that farmers might not be effectively applying digital information to their farming practices.

4. Conclusions

Multiple factors influenced adoption intensity of climate-resilient practices among large
cardamom farmers in the climate-vulnerable eastern hills of Nepal. Farmers widely adopted basic
agronomic practices, but the use of more complex, eco-friendly methods like intercropping and green
manuring, which are beneficial in maintaining the climate-resilience in the long run, remains very
low. The motivation factor for greater adoption of climate-resilient practices are the human resources,
social networks, and labor workforce availability. The financial factors like access to credit did not
significantly influence adoption, but this could be due to the rigid bureaucratic system associated
with access to credit loans by farmers. This could have deterred the farmers from accessing the credit
loans for adopting mechanization-based farming methods.

Policies focusing on investment in the agricultural knowledge dissemination and innovation
system for farmers could prove more beneficial, as membership in farmers' groups and regular
contact with extension workers have been found to significantly predict high adoption intensity of
climate-resilient practices. We suggest three primary phases through which these climate-resilient
practices adoption could be enhanced: (i) restoring agricultural extension services to offer long-term,
tailored, site-specific, hands-on technical assistance; (ii) enhancing the local farmer groups and
cooperatives to encourage and teach farmer-to-farmer and collective action; and (iii) including
functional literacy and farm management education in rural development programs. Furthermore,
the significant role of available labor highlights the key sociocultural challenge linked to out-
migration in rural Nepal. Policymakers should adopt a dual strategy that promotes either labor-
saving or labor-efficient resilient practices, along with more community-focused approaches to labor
sharing. If this core constraint remains unaddressed, even the most knowledgeable and dedicated
farmers are unlikely to implement a comprehensive set of resilient practices. The governmental, non-
governmental organizations, universities, and private companies should collaborate to increase the
adoption intensity of climate-resilient practices in the study area for large cardamom growers. The
policies should focus on bringing more vocational training, hands-on training for the farmers, on-site
demonstrations of practices, and deploying more extension workers to the rural regions of the
country.

The study's limitations include its lower geographic scope and the number of samples used. This
restricts the broader applicability of our research findings. Therefore, future studies could extend this
research to other districts of Nepal, such as Sankhuwasabha and Panchthar, which are also major
production areas and neighboring regions of India. This comparison could help identify best
management practices, factors driving adoption, and barriers deterring adoption. Another limitation
of this study is that it is a cross-sectional study. To better understand the adoption intensity of these
practices and evaluate the effectiveness of governmental and non-governmental organizations in
raising awareness and providing training and knowledge on adopting climate-resilient practices for
large cardamom growers, future studies could conduct longitudinal research studies. This could help
policymakers understand the level of adoption and allow them to reformulate or revise policies
promptly based on data reports and farmers' needs.
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