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Rice farmers in Indonesia face significant challenges due to climate
change, including unpredictable weather patterns, extended dry spells,
and increased pest outbreaks. This study explores the resilience of rice
farmers to climate change through sustainable agricultural practices
using a qualitative approach with five purposively selected
participants. Data collection included semi-structured interviews, field
observations, and document reviews, analyzed through thematic
analysis. Results reveal that farmers are adopting practices such as
integrated pest management, organic fertilizers, efficient water use,
and resilient seed varieties. However, barriers such as economic
constraints, knowledge gaps, and inconsistent institutional support
hinder broader adoption. The findings emphasize the need for targeted
policy interventions, capacity-building programs, and leveraging
community networks to enhance resilience. This study contributes to
understanding how grassroots-level adaptations can mitigate climate
impacts and promote agricultural sustainability in Indonesia.
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1. INTRODUCTION

reducing yields, and necessitating changes in
cultivation practices. Climate change leads to

Climate change poses
challenges to agricultural systems worldwide,

significant

particularly in countries like Indonesia, where
rice farming forms the backbone of food
security and rural livelihoods. As one of the
largest rice-producing nations, Indonesia is
highly = vulnerable to
disruptions such as unpredictable rainfall,
prolonged droughts, flooding, and rising

climate-induced

temperatures, which directly impact rice
yields, the availability of water resources, and
the overall resilience of farming communities.
These effects include extreme weather
patterns like El Nifio that alter rainfall and
temperature,

disrupting rice production,

reduced rice yields due to altered rainfall
patterns and increased temperatures that
affect plant growth and development [1],
while prolonged droughts and floods disrupt
planting schedules and heighten pest and
disease outbreaks, further compromising rice
cultivation [2]. The availability and quality of
water —particularly crucial on the densely
populated and agriculturally significant Java
Island —are also threatened by diminished
precipitation exacerbated by
infrastructure expansion, intensifying water
scarcity and endangering food security [3]. To
address these risks, adaptive and mitigation

and
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strategies have been developed, including the
use of climate-hydrological-crop models to
forecast and manage impacts, despite existing
limitations in data accuracy [4]. Practices
rooted in green ecology, such as the
application of organic fertilizers and
integrated pest management, offer pathways
to enhance soil health and sustainability [2],
while investments in agricultural
infrastructure, technological innovation, and
human resource development are key to
bolstering resilience and ensuring food
security [5]. Moreover, strong government
support is vital to mainstream sustainable
farming practices and improve water
governance [2], with national programs like
food estate initiatives and agricultural
technology deployment marking important
steps  toward long-term  agricultural
sustainability and resilience [5].

In response to the multifaceted
challenges posed by climate change,
sustainable agricultural practices have
emerged as vital strategies to mitigate
environmental impacts while fostering long-
term environmental and economic resilience
in Indonesia. These practices promote
resource efficiency, biodiversity conservation,
and climate adaptability, offering a
comprehensive solution to agricultural
vulnerabilities. However, their adoption
among  smallholder farmers remains
constrained by a range of socio-economic,
cultural, and policy-related barriers.
Economically, high implementation costs and
market volatility deter farmers with limited
financial means from investing in sustainable
technologies and practices [6], while limited
access to critical resources such as technology,
markets, and financial services further
hampers their capacity to transition [7]. On
the cultural and educational front, a lack of
comprehensive education and training
programs restricts farmers' ability to acquire
the skills and knowledge needed for
sustainable agriculture [8], compounded by
cultural resistance rooted in traditional
farming norms that are often reluctant to
embrace innovation [9]. Policy-related
challenges also persist, including inadequate

policy support, the absence of targeted
incentives, and the need for reforms in
agricultural subsidies to create a more
enabling environment for sustainable
practices [6]. Moreover, the lack of effective
community engagement and underutilization
of cooperative models limit the potential for
collective action that can strengthen social
equity and resilience at the grassroots level
[6].

This study focuses on the resilience of
rice farmers in Indonesia to the impacts of
climate change, with particular attention to
the role of sustainable agricultural practices in
enhancing their adaptive capacity. By
analyzing the experiences and strategies of
farmers, this research aims to identify the
critical factors influencing their resilience and
provide actionable insights to support policy-
making and community-level initiatives.
Employing a qualitative methodology with
five key informants from diverse rice-growing
regions, this study contributes to
understanding how localized sustainable
practices can offer scalable solutions to the
broader challenges of agricultural
sustainability and climate resilience.

2. LITERATURE REVIEW

2.1 Climate Change and Its Impacts on
Agriculture

Climate change significantly impacts
rice farming in Indonesia, posing a severe
threat to food security and rural livelihoods as
the agricultural sector—particularly rice
production—is highly vulnerable to climate-
induced disruptions such as altered rainfall
patterns, rising temperatures, and the
increased frequency of extreme weather
events. These changes disrupt crop cycles,
reduce yields, and elevate the prevalence of
pests and diseases, disproportionately
affecting smallholder farmers who often lack
sufficient resources and adaptive capacity.
Notably, climate change has caused a 20%
reduction in land suitable for rice cultivation
in Indonesia between 1990 and 2009 due to
shifts in rainfall and seasonal cycles [10],
while El Nifio events, which affect at least 25%
of global agricultural land, have severely
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impacted rice yields in Indonesia [1]. The
disruption of traditional planting patterns
across various regions further underscores the
vulnerability of rice farming to climate
variability [1]. These impacts contribute to
food production declines, price volatility, and
food crises, thereby exacerbating national
food insecurity [5]. For smallholder farmers,
the drop in rice yields translates directly into
reduced income, amplifying their socio-
economic vulnerability [10]. In response,
Indonesia has begun implementing various
adaptation measures, including improving
agricultural infrastructure, enhancing
technological development, and expanding
arable land to secure food supplies [5]. On a
broader scale, global adaptation strategies
such as the development of climate-resilient
crop varieties, improved water management
systems, and the adoption of agroforestry
practices are also being promoted to mitigate
the adverse effects of climate change on
agriculture [11], [12]
2.2 Resilience in Agriculture

Building resilience in agriculture is
essential to ensure that farming systems can
withstand and recover from climatic and
economic  shocks  while  maintaining
productivity and  sustainability.  This
resilience involves enhancing farmers'
adaptive capacity through strategies such as
crop diversification, improved irrigation, and
the adoption of climate-resilient technologies.
Crop diversification reduces reliance on a
single crop and distributes risk across various
crops that may respond differently to climate
conditions, thus enhancing overall system
resilience [13]. The adoption of climate-
resilient technologies, including precision
agriculture and climate-smart practices,
enables farmers to optimize resource use and
sustain crop yields under changing
environmental conditions [13], [14]. Equally
important is the role of social capital, where
farmer networks and relationships facilitate
information and resource exchange, thereby
supporting  collective  adaptation  [15].
Knowledge sharing through community-
based approaches and collaboration with
research institutions further empowers

farmers to adopt and implement adaptive
strategies effectively [14]. In addition, policy
support and robust institutional frameworks
are crucial in providing resources and
enabling environments for adaptation.
Policies like the Common Agricultural Policy
offer structured support for resilience-
building, while institutional mechanisms help
channel investments and ensure farmers have
the necessary tools, infrastructure, and
knowledge to respond effectively to climate-
related challenges [15].
2.3 Sustainable Farming Practices as a
Pathway to Resilience

Sustainable farming practices are
vital for strengthening agricultural resilience
to climate change by maintaining ecological
balance, enhancing soil health, and
optimizing resource use. Key approaches
include Integrated Pest Management (IPM),
organic farming, conservation agriculture,
and efficient water management, each
contributing to more adaptable and
sustainable systems. IPM minimizes chemical
pesticide use by integrating biological,
cultural, and genetic methods, supported by
modern tools like precision agriculture and
remote sensing [16], [17]. Organic farming
improves soil fertility and biodiversity
through natural inputs, addressing soil
degradation and chemical overuse [18].
Conservation agriculture—using minimal
tillage and crop rotation—preserves soil
quality and supports water efficiency while
reducing emissions [19], [20]. Water-saving
methods such as drip irrigation and rainwater
harvesting are also essential for adapting to
water scarcity [19], [20]. In Indonesia, despite
their potential, adoption of these practices is
hindered by socio-economic and institutional
challenges, highlighting the need for targeted
support and policy reform.
2.4 Empirical Studies on Farmer Resilience

Empirical studies in Indonesia and
other developing countries emphasize the
vital role of sustainable practices in enhancing
farmer resilience, particularly through
community-led initiatives and the integration
of traditional knowledge. These strategies are
crucial in adapting to climate change and
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achieving long-term agricultural
sustainability by addressing economic,
ecological, and social dimensions.
Community seed banks and participatory
water management empower farmers to
collectively manage resources, while farmer
groups contribute significantly to
sustainability through education and active
involvement [8], [21]. Traditional ecological
wisdom, such as rotational farming and local
fishing techniques, supports environmental
conservation and cultural preservation,
helping communities adapt to environmental
shifts [22]. Economic incentives, improved
market access, and supportive policies further
encourage the adoption of sustainable
practices [21], while social capital —through
strong  networks and  trust—bolsters
resilience, especially in disaster-prone areas
like Mount Merapi [23]. Additionally, the
adoption of Climate-Smart Agriculture (CSA)
practices, including efficient water and crop
management, enhances farmers’ ability to
cope with climate variability, supported by
continuous education, awareness efforts, and
timely weather information [24].

3. METHODS

This study employs a qualitative
research design to explore the resilience of rice
farmers in Indonesia to climate change
through the lens of sustainable agricultural
practices. A qualitative approach enables a
rich understanding of farmers’” lived
experiences, perceptions, and adaptive
strategies in response to shifting climatic
conditions. The research was conducted
across five rice-producing regions in
Indonesia, selected for their varied climatic
agricultural systems,
encompassing both irrigated and rain-fed

zones and

fields. Five rice farmers were purposively
selected based on their direct experience with
sustainable farming and their exposure to
climate change impacts. The selection criteria
included a minimum of five years’ farming
experience, demonstrated use or awareness of
sustainable practices, and willingness to
participate in in-depth interviews. Data
collection methods included semi-structured

interviews guided by key themes—
perceptions of climate change, adoption of
sustainable practices, implementation
challenges, and the role of external support
such as government or community programs.
These interviews were complemented by field
observations to contextualize responses and
examine environmental and infrastructural
conditions on the farms. Additionally,
relevant documents including government
regulations and local agricultural guidelines
were reviewed to enrich the primary data.

The data were analyzed using
thematic analysis, following a structured
process to identify and interpret key patterns.
First, audio recordings were transcribed
verbatim, and field notes were reviewed to
build familiarity with the data. Second,
coding was conducted using both inductive
and deductive approaches to capture
emergent themes and those aligned with
existing theories. Third, codes were
categorized into broader thematic groups
such as “perceptions of climate change,”
“sustainable agricultural practices,” and
“barriers to adoption.” Finally, these themes
were interpreted in relation to the research
objectives and supported by relevant
literature to extract meaningful insights into
the strategies and challenges faced by rice
farmers in enhancing climate resilience
through sustainable agriculture.

4. RESULTS AND DISCUSSION

4.1 Respondent Demographics

The five participants in this study
varied in age, farm size, and years of farming
experience. They represented a mix of
irrigated and rain-fed rice farming systems.
All participants had over ten years of
experience in rice farming, with two
participants actively involved in local farmer
associations promoting sustainable practices.
This  diversity —provided a nuanced
perspective  on  the challenges and
opportunities in adopting sustainable
agricultural practices.
4.2 Perceptions of Climate Change

All participants reported
experiencing significant changes in weather
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patterns over the past decade, notably
unpredictable rainfall, extended dry spells,
and a rise in pest outbreaks. These climatic
shifts have had direct negative impacts on rice
yields, contributing to economic instability
among farmers. The erratic nature of the
seasons has disrupted traditional planting
schedules, particularly for those dependent
on natural rainfall. As P1, a rain-fed farmer,
stated, "In the past, I could predict when to
start planting. Now, the rainy and dry seasons
are no longer consistent, making it confusing."
This unpredictability forces farmers to make
high-risk decisions about planting times,
often without reliable climate forecasts.

In irrigated areas, the situation is
compounded by infrastructure vulnerabilities
and more frequent flooding events. P3, an
irrigated farmer, shared, "Flooding has
become more frequent, especially during the
planting season, destroying many of our
crops.” This recurrent flooding not only
damages crop but also degrades soil quality
and increases the burden of recovery on
farmers. Together, these experiences highlight
how both rain-fed and irrigated rice farming
systems in Indonesia are increasingly
threatened by climate change, making
resilience-building and adaptive strategies
essential for sustaining livelihoods.

4.3 Adoption of Sustainable Farming
Practices

Participants ~ identified  several
sustainable agricultural practices they had
adopted to cope with the impacts of climate
change, aiming to enhance resilience and
maintain  productivity.  One  widely
implemented strategy was Integrated Pest
Management (IPM), with four participants
reporting a shift away from exclusive reliance
on chemical pesticides. They noted
improvements in crop health and a reduction
in pest outbreaks. As P2 shared, "Previously, I
relied only on chemical pesticides, but with
IPM, I learned to use natural predators for
pests. The results are much better." In
addition, three participants adopted organic
fertilizers, motivated by their affordability
and soil-enhancing properties. However,
some challenges were noted, as expressed by

P4: "Organic fertilizers are cheaper and make
the soil more fertile, but preparing them takes
a lot of time."

Efficient water management also
emerged as an essential practice, particularly
in the context of increasing water scarcity and
irregular rainfall. Two participants reported
using methods such as alternate wetting and
drying (AWD) or rotational irrigation to
conserve water. As P1 explained, "We use a
rotational system to irrigate the fields. This
way, water is saved." Furthermore, all
participants emphasized the importance of
using climate-resilient seed varieties to
maintain  yields  under increasingly
unpredictable conditions. These improved
seeds were seen as critical to minimizing crop
losses during droughts or floods. As P5 stated,
"Drought-resistant seeds are very helpful.
Without them, my harvest would have been
" Collectively, these practices
reflect a growing awareness and effort among
farmers to adapt to climate challenges

much worse.'

through  sustainable, locally = adapted
solutions.
4.4 Barriers to Adoption

Despite recognizing the advantages
of sustainable farming practices, participants
highlighted several significant barriers that
hindered full adoption. One of the most
pressing challenges was economic constraint,
particularly the limited financial capacity of
smallholder farmers to invest in new
technologies or alternative inputs. As P3
expressed, "Organic fertilizers and new
technologies are expensive. It's hard for small
farmers like us to afford them." The high
initial costs associated with sustainable
practices often outweighed the perceived
long-term benefits, especially for those
operating on narrow profit margins.

Another major barrier was the lack of
access to adequate knowledge and
institutional support. Participants repeatedly
emphasized the need for more training and
technical assistance to properly implement
sustainable methods. P4 noted, "There’s still a
lot of information we don’t understand. We
need more training from the government or

NGOs." Additionally, inconsistent
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government support and the absence of
sustained programs further limited the
effectiveness of these initiatives. As P2
explained, "Sometimes, government
assistance is available, but often it's late or
doesn’t meet our needs." These insights
underscore the importance of addressing
structural and educational gaps to enable
broader and more effective adoption of
sustainable agriculture in the face of climate

change.
DISCUSSION

The findings of this study are
consistent with previous research

highlighting the vulnerability of smallholder
farmers to climate change due to their heavy
reliance on natural resources (Morton, 2007).
Participants’” experiences emphasize the
urgent need for targeted interventions to
enhance adaptive capacity, particularly
through improved access to climate
information and early warning systems. The
adoption of sustainable agricultural practices
such as Integrated Pest Management (IPM)
and organic fertilizers has demonstrated
potential in mitigating climate risks while
supporting environmental sustainability.
These outcomes are in line with Kassam et al.
(2009), who highlighted those sustainable
practices offer dual benefits —improving both
productivity and ecological balance.

Despite the promising role of
sustainable agriculture, participants reported
several  barriers, including economic
limitations and insufficient access to technical
knowledge. These findings underscore the
importance of strong institutional support
and capacity-building initiatives to overcome
such challenges. Policy measures such as
subsidies or low-interest loans could ease the
financial burden of transitioning to
sustainable Additionally,
knowledge gaps could be addressed through
structured training and the development of
farmer-to-farmer learning networks, as
supported by Schut et al. (2016), who stressed
the role of extension services in promoting
sustainable agriculture. Engagement in local
farmer associations also played a critical role
in facilitating adoption, supporting Adger's

practices.

(2003) view that social capital and collective
networks are vital to building resilience in
rural communities.

Complementing  these  findings,
studies in other regions also reveal common
themes in adaptation and resilience. In
Indonesia, climate change has impacted both
livestock and crop productivity, prompting
strategies like improved feeding practices,
water management, and livestock
diversification [25]. Similar adaptation efforts
are evident in Nepal, though adoption is
constrained by economic and informational
barriers [26]. In Kenya, increased adaptive
capacity was shown to reduce vulnerability,
particularly in regions with high exposure to
climate stressors, pointing to the need for
targeted policy responses [27]. Across these
contexts, the role of social capital remains
prominent; initiatives like the SAF-BIN
project in South Asia have demonstrated the
success of farmer-led adaptive research in
reducing input costs and enhancing resilience
through collective action [28].

The results of this study align with
existing literature on sustainable agriculture
and resilience, while offering valuable
insights from the Indonesian context by
emphasizing the significance of grassroots-
level interventions tailored to local needs [24],
[29]. Unlike many studies that focus on large-
scale programs, this research underscores the
importance of community-based strategies in
addressing the specific challenges faced by
smallholder farmers. Localized efforts, such
as the adoption of high-yielding rice varieties
(HYV), have proven effective in reducing
greenhouse gas emissions and increasing
productivity, making them suitable for small-
scale agricultural systems [30]. In salinity-
stressed  coastal  areas,  regenerative
innovations like rhizomicrobiome
engineering and salt-tolerant rice varieties
have shown promise in boosting resilience
[31]. Furthermore, Climate-Smart Agriculture
(CSA) practices, including improved water
and crop management, are gradually being
adopted to combat climate variability,
although broader implementation remains a
challenge [24]. To overcome these barriers and
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scale effective practices, collaborative efforts
among  farmers, policymakers, and
researchers are essential [29], [31], supported
by national policies that encourage
sustainable technologies like HYV to reduce
emissions and secure long-term food systems

[30].

5. CONCLUSION

This study highlights the critical role
of sustainable agricultural practices in
enhancing the resilience of Indonesian rice
farmers to climate change. Farmers are
adapting to climatic challenges through the
implementation of practices
integrated pest management, the use of
organic fertilizers, and the adoption of
resilient seed varieties. These strategies have
shown positive impacts on productivity and

such as

hinder the broader adoption of these practices
across farming communities.

To overcome these challenges, policy
recommendations emphasize the need for
subsidies and financial incentives to ease the
economic burden on smallholder farmers, as
well as the provision of targeted training
programs to knowledge gaps.
Strengthening institutional frameworks is
essential to ensure reliable and continuous
support  for
Moreover, fostering social capital through
farmer associations can facilitate
collaboration, peer learning, and the diffusion
of best practices. By addressing these key
issues, policymakers and stakeholders can
better equip rice farmers to adapt to the
evolving climate landscape, thereby ensuring
the sustainability of agricultural livelihoods

address

sustainable  agriculture.

environmental  sustainability. = However, and long-term food security. This study
significant ~ barriers remain, including reinforces the importance of grassroots-level
economic constraints, limited access to interventions and lays the groundwork for
training and technical assistance, and future research on agricultural resilience in
inconsistent institutional support, which similar socio-ecological settings.
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