“ Annals of Social Sciences & g JU“'BSEHERS

Management Studies
ISSN: 2641-838X

J key to the Researchers

Research article
Volume 13 Issue 2 - June 2026
DOI: 10.19080/ASM.2026.13.555860

Ann Soc Sci Manage Stud

Copyright © All rights are reserved by Loso Judijanto

Agricultural Cooperatives As Climate
Adaptation Institutions In The Palm Oil Sector:
A Systematic Literature Review

Loso Judijanto*

IPOSS Jakarta, Indonesia

https://orcid.org/0009-0007-7766-0647

Submission: May 20, 2026; Published: June 01, 2026
*Corresponding author: Loso Judijanto, IPOSS Jakarta, Indonesia

ORCID: https://orcid.org/0009-0007-7766-0647

Abstract

Climate change increasingly influences agricultural productivity, livelihood stability, and institutional resilience within tropical smallholder
farming systems, including the palm oil sector. In response to growing environmental variability and sustainability-oriented governance
transitions, agricultural cooperatives have received increasing attention as institutional mechanisms supporting adaptive capacity among palm
oil smallholders. This study aims to provide a more comprehensive understanding of how agricultural cooperatives contribute to strengthening
adaptive capacity, livelihood resilience, sustainability governance, and institutional coordination within contemporary palm oil production
systems. The study employed a Systematic Literature Review (SLR) approach guided by the PRISMA framework using secondary data derived
exclusively from peer-reviewed scientific publications indexed in the Scopus database. Article selection was conducted through identification,
screening, eligibility assessment, and inclusion procedures, resulting in 39 eligible articles published between 2020 and 2026. Data were analyzed
using thematic synthesis to identify dominant institutional patterns related to cooperative-based climate adaptation. The findings reveal five
major themes, including climate adaptation knowledge dissemination, financial accessibility and livelihood resilience, collective action and social
capital formation, sustainability governance and certification support, and institutional constraints affecting adaptive effectiveness. Overall, the
reviewed literature indicates that agricultural cooperatives increasingly function as intermediary institutions supporting adaptive preparedness,
sustainability coordination, and production continuity among palm oil smallholders. Future studies are encouraged to explore comparative
regional institutional dynamics and digital cooperative adaptation systems within evolving agricultural sustainability frameworks.
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Introduction

In response to these pressures, adaptation strategies have
become an increasingly important component of agricultural
development policy, especially for smallholder-based farming
systems characterized by limited access to financial resources,

Climate change has increasingly become one of the most
significant challenges affecting global agricultural systems,
particularly in developing countries where rural livelihoods
remain highly dependent on climate-sensitive production

i technical information, and institutional support mechanisms [2].
Rising temperatures,

activities. changing rainfall patterns,

prolonged drought periods, flooding events, and ecological Within this broader context, institutional capacity has

variability have altered agricultural productivity dynamics
across multiple commodity sectors, including plantation-based
agriculture [1]. These changes not only influence production
stability but also affect rural income security, market continuity,
and long-term sustainability within agricultural communities.

emerged as a critical factor influencing the effectiveness of
climate adaptation at the local level. Existing studies indicate that
adaptive responses are often more effective when supported by
intermediary institutions capable of facilitating coordination,
knowledge dissemination, resource mobilization, and collective
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action among agricultural producers [3]. In many rural regions,
agricultural cooperatives have gradually expanded beyond their
traditional economic functions and increasingly operate as
multifunctional organizations that support technical assistance,
market integration, sustainability programs, and community
resilience initiatives. Cooperative institutions frequently provide
organizational structures that enable smallholders to access
agricultural training, financing schemes, shared infrastructure,
and collaborative adaptation mechanisms that would otherwise
remain difficult to achieve individually.

The growing relevance of agricultural cooperatives within
climate adaptation discussions is particularly important in the
palm oil sector, which remains one of the most economically
significant agricultural industries in tropical developing regions.
Palm oil contributes substantially to employment generation,
export revenues, rural economic development, and livelihood
support for millions of smallholder farmers across Southeast
Asia, Africa, and Latin America [4]. In countries such as Indonesia
and Malaysia, smallholders account for a considerable proportion
of oil palm cultivation areas and continue to play an increasingly
importantrole within global palm oil supply chains [5]. At the same
time, palm oil production systems are also exposed to climate-
related pressures, including irregular rainfall distribution, water
stress, changing pest dynamics, flooding events, and productivity
fluctuations associated with environmental variability. These
conditions have intensified the need for adaptive institutional
arrangements capable of supporting production continuity
and transitions

sustainability-oriented agricultural among

smallholder producers.

Recent literature has increasingly highlighted that climate
adaptation within the palm oil sector cannot rely solely on
technological interventions or individual farm-level responses.
Instead, adaptation processes frequently require collective
institutional involving farmer organizations,
cooperatives, extensionsystems, financial actors,and sustainability
governance frameworks. Agricultural cooperatives, in particular,
are often positioned as strategic intermediary institutions because
they facilitate collective bargaining, information sharing, farmer

coordination

inclusion, and organizational coordination across production
networks [6]. Through cooperative-based systems, smallholders
may gain improved access to adaptive farming practices,
replanting programs,
sustainability certification initiatives, and market stabilization
mechanisms. Several studies further indicate that cooperative
participation may contribute to strengthening rural resilience
by reducing transaction costs, improving access to agricultural
financing, and supporting diversified livelihood strategies within
climate-sensitive environments [7].

climate-related information services,

In parallel with the expansion of sustainability governance
within the global palm oil industry, cooperatives have also
become increasingly associated with certification compliance
and sustainability-oriented institutional transformation. Various
sustainability frameworks such as the Roundtable on Sustainable

Palm Oil (RSPO), Indonesian Sustainable Palm Oil (ISPO), and
Malaysian Sustainable Palm Oil (MSPO) have encouraged stronger
organizational coordination among smallholder producers,
particularly regarding traceability systems, environmental
management practices, and compliance monitoring. In many cases,
agricultural cooperatives facilitate group certification systems that
enable smallholders to collectively meet sustainability standards
while reducing administrative and financial burdens associated
with certification processes [8]. Consequently,
cooperative institutions are increasingly discussed not only
within rural economic development literature but also within
broader debates concerning sustainability governance, adaptive
agriculture, and climate resilience in plantation-based commodity

sectors.

individual

Despite the growing academic attention devoted to climate
adaptation and sustainability within the palm oil sector, the
existing body of literature remains relatively fragmented
across different disciplinary perspectives. Previous studies
have often examined agricultural cooperatives primarily from
economic, organizational, or rural development perspectives,
while climate adaptation research has frequently focused on
technical mitigation measures, environmental vulnerability, or
policy-oriented adaptation frameworks [9]. As a result, there
remains limited integrative synthesis specifically examining how
agricultural cooperatives function as institutional mechanisms
supporting climate adaptation among palm oil smallholders.
Existing findings are dispersed across multiple thematic areas,
including agricultural extension, financial resilience, sustainability
certification, farmer inclusion, collective action, and adaptive
governance, thereby creating the need for a more systematic
consolidation of evidence.

Furthermore, the rapid evolution of sustainability standards,
digital agricultural technologies, adaptive governance frameworks,
and climate-related agricultural policies over recent years
has generated a substantial increase in scholarly publications
related to institutional adaptation within agricultural commodity
systems [10]. However, despite this growing literature, relatively
few studies have systematically synthesized recent evidence
concerning the institutional role of cooperatives in facilitating
adaptive responses within palm oil-producing communities. A
structured review is therefore necessary to identify dominant
thematic trends, institutional patterns, recurring challenges,
and emerging research directions related to cooperative-based
climate adaptation within the palm oil sector. Such synthesis is
particularly important for improving conceptual understanding
regarding how cooperative institutions contribute to balancing
rural development objectives, sustainability coordination, and
adaptive agricultural transition processes within climate-sensitive
production environments.

Based on these considerations, this study applies a Systematic
Literature Review (SLR) approach to synthesize and critically
organize recent scientific evidence concerning the role of
agricultural cooperatives as climate adaptation institutions
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within the palm oil sector. The review focuses on identifying
major thematic patterns, institutional functions, adaptive
mechanisms, and operational challenges discussed across peer-
reviewed scientific literature related to palm oil smallholders
and cooperative-based adaptation systems. By systematically
consolidating findings from recent scholarly publications, this
study aims to provide a more comprehensive understanding
of how agricultural cooperatives contribute to strengthening
adaptive capacity, livelihood resilience, sustainability governance,
and institutional coordination within contemporary palm oil
production systems.

Accordingly, this study addresses two principal research
questions:

i RQ1: How do agricultural cooperatives function as
institutional mechanisms supporting climate adaptation among
palm oil smallholders?

ii. RQ2: What major institutional opportunities and
operational constraints influence the effectiveness of cooperative-
based adaptation systems within the palm oil sector?

Literature Review

The literature concerning climate adaptation, agricultural
cooperatives, and sustainability governance within the palm oil
sector has expanded significantly over recent years, reflecting
growing academic attention toward institutional responses to
environmental and agricultural challenges. Existing studies
increasingly emphasize that climate adaptation in smallholder
agricultural systems is influenced not only by technical
farming practices but also by organizational capacity, collective
coordination, financial accessibility, and sustainability-oriented
governance mechanisms. Within this context, agricultural
cooperatives are frequently positioned as intermediary rural
institutions capable of strengthening adaptive capacity, improving
farmer inclusion, and facilitating sustainability transition
processes among palm oil smallholders. Accordingly, this literature
review synthesizes major theoretical and empirical discussions
concerning climate adaptation in smallholder agriculture, the
institutional role of cooperatives, adaptive resilience in the palm
oil sector, sustainability governance frameworks, and the existing
research gaps related to cooperative-based climate adaptation
systems.

Climate Change and Agricultural Adaptation in
Smallholder Farming Systems

Climate change has become an increasingly important issue
within contemporary agricultural development due to its influence
on production stability, resource availability, and rural livelihood
security. Agricultural systems in tropical regions are particularly
exposed to climate-related pressures, including irregular rainfall
distribution, temperature variability, prolonged droughts, flooding
events, and shifts in pest and disease dynamics [11]. These

environmental changes directly affect farming productivity and
indirectly influence household income, food security, and market
stability within smallholder-based agricultural economies. As
a result, climate adaptation has gradually evolved into a central
component of agricultural policy, sustainability governance, and
rural institutional development across many developing countries
[12].

Within smallholder farming systems, adaptive capacity is
frequently influenced not only by environmental conditions
but also by institutional accessibility, organizational support,
and resource coordination mechanisms. Existing literature
consistently demonstrates that with  stronger
institutional connections generally exhibit higher adaptive
preparedness than producers operating independently [13].

farmers

Adaptive agricultural practices such as soil conservation, water
management, crop diversification, integrated pest management,
and climate-responsive land-use planning often require access
to extension services, financial resources, technical information,
and collaborative learning systems. Consequently, institutional
arrangements capable of facilitating these processes increasingly
receive attention within climate adaptation research.

Several studies further emphasize that climate adaptation in
agriculture cannot be understood solely as a technical adjustment
process. Instead, adaptation is increasingly recognized as a
multidimensional institutional process involving governance
structures, social coordination, financial systems, and collective
[14]. In this intermediary
such as agricultural

learning mechanisms context,

organizations cooperatives, farmer
associations, and rural producer groups are often viewed as
important institutional actors supporting adaptive transitions

among smallholder communities.

Agricultural Cooperatives as Rural Institutional
Mechanisms
Agricultural cooperatives have historically functioned

as economic organizations designed to strengthen farmer
bargaining power, reduce market inefficiencies, and improve
access to agricultural inputs and commercial networks [15].
However, recent literature suggests that cooperative institutions
increasingly perform broader developmental and institutional
roles extending beyond traditional economic coordination. In
many rural regions, cooperatives now facilitate technical extension
services, sustainability programs, rural financing initiatives,
and collective resource management systems that contribute to
strengthening agricultural resilience.

The institutional structure of cooperatives enables
smallholders to engage collectively in activities that are often
difficult to implement individually due to financial, technical,
or organizational limitations. Several studies indicate that
cooperative participation

information, collective

improves access to agricultural

marketing systems, farm inputs,
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transportation infrastructure, and policy-related programs [16].
Through coordinated organizational systems, cooperatives may
also reduce transaction costs and increase negotiating capacity
within agricultural supply chains, thereby contributing to greater
economic stability among smallholder producers.

In addition to their economic role, agricultural cooperatives
are increasingly associated with social capital formation and
collective action processes. Existing studies demonstrate that
cooperative participation strengthens trust-building, peer
learning, information exchange, and collaborative problem-solving
within rural farming communities [17]. Such organizational
characteristics are particularly important in climate-sensitive
agricultural environments where adaptive responses frequently
depend on coordinated action, local knowledge sharing, and
institutional cooperation among producers.

Theliterature further suggests that cooperatives often function
as intermediary institutions connecting farmers with external
stakeholders, including governments, financial institutions,
sustainability  agencies,
and private-sector actors. This intermediary role becomes
increasingly important within agricultural sectors experiencing
rapid transformation related to sustainability governance, climate
adaptation policy, and global market integration.

non-governmental  organizations,

Climate Adaptation and Institutional Resilience in the
Palm Oil Sector

The palm oil sector represents one of the most economically
significant agricultural industries in tropical developing regions,
particularly in Southeast Asia. Palm oil contributes substantially
to export revenues, employment generation, rural economic
development, and livelihood support for millions of smallholder
farmers. In countries such as Indonesia and Malaysia, smallholders
manage a considerable share of cultivated oil palm areas and
play an increasingly important role within global palm oil supply
chains [18]. As a result, adaptive resilience within smallholder
palm oil systems has become an important concern within
both agricultural development and sustainability governance
discussions.

Climate-related pressures affecting palm oil production
include rainfall irregularities, water stress, flooding events, soil
degradation, and fluctuations in productivity associated with
environmental variability [19]. Several studies indicate that
climate instability may influence harvesting cycles, fertilizer
efficiency, pest incidence, and long-term plantation productivity,
particularly among smallholders with limited institutional support
systems. Consequently, adaptation within palm oil production
systems increasingly requires coordinated institutional responses
capable of supporting technical guidance, resource accessibility,
and production continuity.

Recent literature emphasizes that adaptation in the palm oil
sector involves more than farm-level technological interventions.
Instead, adaptive processes are increasingly shaped by
institutional coordination, collective
sustainability initiatives, and market-oriented organizational
structures [20]. Agricultural cooperatives are therefore frequently
discussed as strategic institutional actors because they facilitate

governance systems,

communication between smallholders and broader governance
systems related to agricultural extension, sustainability standards,
and adaptive resource management.

Several studies also highlight that cooperative institutions
may strengthen resilience within palm oil smallholder systems
by improving access to collective financing, replanting support,
adaptive farming information, sustainability-oriented
training programs [21]. In regions where government extension
services remain uneven, cooperatives often function as localized
coordination centers, facilitating technical assistance and farmer
learning activities. Through these mechanisms, cooperative
contribute  to

and

organizations increasingly strengthening

institutional resilience within climate-sensitive plantation

economies.

Sustainability Governance and Cooperative-Based
Coordination

The expansion of sustainability governance within the global
palm oil industry has increased the importance of institutional
coordination among smallholder producers. Sustainability
standards such as the Roundtable on Sustainable Palm Oil (RSPO),
Indonesian Sustainable Palm Oil (ISPO), and Malaysian Sustainable
Palm Oil (MSPO) have introduced growing requirements
concerning traceability systems, environmental management
practices, and compliance monitoring mechanisms [22]. For many
independent smallholders, meeting these standards individually
may be financially and administratively challenging, particularly
in regions characterized by limited technical support and
fragmented production systems.

Within this context, agricultural cooperatives increasingly
function as supporting collective
compliance processes and sustainability-oriented organizational
transformation. Existing studies demonstrate that cooperative-
based systems reduce auditing costs,
simplify administrative procedures, and improve access to
sustainability training programs among smallholders [23].
Cooperative group
certification mechanisms enabling farmers to collectively engage
with sustainability frameworks while sharing operational
responsibilities and institutional resources.

institutional facilitators

certification may

organizations frequently coordinate

The literature additionally indicates that sustainability-
oriented cooperative initiatives often contribute to improved

How to cite this article: Loso J. Agricultural Cooperatives As Climate Adaptation Institutions In The Palm QOil Sector: A Systematic Literature Review. Ann
Soc Sci Manage Stud. 2026; 13(2): 5655860. DOI: 10.19080/ASM.2026.13.555860


http://dx.doi.org/10.19080/ASM.2026.13.555860

Annals of Social Sciences & Management Studies

environmental management practices within oil palm production
systems. Several studies report increasing adoption of soil
conservation measures, responsible fertilizer application, biomass
recycling, and water management practices among cooperative-
affiliated producers participating in sustainability programs
[24]. These findings suggest that cooperative institutions may
support the integration of sustainability objectives with rural
development priorities and adaptive agricultural strategies within
contemporary palm oil systems.

Importantly, recent academic discussions

approach the palm oil sector from a balanced institutional
perspective that recognizes both the economic significance of

increasingly

the industry and the growing transition toward sustainability-
oriented governance frameworks [25]. Rather than focusing
exclusively on environmental criticism, many studies emphasize
the importance of improving coordination,
strengthening smallholder inclusion, and supporting adaptive
governance mechanisms capable of maintaining production
continuity alongside sustainability improvement efforts.

institutional

Research Gap and Conceptual Direction of the Study

Although the literature concerning climate adaptation,
agricultural cooperatives, and palm oil sustainability has expanded
considerably in recent years, the existing body of research remains
fragmented across multiple disciplinary perspectives. Previous
studies have commonly examined agricultural cooperatives from
economic, organizational, or rural development perspectives,
while climate adaptation research has often concentrated
on environmental vulnerability, technological adaptation, or
agricultural policy frameworks. Similarly, sustainability-related
palm oil studies frequently focus on certification systems, land
governance, or supply-chain management without specifically
synthesizing the institutional role of cooperatives in supporting
climate adaptation among smallholders.

As a result, there remains a limited integrative understanding
concerning how agricultural cooperatives function simultaneously
as economic organizations, adaptive governance mechanisms,
and institutional support systems within climate-sensitive
palm oil production environments. Existing evidence related to
cooperative-based adaptation is dispersed across themes such
as agricultural extension, social capital formation, sustainability
governance, livelihood resilience, and institutional coordination.
Consequently, a systematic synthesis of recent scholarly evidence
is necessary to consolidate current knowledge, identify dominant
thematic patterns, and clarify the institutional contributions of
cooperatives within adaptive palm oil smallholder systems.

This study, therefore, positions agricultural cooperatives as
institutional adaptation mechanisms operating within broader
sustainability and rural development transitions in the palm oil
sector. Through a Systematic Literature Review (SLR) approach,
the study synthesizes recent scientific evidence concerning

the adaptive, organizational, and governance-related functions
of cooperatives within climate-sensitive palm oil production
systems.

Methodology

Adopting the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) framework, this study
employs a Systematic Literature Review (SLR) approach to
develop a transparent, structured, and reproducible synthesis
of scientific evidence concerning the role of agricultural
cooperatives as climate adaptation institutions within the palm
oil sector. The review process is specifically designed to identify,
evaluate, and synthesize peer-reviewed studies addressing
institutional adaptation mechanisms, resilience,
cooperative governance, sustainability practices, and smallholder
support systems associated with climate-related challenges in
oil palm production landscapes. The entire review procedure
follows a systematic sequence consisting of identification,
screening, eligibility assessment, and final inclusion, each guided
by predefined criteria including database selection, keyword
formulation, publication timeframe, thematic relevance, and
accessibility status. This study relies exclusively on secondary
data derived from published scientific literature and does not

collective

involve primary data collection methods such as interviews, focus
group discussions (FGD), surveys, or field observations, thereby
ensuring methodological consistency with established SLR
principles and maintaining analytical rigor throughout the review
process.

Figure 1illustratesthe PRISMA-guided article selection process
undertakeninthisstudy,demonstratingthe systematicprogression
from the initial identification stage to the final inclusion of eligible
studies. The literature search was conducted using the Scopus
database due to its extensive coverage of internationally indexed
and peer-reviewed scientific publications across sustainability,
agricultural development, climate adaptation, and institutional
governance research domains. During the identification phase, the
initial keyword combination “cooperatives” AND “climate change”
generated 2,537 records, reflecting the broad interdisciplinary
scope of cooperative-related climate studies. To improve thematic
precision and strengthen the relevance of the retrieved literature
to the objectives of this review, a more refined Boolean search
strategy was subsequently implemented using the following
query: (“agricultural cooperatives” OR cooperatives OR “farmer
organizations” OR institutions OR organizations) AND (“climate
adaptation” OR “climate change adaptation” OR adaptation OR
resilience OR sustainability) AND (“palm oil” OR “oil palm” OR
“palm oil industry” OR “oil palm sector”) AND (smallholders OR
“smallholder farmers”). Through this refinement process, 2,468
articles were excluded because they did not align sufficiently with
the specific focus of climate adaptation institutions within the
palm oil smallholder context, resulting in 69 records advancing to
the screening stage.
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Figure 1: Overview of the PRISMA-Guided Systematic Literature Review Workflow.
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To ensure the inclusion of recent and contextually relevant
scientific discussions, the screening process was further refined
by restricting the publication period to studies published
between 2020 and 2026. This temporal limitation resulted in the
exclusion of 19 articles that fell outside the defined timeframe,
leaving 50 studies eligible for further evaluation. Subsequently,
an accessibility filter was applied by limiting the dataset to
publications categorized as open access or open archive to ensure
full-text availability, analytical transparency, and consistency
throughout the review process. At this stage, 11 articles were
excluded because they were not accessible through open-access
or open-archive channels. Following the completion of all
eligibility and selection procedures, a final dataset consisting of
39 peer-reviewed articles satisfied all inclusion criteria and was

selected for qualitative synthesis and thematic interpretation. All
selected references were systematically organized and managed
using Mendeley Desktop to maintain citation consistency,
traceability, and bibliographic accuracy throughout the study. The
structured selection pathway presented in the PRISMA diagram
demonstrates amethodologically coherentand transparentreview
process, thereby strengthening the reliability, reproducibility, and
analytical depth of the synthesis concerning the institutional role
of agricultural cooperatives in supporting climate adaptation
within the palm oil sector.

Results

The systematic literature review conducted in this study
analyzed 39 peer-reviewed articles published between 2020 and
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2026 that fulfilled the inclusion criteria established through the
PRISMA-guided selection process. The reviewed literature reflects
diverse institutional, geographical, and sustainability-oriented
perspectives concerning the role of agricultural cooperatives
in supporting climate adaptation within palm oil smallholder
systems. Through thematic synthesis, five major themes emerged,
reflecting interconnected but analytically distinct dimensions
of cooperative-based adaptation systems: (1) cooperatives
as platforms for climate adaptation knowledge and technical
support, (2) cooperatives as facilitators of financial access and
livelihood resilience, (3) collective action and social capital in
climate resilience, (4) sustainability governance and certification
support, and (5) institutional and operational constraints affecting
adaptive capacity.

The distribution of themes across the 39 reviewed studies
was as follows: cooperatives as platforms for climate adaptation
knowledge and technical support appeared in 31 studies (79.5%),
collective action and social capital in climate resilience in 28
studies (71.8%), financial access and livelihood resilience in 27
studies (69.2%), sustainability governance and -certification
support in 26 studies (66.7%), and institutional and operational
constraints affecting adaptive capacity in 24 studies (61.5%).

The predominance of themes related to technical support
and adaptive knowledge dissemination underscores the growing
recognition that climate adaptation among palm oil smallholders
depends institutional accessibility,
systems, and organizational coordination. Similarly, the strong

strongly on extension
representation of collective action and livelihood resilience themes
indicates that adaptation within palm oil production systems
is increasingly understood not only as a technical process, but
also as an economic and social coordination challenge requiring
collaborative institutional mechanisms. Meanwhile, sustainability
governance and certification themes highlight the expanding
role of cooperatives in facilitating smallholder inclusion within
evolving sustainability-oriented governance frameworks such as
RSPO, ISPO, and MSPO. Although institutional and operational
constraints appear less dominant, their substantial presence
across the reviewed studies suggests that managerial capacity,
infrastructure quality, and policy coordination remain important
factors influencing the effectiveness of cooperative-based
adaptation systems.

Collectively, these thematic patterns indicate that the current
body of literature increasingly conceptualizes agricultural
cooperatives as multifunctional institutions operating across
technical, economic, social, and governance dimensions within
climate-sensitive palm oil production environments. Each theme
is elaborated below through expanded quantitative and qualitative
synthesis of the reviewed studies.

Cooperatives as Platforms for Climate Adaptation
Knowledge and Technical Support

One of the most prominent findings identified in the reviewed

007

literature concerns the role of agricultural cooperatives in
facilitating climate adaptation knowledge dissemination and
technical agricultural assistance among palm oil smallholders.
Approximately 31 out of the 39 reviewed studies reported that
cooperative participation improved farmer access to extension
services, adaptive farming information, technical workshops,
and sustainability-related training programs, particularly in rural
areas with limited government extension coverage [26]. Several
studies conducted in Indonesia and Malaysia reported that
cooperative-supported training participation rates ranged from
48% to 76%, while participation among non-member farmers
generally remained below 40% [27].

The reviewed studies indicate that cooperative-led training
activities commonly focused on adaptive fertilizer management,
soil conservation, integrated pest management, drainage
maintenance, water retention systems, and climate-responsive
harvesting practices [28] Multiple studies further documented
that cooperative-affiliated demonstrated higher
adoption rates of adaptive agricultural practices compared with
independent smallholders, with adoption increases ranging from
20% to 35% for soil conservation measures, organic compost
application, and erosion control practices [29]. In several oil
palm-producing districts, cooperative-based technical support
programs were associated with fertilizer efficiency improvements
of approximately 15%-22%, contributing to lower input losses
and more stable production management [30].

farmers

Several studies also identified measurable productivity-
related outcomes linked to cooperative-supported adaptation
programs. In Southeast Asian oil palm regions, fresh fruit bunch
(FFB) productivity among cooperative-supported farmers
increased between 12% and 28% following participation in
climate-responsive agronomic programs implemented over
multi-year periods [31]. Some studies additionally reported lower
seasonal production fluctuations among cooperative members
during periods of irregular rainfall and moderate drought
stress [32]. Recent studies published between 2022 and 2025
further documented increasing use of digital advisory systems
coordinated through cooperatives, including mobile weather
alerts, online farmer communication groups, and digital extension
platforms [33]. In certain regions, these systems accelerated
the dissemination of climate-related farming information by
approximately 30% compared with conventional extension
mechanisms.

Cooperatives as Facilitators of Financial Access and
Livelihood Resilience

Another major theme emerging from the reviewed studies
concerns the contribution of agricultural cooperatives to
improving financial accessibility and strengthening livelihood
resilience among oil palm smallholders exposed to climate-related
economic pressures. Approximately 27 studies emphasized that
changing rainfall patterns, fluctuating yields, and increasing
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agricultural input costs frequently create financial vulnerability
among independent producers with limited institutional support.
Within this context, cooperatives were repeatedly identified as
institutional channels facilitating access to agricultural financing,
subsidized inputs, collective savings schemes, and replanting
support programs [34].

Several studies conducted in Indonesia and Malaysia reported
that cooperative-affiliated farmers were between 1.5 and 3 times
more likely to obtain formal agricultural credit or adaptation-
related financing compared with non-member farmers [35]. In
some cases, cooperative-managed revolving funds supported
investments in drainage rehabilitation, seed replacement,
fertilizer procurement, and climate-responsive farm maintenance
[36]. Additional studies highlighted that cooperative participation
reduced transaction costs associated with agricultural input
purchasing and market access coordination [37].

The reviewed literature also indicates that cooperatives
contribute to improving market bargaining capacity within palm
oil supply chains. Studies from Indonesia, Thailand, Colombia,
and Nigeria found that collective marketing systems coordinated
through cooperatives enabled smallholders to obtain fresh fruit
bunch prices approximately 8%-20% higher than prices received
through fragmented individual sales arrangements [38]. Some
studies further observed transportation cost reductions of
approximately 10%-15% due to cooperative-managed logistics
coordination and shared transportation systems [39].

Livelihood diversification emerged as another important
adaptive mechanism identified across the reviewed studies.
Cooperative-supported  programs involving agroforestry,
intercropping systems, livestock integration, and community-
based processing activities contributed to reducing dependence
on single-source income systems [40]. In several rural smallholder
communities, diversified livelihood activities accounted for
approximately 18%-35% of total household income during
periods of climate-related production instability [41]. These
findings indicate that cooperative institutions contribute not
only to financial coordination but also to broader livelihood
stabilization within climate-sensitive agricultural environments.

Collective Action and Social Capital in Climate Resilience

The reviewed literature consistently identifies collective
action and social capital formation as important institutional
dimensions supporting climate adaptation within palm oil-
producing communities. Approximately 28 studies emphasized
that cooperative institutions facilitate farmer coordination,
trust-building, collective decision-making, and shared resource
mobilization processes that strengthen adaptive capacity at
the local level [42]. Cooperative-based organizational systems
were frequently described as enabling collaborative adaptation
strategies that would be difficult to implement through isolated
individual farming systems.

008

Several studies reported that cooperative participation
strengthened farmer-to-farmer learning networks and accelerated
the dissemination of adaptation-related agricultural practices.
Peer-learning systems organized through cooperatives facilitated
practical knowledge exchange concerning flood mitigation,
drainage maintenance, soil rehabilitation, and pest monitoring
systems [43]. In multiple Southeast Asian case studies, farmers
actively involved in cooperative activities demonstrated adaptive
preparedness scores approximately 15%-25% higher than those
recorded among non-member farmers [44].

The literature also highlights the contribution of cooperatives
to shared infrastructure development and collective resource
coordination. In several Indonesian and Malaysian palm oil-
producing cooperatives
transportation systems, harvesting equipment sharing, drainage
maintenance activities, and small-scale irrigation programs
[45]. Studies conducted in remote production areas found that
cooperative-based infrastructure coordination reduced harvest
delays during high rainfall periods by approximately 12%-18%
while improving transportation efficiency and harvest consistency
[46].

regions, coordinated communal

Another recurring finding concerns the role of cooperatives
in strengthening institutional inclusion among independent
smallholders. Several reviewed studies observed that cooperative
participation increased farmer involvement in sustainability
initiatives, and agricultural policy
coordination programs [47]. In some documented cases, more
than 70% of farmers participating in cooperative-supported
sustainability initiatives previously lacked formal institutional
representation within broader palm oil governance systems [48].
These findings indicate that cooperative institutions contribute
significantly to improving organizational inclusion and adaptive
coordination among rural palm oil smallholders.

certification activities,

Sustainability Governance and Certification Support

The systematic review further revealed that agricultural
cooperatives increasingly function as intermediary institutions
supporting sustainability governance and certification compliance
within the palm oil sector. More than two-thirds of the reviewed
studies cooperative in facilitating
compliance with sustainability standards such as RSPO, ISPO, and
MSPO among smallholder producers [49]. Cooperative-supported
certification mechanisms were frequently described as reducing
administrative complexity and lowering compliance costs for
smallholder farmers.

discussed involvement

Several studies documented that cooperative-supported
certification programs improved farmer access to sustainability
training, traceability systems, internal audits, and compliance
monitoring mechanisms [50]. In Indonesia and Malaysia,
cooperatives commonly coordinated group certification systems
enabling farmers to share auditing expenses and administrative
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costs associated with sustainability compliance [51]. Some studies
estimated that cooperative-based certification systems reduced
compliance expenditures by approximately 20%-40% compared
with individually managed certification processes [52].

The reviewed literature additionally reported improvements
in environmentally responsible farm management practices
associated with cooperative-supported sustainability initiatives.
Several studies observed increased adoption of soil conservation
measures, riparian buffer protection, responsible fertilizer
application, and biomass recycling among cooperative-affiliated
farmers participatinginsustainability programs [53]. Other studies
identified reductions in unmanaged agricultural waste disposal
and gradual improvements in compliance with sustainability-
oriented agricultural guidelines following cooperative-supported
interventions [54].

Importantly, the reviewed studies generally approached
sustainability transition within the palm oil sector from a
balanced and institution-oriented perspective, emphasizing
adaptive governance improvements, smallholder inclusion, and
sustainability coordination rather than framing the industry
exclusively through environmental criticism [55]. The literature
consistently suggests that cooperatives increasingly function
as practical institutional bridges connecting smallholders with
evolving sustainability governance systems within the broader
palm oil economy:.

Institutional and Operational Constraints Affecting
Adaptive Capacity

Despite the generally positive institutional contributions
identified across the reviewed literature, several studies also
documented structural and operational constraints affecting
cooperative effectiveness in supporting climate adaptation.
Approximately 24 studies reported that financial limitations,
managerial disparities, infrastructure gaps, and inconsistent
institutional coordination continue to influence adaptive
outcomes across different cooperative systems [56].

Several studies highlighted substantial differences between
well-established cooperatives with strong organizational
structures and smaller institutions operating with limited
administrative capacity. In some rural production regions, staffing
shortages, weak financial management systems, and limited
technical expertise reduced continuity of extension programs
and adaptation-support services [57]. Studies conducted across
Southeast Asia additionally reported that leadership quality,
governance transparency, and member participation levels
significantly influenced institutional performance and adaptation
effectiveness [58].

Infrastructure-related limitations also emerged as recurring

constraints within the reviewed studies. Several articles

reported that inadequate transportation access, inconsistent

digital connectivity, and limited processing facilities constrained
implementation of adaptation programs in geographically
remote palm oil-producing areas [59]. In some regions, poor road
conditions increased transportation delays during high rainfall
seasons by more than 15%, affecting harvest quality and marketing
efficiency [60]. Other studies identified uneven internet access as
a limiting factor for the implementation of digital extension and
climate information dissemination systems coordinated through
cooperatives [61].

The literature additionally identified coordination challenges

involving  cooperatives, agencies, financial
institutions, and private-sector actors. Several studies reported
that overlapping administrative procedures and inconsistent
policy implementation occasionally delayed sustainability
program execution and adaptation funding distribution [62,63].
Nevertheless, despite these operational constraints, the majority
of reviewed studies concluded that agricultural cooperatives
continue to represent important institutional mechanisms
supporting climate adaptation, sustainability coordination, and

collective resilience within palm oil smallholder systems [64].

government

Overall, the findings synthesized through this systematic
literature indicate that cooperatives
increasingly contribute to strengthening adaptive preparedness,

review agricultural

improving livelihood resilience, facilitating sustainability
governance, and supporting institutional coordination within
climate-sensitive palm oil production systems. Although adaptive
outcomes vary across regional and organizational contexts,
the reviewed literature consistently demonstrates the growing
institutional significance of cooperative-based approaches within
contemporary palm oil smallholder adaptation strategies.

Discussion

The synthesis of 39 peer-reviewed studies provides a
comprehensive basis for addressing the research questions
formulated in this Systematic Literature Review concerning the
institutional role of agricultural cooperatives in supporting climate
adaptation within the palm oil sector. By integrating evidence
across studies focusing on rural institutions, sustainability
governance, adaptive agriculture, resilience,
and cooperative development, the discussion highlights how
agricultural cooperatives increasingly operate as intermediary
institutional mechanisms connecting palm oil smallholders
with adaptive resources, organizational coordination,
sustainability-oriented governance systems. The interpretation
presented in this discussion is derived exclusively from secondary
data obtained through peer-reviewed scientific publications,

smallholder

and

ensuring methodological consistency with the principles of a
Systematic Literature Review without involving primary data
collection approaches such as interviews, focus group discussions,
or field observations.
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Cooperatives as Institutional Mechanisms Supporting
Climate Adaptation Among Palm Oil Smallholders
(Addressing RQ1)

The reviewed literature consistently demonstrates that
agricultural cooperatives function as institutional mechanisms
supporting climate adaptation interconnected
organizational, economic, technical, and governance-related
functions within palm oil smallholder systems. Rather than
operating solely as commercial farmer associations, cooperatives
increasingly perform broader adaptive roles that facilitate
knowledge dissemination,
accessibility, and sustainability transition processes among rural

producers.

through

collective coordination, financial

One of the most prominent institutional functions identified
across the reviewed studies concerns the role of cooperatives
in strengthening adaptive knowledge systems. The literature
indicates that climate adaptation within palm oil production
environments depends heavily on farmer access to technical
information related to rainfall variability, soil management,
fertilizer efficiency, drainage maintenance, pest control,
and climate-responsive plantation practices [65]. In many
rural production regions, particularly among independent
smallholders, direct access to government extension services
remains uneven. Within this context, cooperatives frequently
emerge as localized institutional platforms facilitating technical
training, peer-learning activities, demonstration programs, and
information-sharing mechanisms.

The reviewed studies further suggest that cooperative-based
learning systems improve adaptive responsiveness because they
combine formal technical guidance with locally embedded social
interaction processes. Unlike isolated extension approaches
that rely exclusively on top-down communication, cooperative
organizations enable continuous farmer-to-farmer learning and
collective problem-solving related to environmental uncertainty.
Adaptive practices such as water retention management, soil
conservation, organic fertilizer utilization, and integrated pest
management were often reported to diffuse more effectively
within communities characterized by stronger cooperative
interaction and institutional participation [66]. These findings
indicate that agricultural adaptation within palm oil smallholder
systems is influenced not only by technological availability but
also by the organizational capacity of rural institutions to facilitate
social learning and collaborative adaptation processes.

Another important mechanism identified throughout
the reviewed literature involves the economic and financial
functions of cooperatives in strengthening adaptive capacity
among smallholders exposed to climate-related production
instability. Climate variability frequently increases production
risks through fluctuating yields, changing harvesting cycles, rising
input costs, and temporary income disruptions [67]. Under such

conditions, smallholders operating individually often face greater

financial vulnerability due to limited access to agricultural credit,
replanting support, and investment capital. The reviewed studies
consistently indicate that cooperative participation improves
financial accessibility by facilitating collective savings systems,
subsidized input programs, agricultural financing schemes, and
replanting coordination initiatives.

Importantly, the adaptive significance of these financial
functions extends beyond income support alone. Several studies
suggest that improved access to financing enables farmers to
maintain plantation management practices during periods of
climatic uncertainty and to adopt adaptive investments such
as drainage rehabilitation, soil improvement, infrastructure
maintenance, and productivity-enhancing technologies [68].
Cooperative-supported collective purchasing systems additionally
reduce transaction costs associated with fertilizers, seedlings,
transportation, equipment, thereby improving
operational efficiency among smallholder producers [69]. In
this regard, cooperatives contribute to adaptive resilience not
merely by increasing income opportunities but by stabilizing the
institutional and economic conditions necessary for sustaining

and farm

long-term agricultural adaptation.

The literature also highlights the role of agricultural
cooperatives in strengthening collective action and social capital
formation within climate-sensitive palm oil production systems.
Climate adaptation frequently requires coordinated responses that
exceed the capacity of individual farmers acting independently,
particularly in relation to shared infrastructure management,
drainage systems, transportation access, and environmental
monitoring activities [70]. Cooperative organizations facilitate
these processes by creating institutional structures that support
collective decision-making, trust-building, and coordinated
resource mobilization among rural producers.

Several reviewed studies indicate that cooperative
participation contributes to stronger institutional inclusion
among smallholders who otherwise face limited representation
within broader agricultural governance systems [71]. Through
organizational participation, smallholders gain greater access
to sustainability programs, adaptive planning initiatives,
market coordination systems, and policy-related agricultural
networks. This institutional inclusion is particularly important
within the palm oil sector, where independent smallholders
frequently operate within fragmented production environments
characterized by unequal access to information and organizational
support. Consequently, cooperatives increasingly function not
only as economic organizations but also as social coordination

mechanisms supporting adaptive governance at the local level.

The findings synthesized in this review further demonstrate
that agricultural cooperatives increasingly operate as
intermediary institutions within sustainability governance
frameworks associated with the palm oil sector. Over recent years,
sustainability standards such as RSPO, ISPO, and MSPO have
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increased the importance of organizational coordination related
to traceability systems, environmental management practices,
and certification compliance [72]. For many smallholders,
particularly independent producers, compliance with these
governance requirements may be administratively and financially
difficult when pursued individually. Within this context,
cooperatives frequently facilitate group certification systems,
collective auditing procedures, sustainability training activities,
and compliance coordination processes that reduce institutional
barriers to participation.

The reviewed studies additionally indicate that sustainability-
oriented cooperative programs often support the adoption of
environmentally responsible agricultural practices, including soil
conservation measures, controlled fertilizer application, biomass
recycling, and riparian management systems [73]. Importantly, the
literature generally approaches these sustainability transitions
from a balanced institutional perspective emphasizing gradual
governance improvement, adaptive coordination, and smallholder
inclusion rather than positioning the palm oil sector exclusively
through environmental criticism. This suggests that cooperative
institutions increasingly contribute to aligning sustainability
objectives with production continuity and rural development
priorities within contemporary palm oil systems.

Recent literature also reveals the growing role of digitalization
within cooperative-based adaptation systems. Several studies
published between 2022 and 2025 reported increasing use
of mobile communication systems, digital advisory platforms,
online extension networks, and cooperative-managed weather
information dissemination supporting adaptive agricultural
decision-making [74]. Although implementation remains uneven
across regions, these developments indicate that institutional
modernization may strengthen cooperative capacity to facilitate
faster information exchange and climate-responsive agricultural
coordination among smallholders. The integration of digital
systems within cooperative structures, therefore, represents
an emerging dimension of adaptive governance within climate-
sensitive agricultural environments.

Institutional Opportunities and Operational
Constraints Influencing Cooperative-Based Adaptation
Systems (Addressing RQ2)

The reviewed literature identifies several institutional
opportunities that may strengthen the effectiveness of
cooperative-based adaptation systems within the palm oil sector.
One of the most significant opportunities concerns the increasing
integration between sustainability governance frameworks
and cooperative organizational structures. As sustainability
standards continue to expand across global palm oil supply
chains, cooperatives possess strategic institutional potential
to function as coordination platforms connecting smallholders

with sustainability certification systems, adaptive agricultural

programs, and environmentally oriented market networks [75].

This institutional positioning creates opportunities for
improving smallholder inclusion within broader sustainability
transitions while maintaining production continuity and rural
economic participation [76]. Several reviewed studies indicate
that cooperative-based governance systems facilitate access to
sustainability training, adaptive farm management practices,
traceability mechanisms, and certification support programs that
may otherwise remain inaccessible to fragmented independent
producers. Consequently, cooperatives increasingly represent
practical institutional bridges linking local farming communities
with evolving sustainability-oriented governance systems within
the global palm oil sector.

Another important opportunity identified across the literature
involves the expansion of collaborative governance models
involving governments, cooperatives, private-sector actors, and
financial institutions. Climate adaptation within agricultural
systems often requires coordination across multiple institutional
levels rather than isolated farmer-based interventions. The
reviewed studies suggest that cooperative organizations are
particularly well positioned to facilitate this coordination because
they operate simultaneously within local community structures
and broader agricultural governance networks [77]. Through this
intermediary role, cooperatives may improve the implementation
efficiency of adaptation-related programs while strengthening
communication between smallholders and external stakeholders.

The literature also demonstrates significant opportunities
associated with digital transformation and technological
integration within cooperative systems. Increasing use of
digital advisory services, online extension systems, remote
climate monitoring, and mobile communication platforms may
improve adaptive responsiveness among palm oil smallholders
by accelerating the dissemination of technical information and
strengtheninginstitutional coordination.Inregionswithimproving
digital infrastructure, cooperative-managed information systems
increasingly support real-time communication related to rainfall
variability, harvesting schedules, pest outbreaks, and adaptive
farm management decisions [78]. These developments suggest
that technological modernization may strengthen the institutional
relevance of cooperatives within future climate adaptation
strategies.

Despite these institutional opportunities, the reviewed
literature also highlights operational
influencing the effectiveness of cooperative-based adaptation
systems. One recurring challenge concerns disparities in
organizational capacity among cooperatives operating across
different regional Well-established cooperatives
with managerial
and financial resources generally demonstrate more effective
adaptation performance than smaller organizations with

several constraints

contexts.

stronger governance systems, expertise,
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limited administrative capacity [79]. Several studies reported
that inadequate financial management, leadership
structures, limited technical expertise, and inconsistent member
participation reduced the continuity of extension activities and
adaptive support programs in certain rural regions.

weak

Infrastructure-related limitations also emerged as significant
operational constraints within many palm oil-producing areas.
In geographically remote regions, inadequate transportation
systems, poor road conditions, inconsistent internet connectivity,
and limited processing infrastructure frequently constrain
adaptation program implementation and market coordination
efficiency [80]. These infrastructural barriers may also reduce the
effectiveness of digital extension systems and climate information
dissemination increasingly integrated cooperative
adaptation strategies. Consequently, adaptive effectiveness within
cooperative systems remains strongly influenced by broader rural
development conditions and infrastructural accessibility.

into

Another major constraint identified throughout the reviewed
literature concerns uneven policy coordination and institutional
fragmentation. Several studies observed that overlapping
administrative procedures, inconsistent implementation of
adaptation programs, and fragmented responsibilities among
government agencies occasionally reduced institutional efficiency
and delayed the distribution of technical or financial assistance.
In some contexts, cooperative organizations faced difficulties
navigating complex sustainability compliance systems while
simultaneously responding to local operational challenges
among smallholder communities [81]. These findings indicate
that the effectiveness of cooperative-based adaptation systems
depends not only on internal organizational quality but also on
the coherence of broader governance environments supporting
agricultural adaptation.

Overall, the findings synthesized through this review
demonstrate that agricultural cooperatives increasingly represent
important adaptive institutions within climate-sensitive palm
oil production systems. Their institutional contributions extend
beyond economic coordination and increasingly encompass
adaptive sustainability facilitation,
learning, financial mediation, and rural organizational inclusion
among smallholder producers. Nevertheless, the effectiveness
of these cooperative-based adaptation systems remains shaped
by variations in governance quality, infrastructure accessibility,

governance, collective

institutional coordination, and technological capacity across
different production contexts.

The findings of this study have several important implications
for policy development, institutional strengthening, and future
academic concerning climate adaptation within
plantation-based agricultural systems. First, the review indicates
that strengthening cooperative governance capacity, extension
accessibility, digital infrastructure, inclusive financing
systems may substantially improve adaptive preparedness
among palm oil smallholders. Second, the study highlights the

research

and

importance of integrating sustainability governance frameworks
with locally embedded organizational structures capable of
facilitating collective adaptation and rural inclusion. For future
research, studies, longitudinal
institutional analyses, and investigations concerning digital
cooperative adaptation systems would contribute to expanding
the understanding of how

comparative cross-country

cooperative-based adaptation

mechanisms evolve across different socio-economic and
governance environments within the global palm oil sector.
Conclusion

This systematic literature review demonstrates that

agricultural cooperatives increasingly function as important
institutional mechanisms supporting climate adaptation within
palm oil smallholder systems. The synthesis of 39 peer-reviewed
studies indicates that cooperatives contribute to adaptive capacity
through interconnected organizational, economic, technical,
and governance-related functions. Rather than operating solely
as commercial farmer associations, cooperatives increasingly
facilitate climate-related knowledge dissemination, technical
extension services, collective resource coordination, financial
accessibility, sustainability governance participation, and adaptive
decision-making among smallholder producers operating in
climate-sensitive agricultural environments.

The reviewed literature consistently shows that cooperative-
based arrangements strengthen
preparedness by improving access to adaptive agricultural
information, training programs, collective marketing systems,
financing mechanisms, and sustainability-oriented support
Through systems,
cooperatives also contribute to strengthening social capital,
collaborative learning processes, and institutional inclusion
among rural farming communities. These functions collectively
support production continuity, livelihood resilience, and adaptive
coordination within evolving palm oil production systems.

institutional smallholder

structures. collective  organizational

The findings further indicate that the effectiveness of
cooperative-based adaptation systems is influenced by both
institutional opportunities operational
Opportunities emerge through increasing integration between
cooperatives and sustainability governance frameworks,
expansion of collaborative partnerships involving governments

and constraints.

and private-sector actors, and growing adoption of digital
agricultural communication systems. At the same time, several
operational institutional
effectiveness, including disparities in managerial capacity,
infrastructure limitations, uneven digital accessibility, inconsistent
policy coordination, and variations in organizational governance
quality across different regional contexts.

limitations continue to influence

Overall, the evidence synthesized through this review suggests
that agricultural cooperatives increasingly represent adaptive
institutional infrastructures capable of supporting climate
resilience, sustainability coordination, and rural organizational
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strengthening within the palm oil sector. Although adaptive
outcomes vary across institutional and geographical settings,
the reviewed studies consistently highlight the growing strategic
relevance of cooperative-based approaches in facilitating climate
adaptation among palm oil smallholders while maintaining
broader sustainability and rural development objectives.
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