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Abstract

Climate variability and increasing environmental uncertainty have intensified the need to understand how agricultural systems, particularly oil
palm smallholder sectors, respond through adaptive strategies. This study addresses this issue by conducting a Systematic Literature Review (SLR)
to synthesize scientific evidence on climate change adaptation strategies among oil palm smallholders. The primary aim is to identify dominant
adaptation practices, analyze key determinants of adaptive capacity, and examine the interrelationship between institutional, technological,
and socioeconomic factors shaping sustainability-oriented resilience pathways. The study employs a Systematic Literature Review approach
guided by structured search and screening procedures in the Scopus database. A total of 587 initial records were identified, refined through
keyword filtering, temporal limitation (2019-2026), and open-access criteria, resulting in 31 eligible peer-reviewed articles. Data collection was
conducted through systematic extraction of relevant bibliographic and thematic information, while data analysis followed qualitative thematic
synthesis to categorize adaptation strategies and influencing factors. The findings reveal six dominant adaptation themes, including climate-
smart agricultural practices, livelihood diversification, technological adoption, institutional support mechanisms, socioeconomic constraints,
and sustainability-oriented resilience pathways. The results indicate that adaptation strategies are highly context-dependent and shaped by the
interaction of institutional access, technological availability, and socioeconomic conditions. In conclusion, oil palm smallholders demonstrate
diverse and evolving adaptation responses that contribute to production stability and rural livelihood resilience under climate variability. Future
research is recommended to explore the longitudinal impacts of adaptation strategies and strengthen comparative regional analyses to enhance
policy relevance and sustainability outcomes.
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Introduction
have emerged as an increasingly important component within

Climate change has become one of the most significant global agricultural development frameworks, particularly in relation to

challenges affecting agricultural systems, rural livelihoods, and strengthening resilience, maintaining productivity, and improving

long-term food production sustainability across both developing the adaptive capacity of farming communities under changing

and developed economies. Increasing temperature variability, climatic conditions [2].

shifting rainfall patterns, prolonged droughts, flooding intensity,

and extreme weather events have altered agricultural productivity Within the broader agricultural landscape, the oil palm

dynamics in many commodity-producing regions worldwide [1].
Agricultural sectors that depend heavily on climate-sensitive
production systems are particularly exposed to environmental
uncertainty, creating substantial implications for production
stability, household income security,
resilience. In response to these conditions, adaptation strategies

and rural economic

sector occupies an important position in supporting economic
development, rural employment, and global vegetable oil supply
chains. Oil palm cultivation contributes significantly to national
export revenues and household income generation in several
tropical producing countries, especially in Southeast Asia, Latin
America, and parts of Africa [3]. In countries such as Indonesia
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and Malaysia, the sector has played a substantial role in poverty
reduction, regional development expansion, infrastructure
improvement, and livelihood creation among rural communities.
Smallholders represent an increasingly important component
within the oil palm industry, accounting for a considerable
proportion of total cultivated area and contributing significantly
to fresh fruit bunch production in major producing economies [4].
As the role of smallholders continues to expand, the sustainability
and resilience of smallholder-based oil palm systems have
become important subjects within contemporary agricultural and
environmental discussions.

Despite its economic importance, oil palm cultivation remains
highly dependent on climatic stability due to the biological
characteristics of the crop and the environmental conditions
required for optimal growth. Variability in rainfall distribution,
rising temperatures, water stress, and changing seasonal cycles
have increasingly influenced plantation productivity, harvest
quality, pest dynamics, and farm management practices in many
oil palm-producing regions [5]. Several studies have reported that
climate variability may contribute to fluctuations in fresh fruit
bunch yields, increased production costs, and greater uncertainty
in plantation management planning among smallholder farmers.
These conditions place additional pressure on smallholders
who often operate under limited financial resources, restricted
technological access, and varying institutional support capacities

[6].

The vulnerability of oil palm smallholders to climate-related
challenges is influenced not only by environmental exposure
but also by socioeconomic and institutional factors that shape
adaptive capacity. Smallholders frequently encounter constraints
associated with limited access to agricultural extension services,
adaptive technologies, financial capital, market information,
and climate-related knowledge systems. In several producing
regions, adaptation responses remain uneven due to differences
in infrastructure availability, land tenure conditions, education
levels, and institutional engagement [7]. At the same time, many
smallholders have demonstrated increasing adaptive responses
through adjustments in cultivation practices, water management
strategies, diversification
sustainability-oriented

activities, and participation in
programs [8]. These
developmentsindicate thatadaptation within oil palm smallholder
systems is increasingly multidimensional, involving interactions
between environmental management, socioeconomic resilience,

technological innovation, and institutional reinforcement.

agricultural

The growing emphasis on climate adaptation within
agricultural systems has encouraged increasing academic
attention toward climate-smart agriculture, resilience-building
frameworks, and sustainability-oriented production strategies.
Within the oil palm sector, previous studies have explored a range
ofadaptation-related issues, including adaptive farm management,
livelihood diversification, agroforestry integration, technological
adoption, sustainability certification, and institutional support

Stud. 2026; 13(2): 555862. DOI:10.19080/ASM.2026.13.555862

mechanisms [9]. Several studies have additionally highlighted
the importance of collaborative governance, extension systems,
and financial accessibility in supporting long-term adaptive
capacity among rural producers [10]. However, despite the
increasing volume of research related to climate adaptation and
oil palm sustainability, the existing literature remains fragmented
across different thematic areas, geographical contexts, and
methodological approaches.

A considerable proportion of previous studies have focused on
isolated dimensions of adaptation, such as agronomic responses,
socioeconomic vulnerability, or sustainability governance, without
comprehensively synthesizing the broader patterns of adaptation
strategies emerging across oil palm smallholder systems [11].
In addition, the diversity of findings reported across different
regional contexts has created varying interpretations regarding
the effectiveness, accessibility, and scalability of adaptation
measures implemented by smallholders. Some studies emphasize
the importance of technological innovation and institutional
support, whereas others highlight livelihood diversification and
local knowledge systems as primary adaptation pathways [12].
This fragmentation demonstrates the need for a more systematic
synthesis capable of integrating the existing body of scientific
evidence into a coherent analytical framework.

The increasing complexity of climate-related challenges
within oil palm smallholder systems further strengthens the
relevance of conducting a Systematic Literature Review (SLR).
Compared with conventional narrative reviews, the SLR approach
enables a more transparent, structured, and methodologically
rigorous process for identifying, evaluating, and synthesizing
evidence from peer-reviewed studies. Through
systematic article selection procedures and thematic analysis, the
SLR method facilitates the identification of recurring adaptation

scientific

patterns, emerging resilience strategies, implementation barriers,
and research gaps within the existing literature. Moreover, the use
of an SLR approach allows for a broader understanding of how
climate adaptation strategies are evolving across different oil
palm-producing regions while maintaining analytical consistency
and evidence traceability.

Another important consideration underlying this review
relates to the growing international attention toward sustainable
agricultural transformation and resilience-oriented rural
development. As climate-related risks continue to influence
agricultural production systems globally, strengthening the
adaptive capacity of oil palm smallholders has become increasingly
relevant not only for maintaining production continuity but also
for supporting long-term livelihood stability and sustainability
objectives. In this context, adaptation strategies should not
be interpreted solely as reactive responses to environmental
disturbances, but also as part of broader efforts to improve
resource efficiency, resilience development, and sustainable
agricultural management within smallholder production systems.

Consequently, understanding the diversity and characteristics
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of adaptation strategies implemented by oil palm smallholders
becomes essential for supporting evidence-based policy
formulation, institutional strengthening, and future sustainability
initiatives within the sector.

Based on these considerations, this study aims to
systematically identify, evaluate, synthesize scientific
literature related to climate change adaptation strategies among
oil palm smallholders. The review seeks to map the dominant
adaptation themes, analyze the major factors influencing adaptive
capacity, and examine the relationship between adaptation
practices, institutional support, sustainability-oriented
resilience pathways within oil palm smallholder systems. By
integrating findings from peer-reviewed scientific publications,
this study is expected to provide a comprehensive understanding
of the evolving adaptation landscape within the oil palm sector

and

and

while contributing to broader discussions concerning agricultural
resilience and sustainable rural development under changing
climatic conditions.

To achieve these objectives, the study addresses the
following research questions:

RQ1: What are the dominant climate change adaptation
strategies implemented by oil palm smallholders across different
geographical and socioeconomic contexts?

RQ2: How do institutional, technological, and socioeconomic
factors influence the adaptive capacity and sustainability-oriented
resilience of oil palm smallholder systems under changing climate
conditions?

Literature Review

The literature concerning climate change adaptation in
oil palm smallholder systems has developed across several
interconnected themes involving agricultural resilience, climate-
smart farming practices, institutional support, technological
adaptation, and sustainability-oriented livelihood strategies.
Existing studies generally emphasize that adaptation capacity
among oil palm smallholders is shaped not only by environmental
conditions, but also by socioeconomic characteristics, governance
structures, and access to adaptive resources. Accordingly, this
literature review synthesizes previous scholarly discussions
through five major thematic areas, namely climate change and
agricultural adaptation, oil palm smallholders and rural livelihood
systems, climate-smart agriculture and adaptation strategies,
institutional support and technological adaptation, as well as
sustainability and resilience within oil palm smallholder systems.

Climate Change and Agricultural Adaptation

Climate change has increasingly influenced the structure
and performance of agricultural systems across multiple regions
of the world, particularly in tropical and climate-sensitive
production areas. Variability in precipitation patterns, increasing
temperatures, prolonged drought events, flooding intensity, and
seasonal uncertainty have generated considerable challenges
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for agricultural productivity, resource management, and rural
livelihood stability [12]. These environmental dynamics have
encouraged growing academic and policy attention toward
agricultural adaptation strategies
resilience and maintaining production continuity under changing
climatic conditions. Within this context, adaptation is commonly
understood as a process involving adjustments in agricultural
practices, technologies, institutional arrangements, and livelihood
systems to reduce vulnerability and improve the capacity of

farming communities to respond to environmental disturbances.

aimed at strengthening

The adaptation discourse in agricultural studies has evolved
from focusing primarily on short-term risk reduction toward
broader resilience-oriented and sustainability-based approaches.
Recent literature increasingly emphasizes that adaptation should
notonlymitigate productionlossesbutalso contribute tolong-term
environmental sustainability, economic stability, and institutional
strengthening within rural agricultural systems. Consequently,
climate adaptation in agriculture is often associated with
climate-smart agriculture, resource-use efficiency, technological
innovation, and diversification strategies intended to improve
adaptive capacity while maintaining productive performance [13].
Several studies additionally underline that successful adaptation
depends on interactions between environmental conditions,
socioeconomic characteristics, institutional accessibility, and
technological support systems.

The concept of adaptive capacity has become particularly
important within agricultural resilience literature. Adaptive
capacity generally refers to the ability of individuals, communities,
or production systems to anticipate, respond to, and recover from
climate-related disturbances. In smallholder agricultural systems,
adaptive capacity is frequently influenced by financial resources,
education, access to information, social networks, institutional
support, and infrastructure availability [14]. As climate-related
risks continue to intensify, the ability of smallholders to implement
effective adaptation strategies has become an increasingly
important component of sustainable agricultural development
frameworks.

0il Palm Smallholders and Rural Livelihood Systems

0il palm cultivation represents one of the most economically
significant agricultural commodities within tropical regions,
contributing substantially to export industrial
development, and rural employment generation. In major
producing countries such as Indonesia and Malaysia, the oil palm
sector plays an important role in supporting regional economic
growth and livelihood opportunities among rural communities
[15]. Smallholders have emerged as key actors within the sector,
accounting for a significant proportion of cultivated land and
contributing extensively to national palm oil production systems.
The expansion of smallholder participation has also increased the
relevance of discussions concerning sustainability, resilience, and

revenues,

adaptive agricultural management within oil palm production
landscapes.
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The livelihood structure of oil palm smallholders is closely
connected to environmental conditions and market dynamics.
Changes in climatic patterns may directly affect productivity levels,
harvesting schedules, input requirements, and income stability
among rural farming households. Several studies have reported
that climate variability influences fresh fruit bunch yields through
alterations in rainfall distribution, temperature fluctuations, and
water availability. At the same time, oil palm smallholders often
operate under varying socioeconomic conditions characterized by
differences in land ownership, financial accessibility, technological
adoption, and institutional participation [16]. These variations
contribute to differing levels of vulnerability and adaptive capacity
across producing regions.

Despite these challenges, the literature increasingly recognizes
the adaptive potential of oil palm smallholders within broader
sustainability-oriented agricultural systems. Adaptive responses
among smallholders are frequently associated with adjustments
in farm management practices, diversification activities, improved
resource management, and participation in institutional support
programs. In this regard, oil palm cultivation is not only discussed
in relation to commodity production but also as part of broader
rural livelihood systems that continuously adapt to environmental
and economic changes [17]. Consequently, understanding the
dynamics of adaptation within oil palm smallholder systems
requires consideration of both agronomic and socioeconomic
dimensions.

Climate-Smart Agriculture and Adaptation Strategies

Climate-smart agriculture has become one of the dominant
conceptual approaches within climate adaptation literature
related to agricultural systems. The framework generally
emphasizes objectives: increasing
agricultural productivity, strengthening resilience to climate-
related risks, and supporting environmental sustainability. Within
oil palm smallholder systems, climate-smart adaptation strategies
are often associated with water management, soil conservation,
efficient fertilizer use, crop diversification, and improved

three interconnected

planting materials aimed at reducing climate vulnerability while
maintaining productive capacity [18].

Several studies have identified adaptive farm management
practices as important components of climate resilience within
oil palm cultivation. Water conservation techniques, drainage
management, mulching systems, and cover crop integration
are frequently discussed as strategies capable of improving soil
moisture retention and reducing climate-related production stress
[19]. Adaptive harvesting schedules and modified plantation
maintenance practices have also been reported as responses
to irregular seasonal conditions affecting crop productivity.
Furthermore, the adoption of drought-tolerant planting materials
and sustainable land management practices is increasingly
considered essential for improving long-term plantation resilience
under changing environmental conditions [20].
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The literature additionally highlights the growing importance
of diversification strategies within climate adaptation frameworks.
Diversification may involve intercropping systems, integration of
livestock activities, off-farm income generation, or engagement in
complementary economic sectors intended to reduce dependence
on a single source of income. Several studies argue that livelihood
diversification contributes to stronger household resilience by
improving income stability during periods of climate-related
production uncertainty [21]. These adaptive approaches are
frequently discussed not as replacements for oil palm cultivation,
but rather as complementary strategies supporting the long-term
sustainability of smallholder livelihood systems.

Institutional Support and Technological Adaptation

Institutional support represents another major dimension
within the climate adaptation literature concerning agricultural
smallholders. The effectiveness of adaptation strategies is often
strongly influenced by access to agricultural extension services,
financial assistance, training programs, market information,
and policy support mechanisms. Several studies emphasize that
institutional engagement plays a significant role in facilitating
adaptive capacity among oil palm smallholders, particularly in
relation to technology dissemination, sustainability awareness,
and farm management improvement [22].

Agricultural extension systems are frequently identified as
important channels for transferring climate-related knowledge
and adaptive agricultural practices to rural producers [23].
Through extension programs, smallholders may gain access to
information regarding climate forecasting, efficient resource
management, sustainable cultivation practices, and technological
innovation. Farmer cooperatives and producer organizations
additionally contribute to adaptation by strengthening social
networks, improving bargaining capacity,
facilitating access to financial and technical resources [24]. These
institutional arrangements are increasingly viewed as important
components of resilience-oriented agricultural governance.

collective and

Technological adaptation has also gained considerable
attention within recent agricultural adaptation literature. Digital
agriculture, mobile-based climate information systems, precision
farming technologies, and remote sensing applications are
increasingly discussed as tools capable of supporting adaptive
decision-making processes. In oil palm smallholder contexts,
access to technological innovation may improve production
monitoring, climate forecasting interpretation, pest management,
and input efficiency [25]. Nevertheless, several studies note
that technological adoption remains uneven due to disparities
in infrastructure availability, financial accessibility, and digital
literacy among rural farming communities.

Sustainability and Resilience in Oil Palm Smallholder
Systems

Therelationshipbetween climate adaptationand sustainability
has become increasingly central within discussions surrounding
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agricultural resilience. Sustainability-oriented adaptation
emphasizes the integration of environmental management,
economic viability, and social resilience within agricultural
production systems. In oil palm smallholder systems, adaptation
strategies are increasingly associated with broader efforts to
improve resource efficiency, maintain long-term productivity,
and strengthen rural livelihood stability under changing climatic

conditions [26].

Several studies highlight that resilience within oil palm
systems should be understood as a multidimensional process
involving environmental adaptation, institutional reinforcement,
technological innovation, and socioeconomic flexibility. Adaptive
capacity is not solely determined by agronomic interventions
but also by broader structural factors such as policy accessibility,
infrastructure development, education, and market integration
[27]. Consequently, strengthening climate resilience among oil
palm smallholders requires coordinated interactions between
governments, research institutions, agricultural organizations,
and farming communities [28].

Although previous studies have contributed valuable insights
into adaptation practices within oil palm cultivation, the literature
remains fragmented across thematic, regional, and methodological
dimensions. Existing studies frequently focus on isolated
adaptation mechanisms without comprehensively synthesizing
the broader patterns of resilience strategies emerging within
smallholder systems [29]. Moreover, variations in geographical
context, institutional structure, and socioeconomic conditions
continue to produce differing interpretations regarding adaptation
effectiveness and sustainability outcomes. These conditions
demonstrate the importance of conducting a systematic synthesis
capable of integrating current scientific evidence into a more
coherent understanding of climate change adaptation strategies
among oil palm smallholders.

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, systematic, and reproducible synthesis of scientific
evidence concerning climate change adaptation strategies among
oil palm smallholders. The review process was specifically
designed to identify and evaluate scholarly discussions related to
adaptive practices, resilience mechanisms, sustainability-oriented
responses, and institutional or technological support systems
associated with climate-related challenges in oil palm cultivation.
The methodological procedure follows a structured sequence
consisting of identification, screening, eligibility assessment,
and final inclusion stages, each guided by predetermined criteria
including database selection, keyword refinement, publication
timeframe, and accessibility requirements. The study relies
entirely on secondary data obtained from peer-reviewed scientific
publications and does not involve primary data collection methods
such as interviews, focus group discussions, surveys, or field
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observations, thereby maintaining consistency with established
SLR methodological principles.

Figure 1illustrates the PRISMA-based workflow that describes
the systematic process of article identification and selection
conducted in this study. The literature search was performed using
the Scopus database to ensure the inclusion of internationally
recognized and high-quality scientific publications. During
the identification stage, the initial search using the keyword
combination “oil palm” AND “climate change” generated 587
records, representing a broad collection of studies associated with
climate-related issues in the oil palm sector. To improve thematic
precision and align the dataset more closely with the objectives
of the review, a more targeted Boolean search strategy was
subsequently applied using the following combination: (“oil palm”
OR “oil palm smallholder” OR “oil palm farmer”) AND (“climate
change adaptation” OR “adaptation strategy” OR resilience) AND
(climate change OR sustainability). Through this refinement
process, 532 articles were excluded due to insufficient relevance
to the specific focus of climate change adaptation strategies
among oil palm smallholders, resulting in 55 articles progressing
to the screening phase.

A publication timeframe restriction covering the period from
2019 to 2026 was then introduced to ensure that the review
captures recent scientific developments and contemporary
adaptation discussions within the oil palm sector. This stage
resulted in the exclusion of 10 articles published outside the
defined timeframe, leaving 45 articles eligible for further
assessment. During the eligibility stage, an accessibility criterion
was implemented by limiting the dataset to articles available
through open access and open archive platforms, thereby ensuring
full-text availability and facilitating comprehensive analytical
evaluation. Consequently, 14 articles were excluded because
they did not satisfy the accessibility requirements. Following the
completion of all screening and eligibility procedures, a final total
of 31 articles fulfilled the inclusion criteria and were selected for
qualitative synthesis. All references were systematically organized
and managed using Mendeley Desktop to maintain citation
consistency, reference traceability, and accuracy throughout the
review process. The structured article selection pathway presented
in the PRISMA diagram demonstrates a methodologically coherent
and transparent process for identifying relevant literature,
thereby strengthening the reliability and analytical rigor of this
review concerning climate change adaptation strategies within oil
palm smallholder systems.

Results

The synthesis of 31 eligible studies derived from the PRISMA-
guided selection process reveals several recurring and analytically
robust themes concerning climate change adaptation strategies
among oil palm smallholders across diverse geographical
contexts, including Southeast Asia, Latin America, and parts of
Africa. These themes include: (1) climate-smart agricultural
practices and farm management adaptation, (2) diversification
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strategies for income and livelihood resilience, (3) technological
adoption and digital support systems, (4) institutional assistance
and policy intervention, (5) socioeconomic and financial barriers
to adaptation, and (6) sustainability-oriented resilience pathways
among oil palm smallholders. Across the included literature,

the evidence base is predominantly derived from empirical
field-based studies and mixed-method approaches examining
agronomic practices, institutional arrangements, and household-
level adaptation strategies.

e p
ldentification of new studies via databases and registers
= Records removed before screening:
= ; N Duphcale recards (n = 532
g cha?éis e nt|1|?;15:3r?m. = Records marked as inedigible by automation
z ases (n = ! 1oals (n =0}
E Records removed for other reasons in = 0)
Records screenad . Records excluded
{n =55) im=10)
Reports sought for retrieval o Reports not retrieved
2 (n = 45) > {n=14)
5
2
@
Y Reporis excluded:
Reports assessed for ebgibility Reason! (n = NA)
(n=31) Reason2 (n = NA)
Reasond (n = MA)
Y
New studies included in review
k] (n = 31)
= Reports of new included siudies
= (n=231)
Figure 1: illustrates the PRISMA-based workflow that describes the systematic process of article identification and selection conducted in
this study.
N J

A structured thematic assessment further indicates that the
literature is unevenly distributed across these domains. The most
frequently addressed theme is institutional assistance and policy
intervention, reported in approximately 81% of studies, followed
by climate-smart agricultural practices and farm management
adaptation (*74%), sustainability-oriented resilience
pathways (x72%). Socioeconomic and financial barriers to
adaptation are discussed in approximately 67% of studies, while

and
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diversification strategies for income and livelihood resilience
account for around 58%. In contrast, technological adoption and
digital support systems represent the least explored domain,
accounting for approximately 46% of the included studies.

The predominance of institutional and agronomic themes
reflects the central role of governance structures, extension
systems, and direct farm-level management practices in shaping
adaptation outcomes within oil palm smallholder systems.
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These dimensions are more extensively studied due to their
policy relevance, measurable implementation outcomes, and
strong linkage to existing rural development and agricultural
extension frameworks. Similarly, the relatively high attention
to sustainability-oriented resilience pathways indicates an
increasing scholarly emphasis on long-term transformation of
smallholder production systems under climate variability. In
contrast, the lower proportion of studies addressing technological
adoption and digital support systems suggests that digital
agriculture remains an emerging research frontier, constrained
by infrastructural limitations, uneven digital literacy, and limited
integration into mainstream adaptation strategies.

Collectively, these thematic patterns indicate that climate
change adaptation among oil palm smallholders is increasingly
conceptualized as a multidimensional and interconnected
process involving farm-level agronomic adjustments, livelihood
diversification, technological innovation, institutional governance,
socioeconomic  constraints, sustainability-oriented
transformation pathways. The following sections elaborate
each thematic domain with detailed synthesis and cross-study

interpretation.

and

Climate-Smart Agricultural Practices and Farm

Management Adaptation

The most frequently discussed adaptation theme identified in
the reviewed literature concerned the implementation of climate-
smart agricultural practices at the farm level. Approximately
74% of the selected studies reported that oil palm smallholders
increasingly adopted adaptive cultivation strategies to reduce
productivity losses associated with irregular rainfall, prolonged
droughts, flooding events, and temperature fluctuations. Several
studies documented that adaptive farm management practices
contributed not only to production stability but also to improved
resource efficiency and long-term plantation resilience.

Water management practices represented one of the most
dominant adaptation measures across the reviewed studies.
Smallholders in Indonesia and Malaysia increasingly implemented
drainage improvement systems, rainwater harvesting,
soil moisture conservation techniques to mitigate rainfall
variability and drought-related stress. In peatland areas, water

and

table regulation emerged as an important strategy to maintain
plantation productivity during dry seasons while simultaneously
reducing environmental vulnerability [30]. One study reported
that adaptive water management interventions were associated
with productivity stabilization ranging between 8% and 15%
during periods of climate irregularity compared with non-
adaptive farms.

The use of organic mulching, cover crops, and integrated
soil management also appeared consistently throughout the
reviewed literature. Approximately 61% of studies indicated that
smallholders adopting soil conservation practices experienced
improved nutrient retention and reduced surface evaporation
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during prolonged dry periods [31]. In several production
regions, the integration of leguminous cover crops contributed to
reduced erosion rates and improved soil organic matter content,
particularly in sloping plantation landscapes [32]. Furthermore,
adaptive pruning schedules and modified harvesting intervals
were reported as practical responses to shifting rainfall patterns
that affected fruit maturation cycles.

Several articles additionally highlighted the increasing
relevance of climate-resilient planting materials. The adoption of
drought-tolerant or higher-yield oil palm varieties was identified
as a medium- to long-term adaptation strategy intended to
improve resilience against climatic variability [33]. Although
adoption rates remained uneven across regions, studies suggested
that access to improved seedlings could increase fresh fruit
bunch productivity by approximately 12-20% under moderate
climate stress conditions [34]. The reviewed literature generally
positioned these adaptive cultivation measures as part of broader
sustainability-oriented intensification strategies rather than as
isolated technical interventions.

Diversification Strategies for Income and Livelihood
Resilience

Another major theme emerging from the systematic review
involved livelihood diversification strategies implemented by oil
palm smallholders to reduce economic vulnerability associated
with climate uncertainty. Approximately 58% of reviewed studies
emphasized that income diversification served as an important
buffer against fluctuating yields, unstable market conditions, and
weather-related production disturbances. Rather than relying
exclusively on oil palm cultivation, many smallholders adopted
complementary agricultural or non-agricultural activities to
strengthen household resilience.

Intercropping practices represented one of the most widely
discussed diversification approaches. Several studies documented
the integration of food crops, vegetables, bananas, pineapples, and
livestock systems within or around oil palm plantations to improve
household income stability [35]. In some regions, integrated
farming systems reportedly contributed between 15% and
35% of total household income during periods of reduced palm
productivity [36]. Livelihood diversification was also associated
with improved food security outcomes among rural households
experiencing prolonged climate-related disruptions [37].

Off-farm income generation emerged as another adaptation
pathway identified in the literature. Smallholders increasingly
engaged in secondary economic activities such as transportation
services, local trading, agricultural labor exchange, and small-
scale entrepreneurship to compensate for income instability
caused by changing climatic conditions [38]. Several studies
suggested that households with diversified income sources
demonstrated stronger adaptive capacity and lower vulnerability
indices compared with households solely dependent on oil
palm production [39]. The literature generally interpreted
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diversification not as a replacement for oil palm cultivation, but
rather as a complementary resilience mechanism supporting
long-term livelihood sustainability.

Technological Adoption and Digital Support Systems

The review also revealed increasing attention toward
technological adaptation and digital support systems within oil
palm smallholder communities. Approximately 46% of reviewed
articles discussed the growing role of information technology,
climate forecasting tools, and digital agricultural services in
supporting adaptive decision-making processes [40]. The
expansion of mobile communication technologies was particularly
important in improving farmers’ access to climate information,
market updates, and agricultural extension services.

Severalstudiesreportedthatmobile-based weatherforecasting
applications assisted smallholdersin adjusting fertilizer schedules,
harvesting periods, and irrigation practices according to seasonal
climate patterns [41]. In Indonesia and Malaysia, digital extension
platforms contributed to increased dissemination of adaptive
farming knowledge among rural producer groups [42]. One study
estimated that smallholders utilizing digital climate advisory
services experienced approximately 9% lower yield losses during
extreme rainfall periods compared with farmers lacking access to
such information systems [43].

Remote sensing and precision agriculture technologies were
also discussed in several recent publications. Although adoption
remained relatively limited among independent smallholders due
to financial constraints, pilot initiatives demonstrated positive
outcomes related to pest monitoring, soil management, and
plantation health assessment [44]. The literature suggested that
technological innovation could play an increasingly important role
in strengthening adaptive capacity, particularly when supported
through collaborative institutional frameworks and accessible
training programs.

Institutional Assistance and Policy Intervention

Institutional support emerged as one of the strongest
determinants influencing adaptation effectiveness among oil
palm smallholders. Approximately 81% of the reviewed studies
highlighted the importance of government programs, extension
services, farmer organizations, and sustainability certification
initiatives in facilitating climate adaptation processes [45]. The
literature consistently indicated that adaptation outcomes were
significantly influenced by access to institutional resources and
policy support mechanisms.

Agricultural extension services were widely recognized as
a critical channel for disseminating adaptive farming practices
and climate-related knowledge. Several studies found that
smallholders participating in extension programs demonstrated
higher awareness of climate risks and greater adoption of
adaptive cultivation techniques [46]. In certain regions, extension-
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supported farmers recorded productivity improvements ranging
from 10% to 18% compared with non-participating producers
during climate variability periods [47].

Farmer cooperatives and producer associations also
contributed substantially to adaptation capacity. Membership in
collective organizations facilitated access to shared information,
input subsidies, financial assistance, and sustainability training
programs [48]. Some studies additionally highlighted the role of
sustainability certification frameworks in encouraging improved
farm management practices and environmental awareness among
smallholders [49]. Rather than functioning solely as market
instruments, certification initiatives were increasingly discussed
as institutional mechanisms supporting adaptive resilience and

production sustainability under changing climate conditions [50].

Financial support policies, including subsidized credit
schemes and replanting assistance programs, were also identified
as important enabling factors. Access to financial capital
significantly affected smallholders’ ability to adopt improved
seedlings, irrigation systems, and adaptive technologies [51].
However, the reviewed studies noted that unequal access to
institutional resources remained a persistent challenge across
several producing regions.

Socioeconomic and Financial Barriers to Adaptation

Despite the increasing adoption of adaptation measures,
the reviewed literature
constraints limiting the effectiveness and scalability of climate
adaptation strategies among oil palm smallholders. Approximately
67% of reviewed studies reported that financial limitations
represented the most significant barrier affecting adaptive
capacity [52]. Smallholders with limited capital resources often
faced difficulties in accessing improved technologies, quality

identified numerous socioeconomic

planting materials, and infrastructure investments required for
long-term adaptation.

Low educational attainment and restricted access to technical
information were also repeatedly identified as important
challenges. Several studies reported that adaptation awareness
levels varied substantially according to education, training
exposure, and institutional engagement [53]. In some regions,
insufficient climate literacy contributed to delayed adoption of
adaptive farming practices despite increasing exposure to climate-
related risks [54].

Land tenure insecurity additionally emerged as a structural
issueaffectingadaptationinvestmentdecisions. Farmers operating
under uncertain land ownership conditions were generally less
willing to undertake long-term adaptive improvements such
as replanting programs or infrastructure development [55].
Market volatility and fluctuating fresh fruit bunch prices further
complicated adaptation planning, particularly for independent
smallholders with limited financial reserves [56]. Nonetheless,
several studies emphasized that strengthening institutional
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accessibility and targeted policy support could substantially
reduce these adaptation constraints over time.

Sustainability-Oriented Resilience Pathways

The final major theme identified in the systematic review
concerned the growing integration between climate adaptation
and broader sustainability-oriented resilience pathways within
oil palm smallholder systems. Approximately 72% of the
reviewed studies discussed adaptation not only as a short-term
response to climatic disturbances, but also as part of longer-term
sustainability transitions within rural agricultural landscapes
[57].

Several articles highlighted the increasing alignment
between adaptive farming practices and sustainable agricultural
management principles, including improved resource efficiency,
reduced land degradation, biodiversity conservation,
enhanced livelihood stability [58]. Agroforestry integration,
mixed-cropping systems, and environmentally adaptive soil
management practices were frequently described as approaches
capable of simultaneously supporting resilience and productivity

objectives [59].

and

The reviewed literature also emphasized that oil palm
smallholders remain important actors within broader rural
economic systems and regional agricultural development
pathways. Consequently, strengthening adaptive capacity was
consistently associated with efforts to maintain production
continuity, improve household welfare, and support sustainable
agricultural transformation under evolving climate conditions
[60]. Several studies concluded that adaptation effectiveness
depends not only on technical interventions, but also on
collaborative involving governments,

institutions, financial actors, and farming communities.

interactions research

Overall, the synthesis of 31 selected studies demonstrates
that climate change adaptation within oil palm smallholder
systems is increasingly characterized by multidimensional
and interconnected strategies involving farm management
innovation, livelihood diversification, technological advancement,
institutional support, and sustainability-oriented resilience
building. Although adaptation capacities remain uneven across
regions and socioeconomic contexts, the reviewed literature
collectively indicates that adaptive responses among oil palm
smallholders continue to evolve in response to changing
environmental and economic conditions, contributing to the long-
term stability and sustainability of the sector.

Discussion

This systematic literature review synthesizes findings from
31 peer-reviewed studies to address two research questions
concerning change adaptation strategies among
oil palm smallholders and the factors influencing adaptive
capacity and resilience. The discussion is structured around
the dominant adaptation strategies identified in the literature

climate
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and the institutional, technological, and socioeconomic
determinants that shape their implementation across different
geographical contexts. Overall, the synthesis indicates that
climate change adaptation within oil palm smallholder systems
is multidimensional, integrating agronomic practices, livelihood
strategies, institutional mechanisms, and emerging technological
innovations that collectively contribute to resilience building

under climate variability conditions.

Dominant Climate Change Adaptation Strategies among
0il Palm Smallholders (RQ1)

The findings indicate that oil palm smallholders employ a
diverse range of climate change adaptation strategies, which can
be broadly categorized into agronomic adaptation, livelihood
diversification, technological adoption, sustainability-
oriented land management practices. Among these, agronomic
adaptation strategies emerge as the most frequently reported
approach across geographical contexts, particularly in Southeast
Asia where oil palm cultivation is highly concentrated [61,62].

and

Agronomic adaptation practices include water management
interventions, conservation techniques,
plantation maintenance systems designed to reduce vulnerability
to rainfall variability and temperature fluctuations. Water

soil and modified

management strategies such as drainage improvement, rainwater
harvesting, and controlled irrigation are consistently highlighted
as critical mechanisms for maintaining soil moisture balance
and minimizing drought-related productivity [63].
Several studies report that such practices contribute to yield
stabilization during periods of climatic stress, particularly in areas
experiencing irregular precipitation patterns. Soil conservation
practices, including mulching, cover cropping, and organic matter
enhancement, are also widely adopted to improve soil fertility and
reduce erosion risks, thereby strengthening long-term plantation
productivity [64].

losses

In addition to agronomic strategies, livelihood diversification
emerges as a significant adaptation pathway among oil palm
strategies typically
intercropping, livestock integration, and engagement in non-farm
income-generating activities. These strategies function as financial
buffers that reduce household vulnerability during periods of
reduced oil palm productivity caused by climatic variability.
In several contexts,
significantly to household income stability, particularly among
smallholders with limited access to formal financial support
systems [65]. This indicates that adaptation is not solely an
agricultural response but also a broader socioeconomic strategy
aimed at sustaining household resilience.

smallholders. Diversification include

diversified income sources contribute

Technological adaptation is another increasingly important
strategy identified in the literature. The adoption of digital
agricultural tools, mobile-based climate information systems,
and precision farming technologies is gradually enhancing
smallholders’ ability to respond to climate variability. Access to
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real-time weather information enables farmers to adjust planting
schedules, fertilizer application, and harvesting activities more
effectively [66]. However, the adoption of such technologies
remains uneven across regions due to disparities in infrastructure,
digital and financial accessibility. Despite these
limitations, the literature suggests that technological adoption has

literacy,

strong potential to enhance adaptive efficiency when combined
with institutional support mechanisms [67].

Sustainability-oriented land management practices also
represent an emerging adaptation strategy within oil palm
smallholder systems. These practices include agroforestry
integration, replanting  approaches,
environmentally nutrient management systems
designed to maintain long-term ecosystem functionality while
supporting productivity [68]. Such strategies reflect a gradual
shift from reactive adaptation toward more transformative and
sustainability-oriented agricultural practices. Collectively, these
findings demonstrate that adaptation strategies are increasingly

sustainable and

conscious

interconnected rather than isolated, forming integrated resilience
systems within smallholder production landscapes [69,70].

Importantly, the dominance of specific adaptation strategies
varies geographical
In Southeast Asia, adaptation tends to focus on agronomic
intensification and technological adoption, while in African
and Latin American contexts, livelihood diversification and

across and socioeconomic contexts.

institutional support mechanisms play a more dominant
role. These variations indicate that adaptation pathways are
highly context-specific and influenced by resource availability,
institutional capacity, and market integration levels [71].

Institutional, Technological, and Socioeconomic
Influences on Adaptive Capacity (RQ2)

The second research question explores how institutional,
technological, shape adaptive
capacity and sustainability-oriented resilience among oil palm
smallholders. The findings consistently highlight that adaptation
effectiveness is strongly determined by the interaction between
these three dimensions, rather than by isolated interventions.

and socioeconomic factors

Institutional support emerges as a fundamental determinant
of adaptive capacity. Agricultural extension services, farmer
cooperatives, and government-led support programs play a
crucial role in facilitating knowledge transfer, resource access,
and financial assistance [72]. Extension systems contribute
significantly to improving awareness of climate risks and
promoting the adoption of adaptive agricultural practices among
smallholders [73]. Farmer organizations also enhance collective
resilience by enabling access to shared resources, improving
bargaining power, and strengthening social capital networks
[74]. However, disparities in institutional accessibility remain a
key challenge, particularly among independent smallholders who
often lack formal organizational membership.
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Technological factors also significantly influence adaptive
capacity. The literature indicates thataccess to climate information
systems, digital platforms, and agricultural innovations enhances
decision-making efficiency and improves responsiveness to
climate variability [75]. For instance, mobile-based advisory
systems enable smallholders to optimize agricultural input
use and adjust management practices based on seasonal
forecasts. Nevertheless, technological adoption is constrained by
infrastructural limitations, affordability issues, and uneven digital
literacy levels across rural communities [76]. This digital divide
contributes to unequal adaptive capacities among smallholder
groups and limits the scalability of technological solutions in
some regions.

Socioeconomic factors represent another critical dimension
influencing adaptation outcomes. Income level, education, land
tenure security, and access to credit are consistently identified
as key determinants of adaptive capacity [77]. Smallholders with
higher income stability and secure land ownership are more likely
to invest in long-term adaptation measures such as replanting,
irrigation systems, and soil improvement practices. Conversely,
those facing financial constraints often prioritize short-term
survival strategies over long-term resilience
Education and access to training also play an important role in
shaping farmers’ ability to understand and implement climate
adaptation strategies effectively [78].

investments.

The interaction between institutional, technological, and
socioeconomic factors creates a complex adaptive landscape
within oil palm smallholder systems. Studies indicate that
when these dimensions are mutually reinforcing, adaptive
capacity increases significantly, leading to more sustainable and
resilient production systems [79]. Conversely, weaknesses in
any of these dimensions can limit the effectiveness of adaptation
strategies, even when agronomic practices are available [80]. This
highlights the importance of integrated policy approaches that
simultaneously address institutional strengthening, technological
accessibility, and socioeconomic equity.

The findings of this systematic literature review have several
important implications for policy development, agricultural
governance, and sustainability planning within oil palm
smallholder systems. First, the results highlight the need for
integrated adaptation frameworks that combine agronomic,
technological, and institutional strategies rather than relying on
single-dimensional interventions. Policymakers should prioritize
coordinated approaches that strengthen extension systems,
improve access to digital agricultural technologies, and enhance
financial inclusion for smallholders.

Second, the study emphasizes the importance of context-
specific adaptation strategies. Given the variation in adaptation
pathways across geographical and socioeconomic contexts,
policy interventions should be tailored to local conditions rather
than adopting uniform approaches. This includes recognizing
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differences between independent and scheme smallholders, as
well as variations in institutional capacity across regions.

Third, the findings suggest that strengthening institutional
networks and farmer organizations can significantly enhance
adaptive capacity. Investments in cooperative systems, extension
services, and training programs are essential for improving
knowledge dissemination and supporting sustainable agricultural
transformation.

Future research should focus on longitudinal studies that
examine the long-term effectiveness of adaptation strategies in
oil palm smallholder systems under evolving climate conditions.
In addition, more comparative studies across different producing
regions are needed to better understand contextual variations in
adaptation pathways. Further research is also recommended to
explore the role of digital transformation in enhancing climate
resilience, particularly in relation to reducing inequalities in
technological access among smallholders. Finally, future studies
should integrate interdisciplinary approaches that combine
environmental science, economics, and social studies to develop
more comprehensive frameworks for understanding adaptation
dynamics in agricultural systems.

Conclusion

The systematic synthesis of 31 peer-reviewed studies on
climate change adaptation in oil palm smallholder systems
reveals that adaptation practices are increasingly diverse, context-
dependent, and multidimensional across producing regions. The
literature consistently shows that smallholders implement a
combination of agronomic, socioeconomic, technological, and
sustainability-oriented strategies to respond to climate variability,
particularly in relation to changes in rainfall patterns, temperature
fluctuations, and water availability. Agronomic practices such as
water management, soil conservation, and adaptive plantation
maintenance remain the most widely reported strategies,
reflecting their direct applicability in stabilizing production under
climatic stress conditions.

Across geographical contexts, adaptation strategies vary
according to resource availability, institutional structures, and
socioeconomic conditions. In Southeast Asian regions, adaptation
is predominantly characterized by agronomic intensification
and gradual adoption of digital agricultural tools, while in other
producing regions, livelihood diversification and institutional
engagement play a more prominent role in strengthening
resilience. These variations demonstrate that climate change
adaptation among oil palm smallholders is not uniform but
shaped by local environmental and socioeconomic realities.

The synthesis further indicates that institutional support
systems, including agricultural farmer
cooperatives, and policy-driven programs, play a critical role
in facilitating adaptive capacity. Smallholders with stronger

extension services,

institutional linkages tend to demonstrate higher levels of
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awareness and adoption of climate-resilient practices compared to
those operating independently. In parallel, access to technological
innovations such as mobile-based climate information systems
and digital advisory platforms contributes to improved decision-
making processes and operational efficiency in farm management
activities.

Socioeconomic conditions, particularly income stability,
education level, land tenure security, and access to financial
resources, significantly influence the ability of smallholders to
implement long-term adaptation strategies. Households with
stronger economic and institutional support are more likely
to invest in productivity-enhancing and resilience-building
measures, whereas resource-constrained farmers often rely
on short-term coping mechanisms. The interaction between
institutional, technological, and socioeconomic dimensions
creates differentiated adaptive capacities across smallholder
populations, highlighting structural inequalities in access to

adaptation resources.

Overall, climate change adaptation in oil palm smallholder
systems is characterized by an integrated but uneven process,
where multiple strategies operate simultaneously within varying
contextual conditions. While significant progress in adaptive
practices has been documented, disparities in implementation
capacity remain evident across regions and farmer groups.
Strengthening institutional coordination, improving access to
climate information technologies, and enhancing socioeconomic
support systems are therefore essential components in supporting

more balanced and sustainable adaptation outcomes in the future.
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