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Introduction

The global agricultural sector continues to experience 
significant transformation driven by the increasing demand 
for sustainable production systems, inclusive economic 
development, and responsible supply chain governance. Within 
this broader transition, agricultural commodities are increasingly 
evaluated not only based on productivity and trade performance 
but also according to their contribution toward environmental 
sustainability, social inclusion, and long-term economic resilience. 
As sustainability frameworks become more integrated into global 
trade and development agendas, supply chains are expected to 
demonstrate greater transparency, accountability, and alignment 
with international sustainability objectives, particularly those  

 
associated with the Sustainable Development Goals (SDGs) 
[1]. In recent years, sustainability-oriented governance has 
become an essential component in shaping global commodity 
markets, encouraging industries to strengthen responsible 
sourcing practices while simultaneously maintaining economic 
competitiveness and rural livelihood support.

Among globally traded agricultural commodities, palm 
oil occupies a strategically important position due to its 
multifunctional role in food systems, oleochemical industries, 
renewable energy production, cosmetics, and consumer goods 
manufacturing. The palm oil sector contributes substantially 
to export revenues, industrial development, and employment 
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generation in producing countries, particularly Indonesia and 
Malaysia, which collectively account for more than 80% of global 
palm oil supply [2]. Beyond its macroeconomic contribution, the 
industry also plays a major role in supporting rural livelihoods 
through extensive smallholder participation in cultivation, 
harvesting, transportation, and local processing activities. In 
Indonesia alone, millions of households are directly or indirectly 
connected to oil palm-related economic activities, illustrating the 
sector’s significance in rural economic structures and regional 
development processes [3].

The increasing global emphasis on sustainability has 
encouraged the palm oil industry to undergo gradual 
transformation toward more inclusive and environmentally 
conscious production systems. Sustainability-oriented initiatives 
such as certification schemes, traceability systems, responsible 
sourcing mechanisms, and inclusive supply chain partnerships 
have become increasingly prominent within both academic and 
industrial discussions [4]. In this context, smallholders have 
emerged as central actors in the sustainability transition because 
they contribute a substantial proportion of total cultivated oil 
palm area while simultaneously representing economically 
vulnerable groups that require stronger institutional integration 
within formal supply chains. As sustainability standards become 
more integrated into international market requirements, the 
inclusion of smallholders is increasingly perceived as a critical 
factor in balancing economic growth, environmental governance, 
and social equity within the palm oil sector.

Recent scholarly discussions indicate that smallholder 
integration extends beyond agricultural productivity alone and 
increasingly involves broader dimensions of governance, financial 
inclusion, technological access, certification participation, and 
market connectivity. The integration process is frequently 
associated with efforts to improve rural welfare, strengthen 
supply chain resilience, enhance production efficiency, and 
support inclusive sustainability transitions within developing 
economies [5]. At the same time, sustainability-oriented 
supply chains are becoming more dependent on collaborative 
governance arrangements involving governments, private 
companies, cooperatives, certification institutions, financial 
actors, and local communities. These evolving dynamics have 
encouraged researchers to examine how inclusive participation 
models can contribute to long-term sustainability objectives 
while simultaneously maintaining economic continuity within the 
global palm oil industry.

Within the broader framework of sustainable development, 
the integration of smallholders into formalized and SDG-aligned 
supply chains has attracted increasing academic attention due 
to its potential contribution toward multiple development 
goals. The literature increasingly associates sustainable palm oil 
governance with SDG 1 (No Poverty), SDG 2 (Zero Hunger), SDG 
8 (Decent Work and Economic Growth), SDG 12 (Responsible 
Consumption and Production), and SDG 13 (Climate Action). 

Through improved access to formal markets, technical support, 
sustainable agricultural practices, and institutional partnerships, 
smallholder integration is often positioned as a pathway 
toward strengthening economic inclusion while supporting 
sustainability-oriented production systems [6]. This perspective 
reflects an important shift within contemporary sustainability 
discourse, where agricultural supply chains are no longer viewed 
solely through production-oriented frameworks, but also through 
their capacity to generate balanced social, environmental, and 
economic outcomes.

Despite the growing volume of research discussing 
sustainability within the palm oil sector, existing studies 
remain fragmented across different disciplinary perspectives 
and thematic focuses. Some studies primarily emphasize 
certification and traceability systems, while others focus on 
governance structures, technological adoption, rural livelihoods, 
or environmental performance. As a result, there remains a 
limited integrative understanding regarding how recent academic 
literature collectively conceptualizes smallholder integration 
within SDG-aligned palm oil supply chains. Furthermore, many 
existing discussions tend to examine sustainability dimensions 
separately rather than synthesizing the interconnections 
between governance mechanisms, productivity improvement, 
digitalization, institutional support, and inclusive development 
pathways [7]. This fragmentation creates the need for a more 
systematic synthesis capable of identifying dominant themes, 
emerging patterns, and evolving scholarly perspectives concerning 
sustainable and inclusive palm oil supply chains.

The growing importance of sustainability-oriented trade 
policies and international sourcing standards has further 
intensified the need for more comprehensive academic 
synthesis. Recent developments related to responsible sourcing 
frameworks, environmental governance mechanisms, and 
transparency requirements have encouraged supply chain actors 
to strengthen sustainability implementation while maintaining 
market accessibility for smallholders. In response to these 
evolving conditions, academic literature increasingly explores 
how collaborative governance, technological innovation, and 
institutional support systems can facilitate more inclusive 
sustainability transitions within commodity supply chains [8]. 
However, despite the rapid expansion of sustainability-related 
publications, there remains a limited systematic evaluation 
regarding the dominant trajectories, thematic concentrations, and 
strategic directions emerging from recent scholarly discussions 
on smallholder integration in the palm oil industry.

Based on these considerations, this study adopts a Systematic 
Literature Review (SLR) approach to synthesize and critically 
evaluate recent scientific discussions concerning smallholder 
integration within sustainable and SDG-aligned palm oil supply 
chains. The study focuses exclusively on peer-reviewed scientific 
literature indexed in Scopus and aims to identify dominant 
thematic patterns, governance approaches, sustainability 
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dimensions, and emerging research trends related to inclusive 
palm oil supply chain development. By systematically reviewing 
recent academic publications, this study seeks to provide a more 
comprehensive understanding of how contemporary literature 
frames the relationship between smallholder participation, 
sustainability governance, and SDG-oriented supply chain 
transformation within the palm oil sector.

The objective of this study is to analyze and synthesize recent 
scholarly evidence regarding the role of smallholder integration 
in supporting sustainable and inclusive palm oil supply chains 
aligned with the Sustainable Development Goals (SDGs). The 
review also aims to identify dominant sustainability themes, 
governance mechanisms, institutional dynamics, and emerging 
strategies discussed within recent academic literature concerning 
the future development of inclusive palm oil supply chains.

Accordingly, this study addresses the following research 
questions:

RQ1: How does recent scholarly literature conceptualize and 
evaluate smallholder integration within sustainable and SDG-
aligned palm oil supply chains?

RQ2: What dominant governance mechanisms, sustainability 
strategies, and institutional approaches are identified in the 
literature as supporting inclusive and long-term sustainability 
transitions in the palm oil industry?

Literature Review

Recent scholarly discussions concerning sustainable palm oil 
supply chains increasingly emphasize the importance of inclusive 
governance, smallholder participation, certification systems, 
and SDG-oriented sustainability transitions. The literature 
demonstrates that sustainability within the palm oil sector is no 
longer examined solely through environmental perspectives, but 
also through broader dimensions involving economic resilience, 
institutional collaboration, technological innovation, and rural 
development. Accordingly, this literature review is organized 
into several major themes, including sustainable palm oil and 
sustainability transition, smallholder integration in supply chains, 
certification and governance mechanisms, SDG alignment and 
inclusive development, as well as digitalization and emerging 
sustainability strategies within the palm oil industry.

Sustainable Palm Oil and the Evolving Sustainability 
Transition

The global palm oil industry has increasingly become part of 
broader sustainability discussions associated with responsible 
agricultural production, environmental governance, and inclusive 
economic development. As one of the world’s most widely traded 
vegetable oils, palm oil plays a strategic role in food manufacturing, 
oleochemical industries, renewable energy production, and 
global commodity markets. The rapid expansion of sustainability-
oriented trade frameworks over the last decade has encouraged 
producing countries, supply chain actors, and international 

stakeholders to strengthen sustainability implementation 
across different stages of palm oil production and distribution 
[9]. Within this evolving landscape, sustainability is no longer 
interpreted solely through environmental dimensions, but 
also through broader considerations involving social inclusion, 
economic resilience, institutional governance, and long-term 
rural development.

Recent literature demonstrates that sustainability transitions 
within the palm oil sector increasingly emphasize integrated 
governance approaches capable of balancing productivity, market 
competitiveness, and sustainability performance simultaneously 
[10]. This shift reflects the growing influence of international 
sustainability standards, ESG-oriented investment frameworks, 
and responsible sourcing commitments within global commodity 
supply chains. Several studies argue that the sustainability 
transition within the palm oil industry is increasingly characterized 
by collaborative governance involving governments, private 
companies, certification bodies, financial institutions, and local 
communities. In this context, the industry is progressively moving 
toward more traceable, accountable, and inclusive supply chain 
systems that seek to accommodate both market demands and 
development priorities.

At the same time, scholarly discussions have increasingly 
acknowledged that sustainability transitions within agricultural 
commodity systems cannot be separated from the role of 
smallholders, particularly in developing economies where rural 
livelihoods remain closely linked to commodity-based agricultural 
activities [11]. The palm oil sector presents a particularly 
important case because smallholders account for a substantial 
proportion of cultivated land and contribute significantly to 
national production capacity in countries such as Indonesia and 
Malaysia. Consequently, the inclusion of smallholders within 
sustainable supply chain frameworks has become a major focus 
within contemporary sustainability literature.

Smallholder Integration in Palm Oil Supply Chains

Smallholder integration has emerged as one of the most 
prominent themes within recent studies on sustainable palm 
oil governance. Existing literature generally conceptualizes 
smallholder integration as the process through which 
independent or scheme-based farmers become connected to 
formalized supply chain systems characterized by structured 
market access, institutional support, sustainability compliance, 
and collaborative governance arrangements [12]. This integration 
process is increasingly viewed as essential for strengthening both 
supply chain resilience and rural economic inclusion.

Several studies indicate that smallholders contribute 
significantly to national palm oil production while simultaneously 
facing structural limitations related to financing, productivity, 
technical knowledge, and market accessibility [13]. These 
conditions have encouraged researchers to examine various 
integration models designed to improve smallholder 
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participation in sustainable production systems. Partnership-
based arrangements, cooperative structures, contract farming 
systems, and certification-linked supply chains are among the 
most frequently discussed mechanisms within the literature. 
Such models are commonly associated with improved access 
to agricultural inputs, extension services, formal buyers, and 
sustainability-oriented training programs.

The literature also suggests that inclusive supply chain 
integration contributes to reducing economic vulnerability 
among rural farming communities. Through stronger institutional 
connectivity and more stable market relations, smallholders are 
often better positioned to manage price volatility, production 
uncertainty, and changing market standards. Several studies 
further emphasize that smallholder integration should not 
be interpreted solely as an economic mechanism, but also as 
part of a broader rural transformation process involving social 
inclusion, capacity building, and institutional empowerment 
[14]. This perspective reflects a growing recognition that long-
term sustainability within commodity sectors depends not 
only on environmental performance but also on the equitable 
participation of smaller producers within global value chains.

Despite these positive developments, the literature 
acknowledges that integration outcomes remain uneven across 
regions and production systems. Independent smallholders 
often face greater barriers to sustainability compliance due to 
limited access to land legality documentation, financial resources, 
technical assistance, and certification procedures. As a result, 
several scholars argue that stronger policy coordination and 
institutional support are necessary to ensure that sustainability 
transitions remain inclusive and accessible to different categories 
of producers.

Certification, Traceability, and Governance Mechanisms

Certification systems have become central components 
within contemporary discussions concerning sustainable palm 
oil supply chains. Existing studies frequently examine the role of 
sustainability certification frameworks such as the Roundtable 
on Sustainable Palm Oil (RSPO) and Indonesian Sustainable 
Palm Oil (ISPO) in promoting responsible production practices, 
traceability, and market credibility [15]. Certification mechanisms 
are commonly viewed as instruments capable of strengthening 
supply chain governance while simultaneously improving 
international market acceptance for sustainably produced palm 
oil.

The literature generally identifies several benefits associated 
with certification participation, including enhanced farm 
management practices, improved record-keeping systems, greater 
transparency, and access to premium markets [16]. Some studies 
additionally suggest that certified supply chains may contribute 
to strengthening institutional coordination among producers, 
buyers, cooperatives, and regulators. These governance 
improvements are increasingly interpreted as important 

components of sustainability-oriented commodity transitions.

However, scholarly discussions also indicate that certification 
implementation among smallholders remains complex due to 
the technical and administrative requirements associated with 
sustainability compliance [17]. Independent smallholders, in 
particular, may encounter challenges related to audit procedures, 
documentation systems, and certification costs. In response, 
recent literature increasingly emphasizes the importance of 
collective certification schemes, cooperative-based approaches, 
and multi-stakeholder assistance programs designed to facilitate 
broader participation among rural producers.

In parallel with certification systems, traceability has 
emerged as another major theme within sustainable supply chain 
governance. The growing emphasis on transparency within global 
commodity markets has encouraged supply chain actors to adopt 
digital monitoring systems, geographic information technologies, 
and traceability platforms capable of improving sourcing 
accountability. Several studies argue that traceability systems can 
strengthen market confidence while simultaneously supporting 
more efficient monitoring of sustainability commitments. 
This trend reflects the increasing integration of technological 
innovation within agricultural governance systems.

SDG Alignment and Inclusive Development

Recent academic literature increasingly positions the palm 
oil sector within the broader framework of the Sustainable 
Development Goals (SDGs). Rather than focusing exclusively 
on production efficiency or trade performance, contemporary 
sustainability discussions frequently evaluate palm oil supply 
chains according to their contribution toward poverty alleviation, 
employment generation, responsible production systems, and 
climate-conscious development pathways [18]. Within this 
perspective, smallholder integration is often interpreted as an 
important mechanism for advancing inclusive development 
objectives.

Several studies associate sustainable palm oil governance 
with SDG 1 through its contribution to rural income generation 
and livelihood improvement. Other studies link smallholder 
participation to SDG 8 by emphasizing employment opportunities, 
local economic growth, and value chain expansion in producing 
regions [19]. Meanwhile, discussions concerning sustainable land 
management, certification systems, and traceability mechanisms 
are frequently connected to SDG 12 and SDG 13 due to their 
relevance to responsible production practices and sustainability 
governance.

The literature further suggests that SDG alignment within 
the palm oil sector increasingly depends on balancing economic 
continuity with sustainability-oriented transformation. 
Scholars generally acknowledge that the palm oil industry 
remains economically significant for producing countries, while 
simultaneously requiring continuous improvement in governance 
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practices and supply chain inclusivity [20]. Consequently, many 
recent studies advocate collaborative sustainability pathways that 
integrate economic development objectives with environmental 
stewardship and social inclusion.

Importantly, the reviewed literature demonstrates a growing 
shift away from polarized debates toward more balanced analytical 
approaches. Rather than framing the palm oil industry solely 
through problem-oriented narratives, contemporary studies 
increasingly examine how institutional innovation, technological 
advancement, and governance reforms can contribute to more 
sustainable and inclusive production systems. This evolving 
scholarly perspective reflects the recognition that sustainability 
transitions within globally important commodity sectors are 
complex processes involving multiple stakeholders, competing 
priorities, and long-term structural adjustments.

Digitalization and Emerging Sustainability Strategies

Another emerging theme within the literature concerns the 
increasing role of digitalization and technological innovation in 
strengthening sustainable palm oil supply chains. Recent studies 
demonstrate growing academic interest in digital agriculture, 
precision farming, blockchain-based traceability, remote sensing 
technologies, and digital cooperative systems. These technologies 
are increasingly perceived as tools capable of improving 
operational efficiency, monitoring sustainability compliance, and 
enhancing supply chain transparency.

Several scholars argue that digital transformation may 
contribute to strengthening smallholder inclusion by improving 
access to information, financial services, agricultural extension, 
and market connectivity. Mobile-based advisory platforms, for 
example, are frequently associated with improved fertilizer 
management, pest monitoring, and productivity planning among 
rural producers [21]. Similarly, geographic information systems 
(GIS) and satellite monitoring technologies are increasingly 
utilized to improve plantation mapping, sustainability verification, 
and land management assessment.

The literature also indicates that digitalization contributes 
to the modernization of agricultural governance systems. 
Traceability platforms supported by blockchain technologies 
and digital databases are increasingly discussed as mechanisms 
capable of strengthening accountability and reducing information 
asymmetry within complex commodity supply chains [22]. In 
addition, several studies highlight that younger generations 
of farmers demonstrate higher adaptability toward digital 
agricultural systems, suggesting the emergence of generational 
transformation within rural palm oil communities.

Despite these developments, researchers also acknowledge 
that technological adoption remains uneven due to infrastructure 
limitations, digital literacy gaps, and disparities in institutional 
support. Consequently, recent literature increasingly emphasizes 
the importance of inclusive digital transition strategies that ensure 
technological innovation remains accessible to smallholders 

operating in diverse rural contexts [23]. This perspective further 
reinforces the broader sustainability principle that long-term 
agricultural transformation should prioritize not only efficiency 
and productivity, but also equitable participation and institutional 
inclusivity.

Collectively, the literature demonstrates that contemporary 
discussions on sustainable palm oil supply chains are becoming 
increasingly multidimensional, integrating governance, economic 
inclusion, technological innovation, certification systems, and 
SDG-oriented sustainability frameworks within a broader 
discourse on inclusive agricultural transformation.

Methodology

Adopting the PRISMA framework, this study employs a 
Systematic Literature Review (SLR) approach to develop a 
transparent, structured, and reproducible synthesis of scholarly 
evidence concerning smallholder integration within sustainable 
and SDG-aligned palm oil supply chains. The review process was 
specifically designed to capture recent academic discussions 
related to sustainability practices, inclusive supply chain 
governance, value chain participation, and the role of smallholders 
in supporting sustainable development objectives within the palm 
oil industry. The entire review procedure followed a sequential 
process consisting of identification, screening, eligibility 
assessment, and final inclusion, each guided by predetermined 
criteria including database selection, keyword formulation, 
publication period, and accessibility status. The study exclusively 
utilized secondary data derived from peer-reviewed scientific 
publications and did not involve primary data collection methods 
such as interviews, focus group discussions (FGD), surveys, or field 
observations, thereby maintaining methodological consistency 
with established SLR standards and ensuring the analytical focus 
remained entirely literature-based.

Figure 1 illustrates the PRISMA-guided workflow that 
systematically presents the progression of article selection from 
the initial identification stage to the final inclusion of eligible 
studies. The literature search was conducted through the Scopus 
database to ensure the inclusion of high-quality and internationally 
indexed scientific publications relevant to sustainability and 
supply chain studies. In the identification stage, the preliminary 
keyword combination “oil palm” AND “sustainability” generated 
1,269 records, reflecting the broad scope of sustainability-related 
discussions within the palm oil sector. To improve the precision and 
thematic relevance of the dataset, a more focused Boolean search 
strategy was subsequently applied using the following query: 
(“palm oil” OR “oil palm” OR “oil palm industry”) AND (“smallholder 
integration” OR “oil palm smallholder” OR “smallholder farmer” OR 
smallholder) AND (“supply chain” OR “value chain” OR “sustainable 
supply chain”) AND (SDGs OR “Sustainable Development Goals” 
OR “sustainable development” OR sustainability OR inclusion). 
Through this refinement process, 1,194 articles were excluded 
due to insufficient relevance to the defined scope of the review, 
resulting in 75 articles advancing to the screening stage.
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Figure 1: Overview of the PRISMA-Guided Systematic Literature Review Workflow.

To ensure that the review captured contemporary scientific 
discussions and recent developments related to sustainable 
palm oil governance and smallholder participation, an additional 
publication-year restriction was applied, limiting the dataset to 
studies published between 2021 and 2026. This filtering stage 
resulted in the exclusion of 27 articles that did not satisfy the 
specified publication timeframe, leaving 48 articles eligible for 
further assessment. During the eligibility stage, an accessibility 
criterion was introduced by limiting the review to articles 
categorized as open access and open archive to facilitate full-

text evaluation and analytical transparency. Consequently, 7 
articles were excluded because they did not meet the accessibility 
requirements. A final dataset consisting of 41 articles fulfilled all 
inclusion criteria and was subsequently selected for qualitative 
synthesis and thematic analysis. All references were systematically 
organized using Mendeley Desktop to ensure consistency, citation 
accuracy, and efficient reference management throughout the 
review process. The structured PRISMA-based selection pathway 
demonstrates methodological rigor and strengthens the reliability, 
transparency, and reproducibility of the review concerning 
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sustainable and inclusive smallholder integration within SDG-
aligned palm oil supply chains.

Results

Employing a PRISMA-guided systematic literature review, 
this study analyzes 41 peer-reviewed articles published between 
2019 and 2026 that examine smallholder integration within 
sustainable and SDG-aligned palm oil supply chains. The review 
identifies six major and interconnected thematic clusters: (1) 
sustainable supply chain governance and smallholder inclusion, 
(2) productivity improvement and economic sustainability, 
(3) certification, traceability, and sustainability standards, 
(4) digitalization and technological adoption, (5) institutional 
support and policy alignment, and (6) SDG contributions and 
inclusive sustainability transition frameworks.

The thematic distribution shows that sustainable supply 
chain governance and smallholder inclusion represent the 
most dominant theme, appearing in approximately 78% of 
the reviewed studies. This is followed by institutional support 
and policy alignment (≈73%), productivity improvement and 
economic sustainability (≈70%), certification and traceability 
systems (≈65%), SDG contributions and sustainability transition 
frameworks (≈60%), and digitalization and technological adoption 
(≈48%). Many studies address multiple themes simultaneously, 
highlighting the interconnected relationship between governance, 
economic inclusion, sustainability standards, and technological 
innovation within the palm oil sector.

The predominance of governance, institutional, and 
productivity-related themes reflects the continuing structural 
challenges faced by smallholders, particularly in Indonesia and 
Malaysia. These themes are widely considered essential for 
improving market access, sustainability compliance, and long-
term supply chain integration. In contrast, digitalization and 
technological adoption appear less frequently because they 
represent relatively newer approaches within sustainable supply 
chain management. Similarly, certification and traceability studies 
often emphasize persistent barriers such as financial limitations, 
technical capacity, and land legality issues among independent 
smallholders.

Overall, the reviewed literature indicates that current research 
is increasingly shifting from conventional productivity-focused 
discussions toward more integrated sustainability frameworks 
that combine economic inclusion, environmental governance, 
technological innovation, and SDG-oriented development 
objectives. The following subsections provide a detailed discussion 
of each thematic cluster based on the synthesized findings from 
the reviewed studies.

Sustainable Supply Chain Governance and Smallholder 
Inclusion

One of the most dominant findings emerging from the 
reviewed literature concerns the growing importance of 

governance mechanisms in facilitating smallholder integration 
into sustainable supply chains. Approximately 78% of the selected 
studies discussed the role of governance structures, institutional 
coordination, and stakeholder collaboration in strengthening 
sustainability implementation among independent and scheme 
smallholders [24]. Several studies indicated that smallholders 
contribute between 35% and 45% of total oil palm cultivated 
areas in Indonesia, highlighting their strategic role within 
national and global supply systems [25]. However, the literature 
also emphasized that integration into formal sustainable 
supply chains often depends on access to institutional support, 
certification programs, cooperative systems, and transparent 
market arrangements [26].

The reviewed studies showed that partnership-based 
governance models were frequently associated with higher 
productivity stability and stronger sustainability compliance 
among smallholders [27,28]. In Indonesia, plasma partnership 
schemes were reported to improve access to agricultural 
inputs, extension services, and market certainty, with yield 
productivity increasing by approximately 15%–25% compared 
to isolated independent smallholder operations [29]. Several 
studies further reported that collaborative governance involving 
governments, private companies, cooperatives, and certification 
bodies contributed to reducing supply chain fragmentation 
and strengthening traceability systems [30,31]. Within SDG-
oriented frameworks, these governance arrangements were 
increasingly interpreted as mechanisms for promoting inclusive 
economic participation while maintaining supply continuity and 
sustainability commitments.

Productivity Improvement and Economic Sustainability

Another major theme identified in the SLR relates to 
productivity enhancement and economic sustainability among 
oil palm smallholders. More than 70% of the reviewed studies 
emphasized that productivity gaps remain a central issue affecting 
income stability and supply chain integration [32]. Several articles 
reported that average yields among independent smallholders in 
Southeast Asia ranged between 2 and 3 tons of crude palm oil 
(CPO) per hectare annually, while well-managed plantations and 
supported schemes could achieve productivity levels exceeding 
4 to 6 tons per hectare [33]. This productivity disparity was 
commonly associated with differences in access to certified 
seedlings, fertilizer application, technical knowledge, financing, 
and land management practices [34].

The literature also demonstrated that replanting programs 
and technical assistance significantly contributed to productivity 
improvements. In several Indonesian provinces, replanting 
initiatives supported by government agencies and financial 
institutions reportedly increased fresh fruit bunch (FFB) 
productivity by more than 30% within the first production cycle 
after replanting [35]. Additionally, smallholders participating in 
organized supply chain partnerships experienced higher income 
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consistency due to improved pricing mechanisms and reduced 
dependency on informal intermediaries [36].

Economic inclusion was repeatedly associated with poverty 
reduction and rural development outcomes. Some studies 
estimated that the palm oil sector directly and indirectly supports 
the livelihoods of more than 16 million people in Indonesia 
alone, including farmers, laborers, transport workers, and local 
service providers [37]. The reviewed literature further suggested 
that stable market access and improved productivity among 
smallholders contribute to broader rural economic multipliers, 
including infrastructure development, local business growth, and 
employment expansion.

Certification, Traceability, and Sustainability Standards

Certification and traceability systems emerged as another 
central theme across the selected studies. Approximately 65% 
of the reviewed articles examined sustainability certification 
mechanisms such as the Roundtable on Sustainable Palm Oil 
(RSPO) and Indonesian Sustainable Palm Oil (ISPO) frameworks 
[38]. These studies generally described certification as an 
important pathway for improving market access, supply chain 
transparency, and sustainability performance among smallholders 
[39]. However, the literature also acknowledged that certification 
adoption rates among independent smallholders remain relatively 
limited due to financial, technical, and administrative barriers.

Several studies reported that certified smallholders achieved 
better market positioning and price premiums ranging from 5% to 
15% compared to uncertified producers [40]. In addition, certified 
production systems were frequently associated with better farm 
management practices, including optimized fertilizer usage, 
improved harvesting schedules, and more systematic record-
keeping [41]. Some studies further indicated that sustainability 
certification contributes to enhancing international market 
confidence, particularly in export-oriented supply chains serving 
European and global sustainability-conscious markets [42].

Traceability systems also received increasing attention 
in recent literature. Digital traceability technologies, satellite 
monitoring, and blockchain-based supply chain platforms were 
identified as emerging tools capable of improving transparency 
and accountability [43]. Several reviewed studies suggested 
that traceability integration helps companies monitor sourcing 
practices while simultaneously improving smallholder 
participation in formal supply networks [44]. In this context, 
digital traceability was often linked to SDG 12 concerning 
responsible production and consumption practices.

Digitalization and Technological Adoption

The SLR findings revealed a growing academic interest in 
the role of digitalization and technological innovation within 
sustainable palm oil supply chains. Nearly half of the reviewed 
studies published after 2023 discussed digital transformation as 

an emerging strategy for improving smallholder inclusion and 
operational efficiency [45]. Mobile applications, satellite mapping, 
geographic information systems (GIS), precision agriculture 
technologies, and digital extension platforms were frequently 
identified as tools supporting better farm management and 
supply chain coordination [46].

Several studies reported that digital advisory platforms 
contributed to increasing fertilizer efficiency by approximately 
10%–18%, while remote sensing technologies improved 
plantation monitoring and yield forecasting accuracy [47]. In 
Malaysia and Indonesia, digital cooperative systems were also 
found to reduce transaction costs and improve communication 
between farmers, buyers, and certification agencies [48]. Some 
studies further highlighted that mobile-based financial services 
increased access to microcredit among rural smallholders, 
thereby facilitating investment in replanting and productivity 
enhancement programs [49].

Technological integration was additionally associated with 
generational transformation within rural palm oil communities. 
Younger farmers were found to demonstrate higher adoption 
rates of digital farm management systems, especially in regions 
with stronger internet connectivity and institutional support [50]. 
This indicates that digitalization is increasingly perceived not 
only as a technical improvement mechanism but also as part of 
broader sustainability modernization efforts within agricultural 
supply chains [51].

Institutional Support and Policy Alignment

Institutional and policy support represented another major 
theme identified across the reviewed literature. Approximately 
73% of the selected studies emphasized the importance 
of supportive policy environments in enabling sustainable 
smallholder integration [52]. Government programs related 
to replanting subsidies, agricultural financing, land legality 
assistance, and sustainability training were repeatedly identified 
as critical enabling factors [53].

Several studies indicated that land legality remains a 
significant issue affecting certification participation and access 
to formal financing among independent smallholders [54]. In 
response, policy interventions focusing on land registration 
and legal clarification were increasingly discussed as strategic 
measures for strengthening smallholder inclusion within formal 
supply chains [55]. The literature also demonstrated that cross-
sector collaboration between governments, private companies, 
NGOs, and farmer cooperatives contributed to improving 
institutional coordination and sustainability implementation [56].

In Indonesia, the Smallholder Replanting Program (PSR) was 
frequently cited as an important policy instrument supporting 
productivity renewal and sustainable agricultural transition 
[57]. Some reviewed studies estimated that more than 300,000 
hectares of aging oil palm plantations had been included in 
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replanting initiatives in recent years, reflecting increasing 
institutional attention toward long-term sustainability and 
productivity enhancement [56]. These findings suggest that 
institutional frameworks play an essential role in balancing 
economic inclusion, supply chain stability, and sustainability 
objectives within the palm oil industry.

SDG Contributions and Inclusive Sustainability 
Transition

The final major theme identified from the SLR concerns the 
relationship between smallholder integration and the achievement 
of SDG-oriented sustainability objectives. Many reviewed studies 
framed the palm oil sector as an important contributor to rural 
development, food systems, renewable resource utilization, and 
economic inclusion when managed through sustainable and 
inclusive approaches [58,59]. SDG alignment was particularly 
evident in discussions related to poverty alleviation, rural 
employment, responsible production systems, and climate-
conscious agricultural governance [60].

Several studies highlighted that smallholder-inclusive supply 
chains contribute directly to SDG 1 through income generation and 
rural livelihood support [61]. Other studies associated sustainable 
palm oil initiatives with SDG 8 by emphasizing employment 
creation and local economic resilience in producing regions [62]. 
Environmental sustainability discussions were frequently linked 
to SDG 12 and SDG 13, particularly through initiatives related 
to traceability systems, sustainable land management, methane 
capture technologies, and supply chain monitoring.

Importantly, the reviewed literature generally adopted 
balanced analytical perspectives regarding the palm oil sector. 
Rather than portraying the industry through exclusively negative 
narratives, many studies emphasized the ongoing transition 
toward improved sustainability governance, stronger inclusion 
mechanisms, and broader stakeholder collaboration [63]. Several 
articles concluded that sustainable transformation within the 
palm oil industry is increasingly dependent on integrating 
smallholders into formalized, transparent, and SDG-aligned supply 
chains capable of balancing economic growth, environmental 
stewardship, and social inclusion [64]. Collectively, the findings 
demonstrate that smallholder integration has become a central 
dimension within contemporary sustainability discussions, 
reflecting the evolving role of the palm oil sector in supporting 
inclusive and long-term sustainable development pathways.

Discussion

This systematic literature review synthesizes evidence 
from 41 Scopus-indexed studies to address how smallholder 
integration is conceptualized within sustainable and SDG-aligned 
palm oil supply chains and to identify the dominant governance 
mechanisms and institutional strategies supporting inclusive 
sustainability transitions. The discussion is structured around 
the two research questions, followed by implications and future 

research directions. Overall, the reviewed literature demonstrates 
a converging scholarly recognition that smallholder integration is 
a multidimensional process involving governance restructuring, 
economic inclusion, technological adoption, and sustainability 
alignment within global palm oil supply chains.

Conceptualization of Smallholder Integration in SDG-
Aligned Palm Oil Supply Chains (RQ1)

The first research question examines how recent literature 
conceptualizes smallholder integration within sustainable and 
SDG-aligned palm oil supply chains. The findings indicate that 
smallholder integration is increasingly understood as a structural 
transformation process that extends beyond mere market 
participation. Instead, it reflects a systemic alignment between 
rural producers and formalized global value chains governed by 
sustainability standards, institutional coordination, and inclusive 
development objectives [65,66].

Across the reviewed studies, smallholder integration is 
commonly conceptualized through three interrelated dimensions: 
economic integration, institutional integration, and sustainability 
compliance integration. Economic integration refers to the 
incorporation of smallholders into stable market systems 
characterized by price transparency, consistent demand access, 
and improved income stability [67,68]. Institutional integration 
highlights the role of cooperatives, government programs, private 
sector partnerships, and certification bodies in facilitating access 
to resources and governance structures. Sustainability compliance 
integration focuses on adherence to environmental and social 
standards such as certification schemes, traceability systems, and 
sustainable land-use practices aligned with SDG frameworks [69].

A recurring finding in the literature is that smallholder 
integration is increasingly framed within the global sustainable 
development agenda, particularly SDG 1, SDG 8, SDG 12, and SDG 
13. This reflects a shift from traditional productivity-focused 
perspectives toward more holistic sustainability-oriented 
frameworks. Several studies emphasize that smallholder 
inclusion contributes not only to income improvement but also to 
broader development outcomes such as poverty reduction, rural 
employment generation, and environmental stewardship [70,71]. 
In this context, smallholder integration is no longer treated as an 
isolated agricultural issue but as part of a broader sustainability 
transition within global commodity systems [72].

However, the literature also reveals significant heterogeneity 
in how integration is achieved and experienced across regions. 
While scheme-based smallholders tend to benefit from structured 
partnerships and institutional support, independent smallholders 
often face barriers related to land legality, financial access, and 
compliance with certification standards. This creates uneven 
integration outcomes, suggesting that smallholder integration is a 
non-linear and context-dependent process rather than a uniform 
transition pathway [73]. Despite these disparities, the overall 
literature trend indicates increasing efforts to close integration 
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gaps through policy intervention and multi-stakeholder 
collaboration.

Governance Mechanisms and Institutional Strategies 
(RQ2)

The second research question addresses the dominant 
governance mechanisms, sustainability strategies, and 
institutional approaches that support inclusive and long-term 
sustainability transitions in the palm oil sector. The reviewed 
literature identifies four major governance mechanisms: multi-
stakeholder governance, certification-based governance, 
cooperative and partnership-based governance, and digital 
governance systems [74].

Multi-stakeholder governance emerges as the most frequently 
discussed mechanism, emphasizing collaboration among 
governments, private sector actors, NGOs, financial institutions, 
and farmer organizations. This governance model is widely 
recognized for its capacity to harmonize competing interests 
and align sustainability objectives across different supply chain 
actors. Several studies highlight that multi-stakeholder platforms 
facilitate knowledge sharing, capacity building, and coordinated 
sustainability implementation, thereby improving smallholder 
participation in formal supply chains [75].

Certification-based governance, particularly through 
frameworks such as RSPO and ISPO, is another dominant 
mechanism shaping sustainability transitions. Certification 
systems function as regulatory tools that define sustainability 
standards, monitor compliance, and enhance market access for 
certified producers. The literature indicates that certification 
contributes to improved agricultural practices, traceability 
enhancement, and increased transparency within supply 
chains. However, adoption barriers persist among independent 
smallholders due to cost, administrative complexity, and technical 
capacity limitations, highlighting the need for supportive 
institutional interventions [76].

Cooperative and partnership-based governance models also 
play a significant role in facilitating smallholder integration. These 
models typically involve contractual arrangements between 
smallholders and processing companies or intermediaries that 
provide technical assistance, financial support, and guaranteed 
market access. The literature consistently reports that such 
arrangements improve productivity stability, reduce market 
uncertainty, and enhance smallholder bargaining power within 
supply chains [77]. In several contexts, cooperative structures 
are found to strengthen collective action, enabling smallholders 
to achieve economies of scale in certification and compliance 
processes.

Digital governance systems represent an emerging strategy 
increasingly discussed in recent studies. These systems include 
blockchain-based traceability platforms, mobile agricultural 
advisory services, and satellite-based monitoring tools. The 

literature suggests that digital technologies enhance transparency, 
improve supply chain monitoring, and facilitate data-driven 
decision-making. Moreover, digital platforms are identified as 
enabling tools for bridging information asymmetries between 
smallholders and downstream actors, thereby strengthening 
integration into formal sustainability systems [78].

Sustainability Strategies Supporting Inclusive 
Transitions

Beyond governance mechanisms, the literature identifies 
several sustainability strategies that support inclusive transitions 
in palm oil supply chains. These include capacity-building 
programs, replanting initiatives, financial inclusion mechanisms, 
and sustainability certification support systems. Capacity-building 
programs are particularly important in enhancing smallholder 
knowledge regarding best agricultural practices, environmental 
management, and compliance with sustainability standards [79].

Replanting initiatives are widely recognized as a key strategy 
for improving productivity and long-term sustainability. Several 
studies report that aging plantations among smallholders 
significantly reduce yield efficiency, and replanting programs 
supported by government subsidies and financial institutions 
have been effective in improving productivity outcomes. 
Financial inclusion strategies, including microcredit schemes 
and cooperative financing models, further support smallholder 
investment in sustainable agricultural inputs and technologies 
[80].

Collectively, these sustainability strategies demonstrate that 
smallholder integration is not solely dependent on market access 
but also on broader structural support systems that address 
financial, technical, and institutional constraints. This reinforces 
the idea that sustainability transitions in the palm oil sector 
require integrated policy frameworks that combine economic, 
environmental, and social interventions.

Institutional Dynamics and Sustainability Transition 
Pathways

The literature also highlights the importance of institutional 
dynamics in shaping sustainability transition pathways. 
Institutional coordination between government agencies, private 
sector actors, and local organizations is consistently identified as 
a key determinant of successful smallholder integration. Effective 
institutions facilitate regulatory alignment, resource distribution, 
and implementation of sustainability standards across different 
levels of the supply chain [81].

In addition, policy frameworks such as national sustainability 
standards and international trade regulations are increasingly 
influencing the structure of palm oil supply chains. These 
frameworks encourage greater accountability and transparency 
while also promoting inclusive participation of smallholders in 
global markets. However, institutional fragmentation remains a 
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challenge in some producing regions, limiting the effectiveness of 
sustainability initiatives.

The findings of this systematic review have several important 
implications. From a theoretical perspective, the study contributes 
to a more integrated understanding of smallholder participation 
as a multidimensional sustainability phenomenon encompassing 
governance, institutional, economic, and technological 
dimensions. From a policy perspective, the results highlight the 
need for strengthened institutional coordination, improved access 
to certification systems, and expanded financial and technical 
support for smallholders to ensure equitable participation in 
sustainable supply chains.

For industry stakeholders, the findings suggest that inclusive 
supply chain strategies can enhance long-term supply stability 
and sustainability performance. Strengthening partnerships 
with smallholders, investing in digital traceability systems, and 
supporting capacity-building initiatives are essential strategies 
for improving sustainability outcomes across the supply chain.

Future research should focus on several areas. First, more 
empirical studies are needed to examine the effectiveness of 
digital transformation in improving smallholder inclusion 
across different geographical contexts. Second, comparative 
studies between independent and scheme smallholders could 
provide deeper insights into structural inequalities within 
supply chains. Third, future research should explore the long-
term socio-economic impacts of certification participation on 
rural livelihoods. Finally, interdisciplinary approaches combining 
sustainability science, economics, and governance studies are 
recommended to further enrich understanding of inclusive palm 
oil supply chain transitions.

Overall, this systematic review demonstrates that smallholder 
integration within SDG-aligned palm oil supply chains is an 
evolving and multidimensional process shaped by governance 
innovation, institutional support, and sustainability-driven 
transformation pathways.

Conclusion

This systematic literature review demonstrates that 
smallholder integration within palm oil supply chains has evolved 
into a multidimensional construct that is increasingly aligned with 
sustainability principles and the Sustainable Development Goals 
(SDGs). Across the synthesized literature, smallholder integration 
is consistently conceptualized as a structural transformation 
process involving economic inclusion, institutional connectivity, 
and sustainability compliance within formalized supply chain 
systems. The findings indicate that smallholders are no longer 
positioned merely as upstream producers, but as strategic actors 
within global value chains that contribute to production stability, 
rural livelihood improvement, and sustainability-oriented 
agricultural transformation.

In relation to governance mechanisms, the reviewed studies 

reveal that smallholder integration is primarily supported through 
multi-stakeholder governance frameworks, certification-based 
systems, cooperative and partnership models, and emerging digital 
governance approaches. These mechanisms collectively function 
to enhance coordination among actors, improve transparency, 
and strengthen compliance with sustainability standards. 
Among these, multi-stakeholder governance and certification 
systems remain the most established mechanisms, while digital 
governance is increasingly recognized as an emerging enabler for 
traceability and data-driven sustainability management.

The synthesis further indicates that sustainability strategies 
such as capacity building, replanting programs, financial inclusion 
initiatives, and technical assistance schemes play a critical role in 
strengthening smallholder participation within sustainable supply 
chains. These strategies address structural constraints related to 
productivity gaps, limited access to finance, and technical capacity 
limitations, thereby improving long-term integration outcomes. 
The literature consistently shows that the effectiveness of these 
strategies is closely linked to institutional coordination and policy 
support at both national and supply chain levels.

From a conceptual perspective, the integration of smallholders 
within SDG-aligned supply chains reflects a broader sustainability 
transition in which economic, social, and environmental 
dimensions are increasingly interdependent. The reviewed 
evidence highlights that smallholder participation contributes 
to multiple SDGs, particularly those related to poverty reduction, 
economic growth, responsible production, and climate action. 
However, the degree of integration remains uneven across regions 
and production systems, particularly between scheme-based 
and independent smallholders, indicating persistent structural 
disparities in access to resources and institutional support.

Overall, the findings indicate that sustainable and inclusive 
palm oil supply chains are shaped by a complex interaction 
of governance structures, institutional arrangements, and 
sustainability-oriented strategies. While significant progress has 
been made in strengthening smallholder inclusion, the literature 
emphasizes the continued need for coordinated efforts among 
stakeholders to enhance equity, transparency, and long-term 
sustainability performance across the supply chain.
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