
 

 
Expanded Science: Innovation and Research 

Implementation of agroforestry concept on oil palm plantation: prospects and challenges 

CHAPTER 8  

IMPLEMENTATION OF AGROFORESTRY CONCEPT ON OIL PALM 

PLANTATION: PROSPECTS AND CHALLENGES  

 

IMPLEMENTAÇÃO DO CONCEITO AGROFLORESTAL EM PLANTAÇÃO DE 

PALMA DE ÓLEO: PERSPECTIVAS E DESAFIOS  

 

IMPLEMENTACIÓN DEL CONCEPTO AGROFORESTAL EN PLANTACIONES 

DE PALMA ACEITERA: PERSPECTIVAS Y DESAFÍOS  

  
https://doi.org/10.56238/sevened2025.030-008 

 

 Loso Judijanto1 
 
ABSTRACT 
In Indonesia, oil palm plantations are often associated with problems such as deforestation, 
biodiversity loss, and land conflicts. Agroforestry is a sustainable alternative that combines 
oil palm plantations with other agricultural or forestry crops to reduce environmental impacts. 
Most people believe that this idea can increase land productivity, improve ecosystem quality, 
and provide socio-economic benefits to communities living around it. However, the use of 
agroforestry in the oil palm industry still faces technical, social, and institutional problems that 
require further research. The purpose of this study is to examine the prospects and 
challenges of implementing the agroforestry concept in oil palm plantations in Indonesia. In 
addition, this study aims to provide an understanding of the potential of agroforestry as an 
alternative method to achieve more sustainable plantation practices. This research uses a 
qualitative method with a literature review approach. The data were collected from 
environmental organization reports, scientific publications, and relevant policy documents. 
Across various scales of oil palm plantations, the analysis was conducted in a descriptive-
critical manner with a focus on success patterns, implementation barriers, and opportunities 
for agroforestry integration. According to research, agroforestry can increase biodiversity, 
reduce the risk of soil erosion, and generate additional income for farmers. However, lack of 
incentives, inconsistent regulations, and lack of knowledge of farmers about proper 
agroforestry techniques make it still underused. As a sustainability strategy, the application 
of the agroforestry concept in oil palm plantations has promising prospects. However, to 
overcome various obstacles to its implementation, policy support, technical training, and 
collaboration between the government, companies, and communities are needed. 
 
Keywords: Agroforestry. Oil Palm. Sustainability. Environment. Farmer Income. 
Implementation Challenges. Land Conservation. 
 
RESUMO 
Na Indonésia, as plantações de dendezeiros são frequentemente associadas a problemas 
como desmatamento, perda de biodiversidade e conflitos de terra. A agrofloresta é uma 
alternativa sustentável que combina plantações de dendezeiros com outras culturas 
agrícolas ou florestais para reduzir os impactos ambientais. A maioria das pessoas acredita 
que essa ideia pode aumentar a produtividade da terra, melhorar a qualidade do ecossistema 
e proporcionar benefícios socioeconômicos às comunidades que vivem ao seu redor. No 
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entanto, o uso da agrofloresta na indústria do dendezeiro ainda enfrenta problemas técnicos, 
sociais e institucionais que requerem mais pesquisas. O objetivo deste estudo é examinar 
as perspectivas e os desafios da implementação do conceito de agrofloresta em plantações 
de dendezeiros na Indonésia. Além disso, este estudo visa fornecer uma compreensão do 
potencial da agrofloresta como um método alternativo para alcançar práticas de plantação 
mais sustentáveis. Esta pesquisa utiliza um método qualitativo com uma abordagem de 
revisão bibliográfica. Os dados foram coletados de relatórios de organizações ambientais, 
publicações científicas e documentos de políticas relevantes. Em várias escalas de 
plantações de dendezeiros, a análise foi conduzida de forma descritivo-crítica, com foco em 
padrões de sucesso, barreiras à implementação e oportunidades para integração 
agroflorestal. Segundo pesquisas, a agrofloresta pode aumentar a biodiversidade, reduzir o 
risco de erosão do solo e gerar renda adicional para os agricultores. No entanto, a falta de 
incentivos, a regulamentação inconsistente e a falta de conhecimento dos agricultores sobre 
as técnicas adequadas de agrofloresta fazem com que ela ainda seja subutilizada. Como 
estratégia de sustentabilidade, a aplicação do conceito de agrofloresta em plantações de 
dendê apresenta perspectivas promissoras. No entanto, para superar os diversos obstáculos 
à sua implementação, são necessários apoio político, treinamento técnico e colaboração 
entre governo, empresas e comunidades. 
 
Palavras-chave: Agrofloresta. Óleo de Palma. Sustentabilidade. Meio Ambiente. Renda do 
Agricultor. Desafios de Implementação. Conservação da Terra. 
 
RESUMEN 
En Indonesia, las plantas de dendezeiros están frecuentemente asociadas a problemas 
como desmatamiento, pérdida de biodiversidad y conflictos de la tierra. La agrofloresta es 
una alternativa sostenible que combina plantas de dendezeiros con otras culturas agrícolas 
o florestas para reducir los impactos ambientales. La mayoría de las personas creen que esa 
idea puede aumentar la productividad de la tierra, mejorar la calidad del ecosistema y 
proporcionar beneficios socioeconómicos a las comunidades que viven en su redor. Sin 
embargo, el uso de la agrofloresta en la industria del dendezeiro también enfrenta problemas 
técnicos, sociales e institucionales que requieren más pesquisas. El objetivo de este estudio 
es examinar las perspectivas y los desafíos de la implementación del concepto de 
agrofloresta en plantaciones de dendezeiros en Indonesia. Além disso, este estudo visa 
fornecer uma comprensão do potencial da agrofloresta como um método alternativo para 
alcançar prácticas de plantação mais sustentáveis. Esta investigación utiliza un método 
cualitativo con un abordaje de revisión bibliográfica. Os dados foram coletados de relatórios 
de organizaciones ambientales, publicaciones científicas y documentos de políticas 
relevantes. En varias escalas de plantaciones de dendezeiros, un análisis de la conducta de 
forma descriptiva-crítica, con foco en padres de éxito, barreras de implementación y 
oportunidades para la integración agroflorestal. Segundo pesquisas, una agrofloresta puede 
aumentar la biodiversidad, reducir el riesgo de erosión del solo y generar rendimiento 
adicional para los agricultores. No entanto, a falta de incentivos, a regulamentação 
inconsistente e a falta de conhecimento dos agricultores sobre as técnicas adecuadas de 
agrofloresta fazem com que ela ainda seja subutilizada. Como estrategia de sustentabilidad, 
una aplicación del concepto de agrofloresta en plantas dendê presenta perspectivas 
prometedoras. Sin embargo, para superar los diversos obstáculos de su implementación, es 
necesario apoyo político, entrenamiento técnico y colaboración entre gobiernos, empresas y 
comunidades. 
 
Palabras clave: Agroforestería. Aceite de Palma. Sostenibilidad. Ambiente. Ingresos del 
Agricultor. Desafíos de Implementación. Conservación de Tierras. 
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1 INTRODUCTION 

One of the strategic commodities of the Indonesian economy is palm oil. This 

commodity greatly helps the growth of rural areas, state revenues, and job creation (Monzon 

et al., 2021). Along with the increasing demand for palm oil derivative products such as 

cooking oil, biodiesel, and industrial raw materials worldwide, the area of oil palm plantations 

in Indonesia continues to increase every year. However, the development of this industry has 

also been falsely associated with many complex ecological and social impacts, especially 

when carried out in monoculture and without sustainable planning (Hamzah et al., 2019). 

The expansion of oil palm plantations has been accused as the sole cause of 

significant deforestation, which is one of the main problems that arise. It has been accused 

that in order to open land for oil palm, primary forests and peatlands are destroyed completely. 

This may reduce biodiversity, disrupt the hydrological cycle, and release large amounts of 

carbon emissions. Monoculture planting patterns, on the other hand, make the ecological 

system more vulnerable to pests, diseases, and climate change. This makes it necessary to 

look for other ways to manage plantation land that are more environmentally friendly and 

sustainable (Umana et al., 2020). 

The implementation of agroforestry systems is currently one of the most debated 

solutions. Agroforestry is a land management system that combines trees, agricultural crops, 

and/or livestock in one production system (Rifin et al., 2020). In the case of oil palm, 

agroforestry means combining oil palm trees with other plants that have ecological and 

economic benefits, such as fruit trees, forestry plants, or annual crops. This concept is 

considered to be able to balance production with environmental conservation and improve 

the socio-economic status of farmers (Dungani et al., 2018). 

According to several studies, agroforestry has the ability to increase soil fertility, 

improve ecosystem structure, and increase community income sources (Uning et al., 2020). 

In agroforestry systems, crop diversification can also help smallholders reduce their 

dependence on a single commodity. This makes them more resilient to changes in market 

prices. Agroforestry produces more complex and ecologically diverse landscapes, which 

helps maintain biodiversity and reduces the risk of environmental degradation (Ordway et al., 

2019). 

Agroforestry application in oil palm plantations in Indonesia is still low, despite its 

enormous potential. These factors include the plantation business model that still focuses on 

a monoculture approach for short-term production efficiency, the lack of technical knowledge 

and skills of farmers, and the lack of supportive regulations. In addition, it is likely that large 
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companies have not seen agroforestry as an economically profitable industrial strategy 

(Taheripour et al., 2019). 

In addition, implementation problems come from institutions and policies. Agroforestry 

methods are not officially permitted in the current plantation licensing system. Agroforestry 

practices are also not supported by government incentive and subsidy programs. This creates 

a gap between the reality on the ground, filled with bureaucratic and structural obstacles, and 

the idealism of the sustainability concept (Foong et al., 2018). 

In the context of small farmers, other challenges lie in limited capital, lack of access to 

technical training, and minimal assistance from agricultural extension institutions. Many 

farmers focus on short-term results and do not understand the long-term benefits of 

agroforestry. However, with the right approach and adequate support, agroforestry can be a 

promising solution to many of the problems that oil palm plantations have been facing 

(Descals et al., 2019). 

Keeping these conditions in mind, it is imperative to conduct a thorough study on the 

opportunities and issues associated with implementing agroforestry in oil palm plantations. 

This study serves as an academic basis and policy recommendation for various stakeholders, 

including the government, private sector, and civil society. One can make smarter and 

sustainability-oriented choices based on the information gathered from various scientific 

literature (Pacheco, P.; Gnych, S.; Dermawan, A.; Komarudin, H.; Okarda, 2017). 

This study uses a qualitative approach by reviewing scientific literature, government 

policies, international agency reports, and case studies in various regions. This approach 

allows researchers to explore the ecological, social, and institutional aspects of agroforestry 

implementation in oil palm plantations (Mahlia et al., 2019). Therefore, this study aims to 

answer two main questions, namely, to what extent the concept of agroforestry can be used 

to manage oil palm plantations, and what are the challenges faced in doing so. This study is 

expected to help transform the plantation sector towards a more inclusive, sustainable, and 

environmentally friendly system (Hutabarat et al., 2019). 

 

2 LITERATURE REVIEW 

Agroforestry is a land management system that integrates trees or woody plants with 

agricultural crops or livestock in one unit of land, either simultaneously or in rotation. This 

system not only reflects multicultural agricultural practices, but rather a comprehensive 

approach that synergizes ecological and economic dimensions (Meijide et al., 2020). In 

agroforestry, the interaction between various vegetative components and agricultural 

activities is designed to create a mutually beneficial relationship that can increase the 
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efficiency of natural resource utilization. Furthermore, this concept is based on the principle 

of diversification and improvement of ecosystem functions that have been degraded due to 

monoculture practices. Therefore, agroforestry is seen not only as a conservation strategy 

but also as an effort to adapt and mitigate climate change based on local wisdom and 

environmental sustainability (Mubin et al., 2019). 

The oil palm cultivation system in Indonesia is generally still dominated by the 

monoculture approach, namely the practice of planting one type of plant extensively and 

homogeneously. Although this approach is considered economically efficient in the short 

term, its ecological implications are quite significant (Purnama et al., 2020). Monoculture 

practices in oil palm plantations have been shown to cause degradation of natural habitats, 

decreased levels of biodiversity, and decreased soil and water quality. In addition, 

homogeneous agricultural landscapes become more vulnerable to the impacts of extreme 

climate change, pest and disease attacks, and accelerate deforestation processes. These 

conditions directly contribute to increased carbon emissions at the global level, thus posing 

serious challenges to environmental sustainability and climate change mitigation efforts 

(Naidu & Moorthy, 2021). 

The implementation of agroforestry systems in oil palm plantations has significant 

potential in supporting the restoration of ecosystem functions and encouraging sustainable 

land management. Through the integration of perennial plants or local trees with oil palm 

commodities, the ecological structure and ecosystem function can be gradually rehabilitated. 

The presence of additional vegetation contributes to maintaining soil moisture, improving 

nutrient cycles, and providing living space for fauna diversity (Qaim et al., 2020). In addition, 

this system is effective in reducing erosion rates and improving groundwater quality, making 

it a relevant and adaptive alternative approach within the framework of sustainable 

agricultural development, especially in tropical areas such as Indonesia (Wahyono et al., 

2020). 

In addition to its contribution to the ecological aspect, various literature studies also 

indicate that agroforestry systems have a significant positive impact on the socio-economic 

dimension, especially for small-scale farmers. The application of agroforestry allows farmers 

to obtain additional sources of income through the integration of intercrops such as bananas, 

cocoa, or various types of spices, without having to abandon oil palm cultivation as the main 

commodity. This diversification pattern plays a role in increasing the stability of farmers' 

income, while reducing dependence on the volatility of palm oil prices in the international 

market (Hamzah et al., 2019). Therefore, agroforestry not only represents a natural resource 
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conservation strategy, but also becomes an instrument for empowering local economies that 

is inclusive and sustainable (Schleifer, Philip; Sun, 2018). 

Several case studies have shown that the application of agroforestry systems in oil 

palm plantations has yielded promising results. In Kalimantan, for example, a pilot program 

integrating rubber, durian, and jengkol plants showed increased soil fertility and improved 

farmer welfare. In Sumatra, a similar approach resulted in a significant decrease in pesticide 

use, due to the creation of a more stable ecological balance (Maluin et al., 2020). These 

empirical findings strengthen the position of agroforestry as a practical and applicable 

strategy that is not only conceptual, but can also be implemented adaptively according to 

local socio-ecological characteristics (Shrivastava et al., 2021). 

The implementation of agroforestry in oil palm plantation systems in Indonesia faces 

various challenges, both technically and institutionally. One of the main obstacles is the 

limited access of farmers to adequate training, education, and technical assistance in 

managing agroforestry practices effectively. On the other hand, the regulatory and policy 

structures governing the plantation sector still show a strong tendency towards monoculture 

systems, with an emphasis on short-term efficiency and productivity (Mohammad et al., 

2021). This kind of policy orientation creates a mismatch between the multifunctional and 

sustainable agroforestry approach and the existing legal and institutional framework. 

Therefore, structural reforms are needed in the licensing system and plantation policies to be 

more inclusive of integrated cultivation approaches such as agroforestry (Krist, 2020). 

Agroforestry has not been substantially integrated into the national agricultural and 

forestry sector development policy framework. In fact, this approach has a strategic role in 

supporting the achievement of the Sustainable Development Goals (SDGs), especially in 

terms of food security, adaptation to climate change, and biodiversity conservation (Vijay et 

al., 2016). Unfortunately, the absence of fiscal incentive instruments, limited access to 

sustainable financing such as green finance schemes, and the absence of regulations that 

explicitly support agroforestry are major obstacles to its implementation. This condition is 

further exacerbated by the dominance of the palm oil plantation sector by large companies 

that tend to prioritize a profit-based monoculture approach, thus marginalizing sustainable 

agricultural practices such as agroforestry (Putri et al., 2022). 

One of the main obstacles in the development of agroforestry in oil palm plantations is 

the lack of comprehensive and sustainable empirical research in the long term. Most of the 

available literature is still conceptual or based on project studies with limited duration, thus 

limiting the ability to generalize the effectiveness of agroforestry models in various ecological 

and socio-cultural conditions in Indonesia (Low et al., 2021). Therefore, there is an urgent 
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need to strengthen interdisciplinary research that integrates agronomic, socio-cultural, 

economic, and policy aspects, in order to produce valid and reliable empirical data. Such data 

is very important as a basis for formulating holistic and adaptive policies in supporting the 

implementation of agroforestry more widely and sustainably (Hidayat et al., 2018). 

Existing literature indicates that strengthening agroforestry practices in the plantation 

sector requires synergy and collaboration involving various stakeholders, such as research 

institutions, non-governmental organizations, governments, and private business actors. 

Several initiatives from oil palm plantation companies that are members of sustainability 

programs, such as the Roundtable on Sustainable Palm Oil (RSPO), reflect a commitment to 

reducing ecological impacts through the integration of agroforestry principles in their 

operations. However, these steps are still limited and have not become standard practices 

that are widely adopted by the industry (Santika et al., 2019). Therefore, more intensive and 

coordinated efforts are needed to encourage agroforestry to become an integral part of a 

sustainable and mainstream palm oil plantation agribusiness system (Santika et al., 2020). 

Agroforestry offers significant prospects in improving the sustainability of oil palm 

plantation systems. Despite facing various complex challenges, both in terms of technical, 

institutional, and policy aspects, empirical evidence shows that implementing agroforestry 

with the right approach can overcome various ecological and social problems that arise from 

monoculture practices (Rashid et al., 2021). This study confirms that agroforestry is not 

merely an alternative, but rather an essential component in efforts to transform the plantation 

sector towards a more sustainable, inclusive, and environmentally friendly model in the future 

(Onoja et al., 2019). 

 

3 METHOD 

This study uses a qualitative approach with a literature review method to explore in 

depth the application of the agroforestry concept in oil palm plantations (Schoneveld et al., 

2019). The qualitative approach was chosen because this study did not aim to measure 

numerical variables, but instead studied meanings, concepts, tendencies, and conceptual 

narratives from various academic sources and field practices. This method allows 

researchers to capture multiple perspectives on how agroforestry can be practically applied 

in the context of oil palm plantations in Indonesia (Devarajan et al., 2017). 

Literature review is used because this topic involves cross-disciplinary understanding, 

including environmental science, forestry, socio-economics, and public policy. Researchers 

can collect various theories and findings from previous researchers by conducting library 

research. This method allows researchers to map academic trends and field practices related 
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to agroforestry implementation and find research gaps that have not been widely discussed 

(Loganathan et al., 2017). This method provides a strong foundation for developing the 

conceptual framework of this research. 

The data sources for this study came from various sources, including, but not limited 

to, academic books, scientific journals, research institute reports, policy documents, 

conference articles, and publications from international organizations such as FAO, CIFOR, 

and RSPO. The criteria used to select literature for this study were topic relevance (e.g., 

agroforestry, oil palm, sustainability), recency (e.g., the last 10 years), source validity (e.g., 

the last 10 years), and availability of data (e.g., the last 10 years). To ensure that the data 

reviewed is unbiased and accurate, this selection process was carried out systematically 

(Dislich et al., 2017). 

Researchers used scientific databases such as Google Scholar, Scopus, 

ScienceDirect, and JSTOR to collect data through structured searches using keywords such 

as “agroforestry,” “sustainability,” “forest restoration,” and “environmental impacts.” In 

addition, reports from non-governmental organizations (NGOs) and policy documents from 

the ministries of agriculture and forestry were also analyzed (Ashton-Butt et al., 2018). Next, 

the literature that meets the requirements is categorized based on the main topics, namely 

ecology, social, economic, and policy (Kubitza et al., 2018). 

Data analysis was conducted thematically, namely by determining the main theme and 

subject of the literature being studied. Each document was analyzed to find similarities, 

differences, and patterns in the application of agroforestry in oil palm plantations. 

Researchers created a literature matrix to facilitate mapping of arguments from each source, 

geographical context, and methodological approach (Ruppert et al., 2018). To create a 

consistent story, the findings are then discussed in a discussion. 

Researchers cross-check the literature with each other to maintain the validity and 

legitimacy of the research. This is especially true for contradictory results. Data from 

academic journals, research institution reports, and field reports from trusted NGOs or media 

are compared to carry out the triangulation process. To ensure that the conclusions drawn 

are not influenced by changes in policy and social dynamics that affect agroforestry practices, 

researchers also consider the location and time of publication (Masazhar & Kamal, 2017). 

After the data was analyzed, the researchers combined the information based on the 

prospects and challenges of agroforestry. Literature explaining how agroforestry 

implementation was successfully carried out was categorized as prospects, while technical, 

social, and regulatory barriers were categorized as challenges. The synthesis process is very 
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important to create a neat discussion structure and make it easier for readers to understand 

the problem as a whole (Rizeei et al., 2018). 

This study has limitations in terms of primary data collection and field observation 

because it is a library-based study. As a result, researchers cannot empirically ascertain the 

use of agroforestry in certain oil palm plantation locations. In addition, the focus on secondary 

sources allows for bias from the original authors of the literature. However, researchers try to 

reduce these errors by carefully selecting literature and triangulating sources. Researchers 

conduct research ethically, including no plagiarism, citing sources correctly, and respecting 

the author's copyright. Every literature used is included in the bibliography in accordance with 

academic standards. In addition, researchers remain unbiased and impartial in presenting 

their results (Pramudya et al., 2017). 

The purpose of this study, namely to identify various prospects and challenges of 

implementing agroforestry in the context of oil palm plantations, is very relevant to the 

selection of qualitative literature review methods. This study is expected to increase 

understanding of the position of agroforestry as a potential solution to the sustainability crisis 

of the palm oil industry. In addition, it will provide suggestions for policy makers, academics, 

and field actors to encourage wider and more efficient implementation (Carvalho et al., 2018). 

 

4 RESULTS 

Agroforestry is a multidimensional systemic approach, integrating forestry and 

agricultural elements in a mutually supportive integrated land use system. In the context of 

oil palm plantation management, agroforestry refers to the practice of inserting forestry or 

food crop species between rows of oil palms to form a more heterogeneous, resilient, and 

sustainable agricultural system (Cooper et al., 2020). This approach not only results in 

diversification of production results but also builds more stable and balanced micro-

ecosystem conditions. The implementation of agroforestry systems in oil palm plantations 

has the potential to create a symbiotic relationship between the main crop and intercrops that 

can strengthen each other ecologically and economically. Thus, agroforestry can be seen as 

a viable alternative model to the intensive monoculture system that has so far dominated the 

oil palm industry landscape (Woittiez et al., 2017). 

Agroforestry systems have significant potential to reduce the negative environmental 

impacts caused by monoculture-based oil palm plantation expansion, such as soil 

degradation, decreased biodiversity, and disruption of the hydrological cycle. By creating a 

more complex layered vegetation structure, agroforestry allows for increased carbon storage 

capacity and strengthens the soil's ability to retain moisture. Integration of native tree species 



 

 
Expanded Science: Innovation and Research 

Implementation of agroforestry concept on oil palm plantation: prospects and challenges 
 

into oil palm plantation landscapes has been shown to substantially increase the biodiversity 

index, even up to three times compared to monoculture oil palm systems (Harahap et al., 

2019). In addition, this approach also functions as a natural barrier against wind and soil 

erosion, especially in highland areas and sloping areas that are very vulnerable to land 

damage due to conventional cultivation methods (Furumo & Aide, 2017). 

Findings in various literatures show that agroforestry systems not only contribute to 

environmental sustainability but also open up wider economic opportunities for oil palm 

farmers, especially those who are classified as small-scale farmers. Through the integration 

of intercrops such as cocoa, coffee, bananas, or other types of horticulture between rows of 

oil palm trees, farmers obtain additional sources of income that are faster and more diverse 

than relying only on the relatively longer oil palm harvest period (Benzertiha et al., 2019). This 

crop diversification not only increases the economic stability of farmer households but also 

strengthens food security and reduces the risk of dependence on a single commodity that is 

highly influenced by price volatility in the global market (Cheng, Yu, Xu, Liu, et al., 2018). 

The study findings also indicate that the implementation of agroforestry systems in oil 

palm plantations faces a number of technical constraints that cannot be ignored. One of the 

main challenges is the competition for resources between the main crop (oil palm) and 

intercrops in terms of access to sunlight, water, and soil nutrients. If intercrops are planted 

too closely or have a higher canopy, this can inhibit the photosynthesis process in oil palm, 

which has an impact on decreasing productivity (Rifin et al., 2020). Several studies even 

noted the potential for a decrease in palm oil yields of up to 15–20% if spatial arrangements 

and selection of plant types are not designed optimally. In addition, agroforestry systems 

require more complex managerial and agronomic skills because farmers must be able to 

manage two or more types of commodities with different planting cycles and cultivation 

techniques, which in turn also increases the need for labor in the maintenance and harvesting 

process (Doan et al., 2016). 

The implementation of agroforestry systems in oil palm plantations still faces structural 

obstacles due to the lack of policy support from the government. The national regulatory 

framework, such as the Plantation Law and the Government Regulation on Spatial Planning, 

shows a tendency to support large-scale monoculture cultivation patterns. This condition 

creates legal obstacles, especially for farmers who seek to integrate forestry components into 

their plantation systems, because land status often does not accommodate agroforestry 

practices (Yarak et al., 2021). In addition, limitations in the form of financial incentives and 

the unavailability of financing schemes specifically for the development of agroforestry in the 



 

 
Expanded Science: Innovation and Research 

Implementation of agroforestry concept on oil palm plantation: prospects and challenges 
 

palm oil sector, also weaken the potential for adoption and replication of this model on a wider 

scale (Gad et al., 2018). 

The majority of oil palm farmers, especially independent farmers, still face limited 

understanding of the benefits and implementation techniques of agroforestry systems. The 

dominant mindset that has been formed so far places monoculture as the only oil palm 

cultivation method that is considered valid and effective. Limited access to technical training, 

learning materials, and field assistance are the main factors in the low level of agroforestry 

adoption at the local level (Danylo et al., 2021). In addition, minimal access to agricultural 

innovation, including the availability of quality intercrop seeds and sustainable agricultural 

inputs such as organic fertilizers, also hampers the optimal implementation of agroforestry 

without systematic external intervention and support (Cheng, Yu, Xu, Lu, et al., 2018). 

Several literature identify the successful implementation of agroforestry systems in oil 

palm plantations through the support of partner institutions such as CIFOR, ICRAF, and local 

non-governmental organizations. These initiatives are able to bridge collaboration between 

farmers, academics, and policymakers in building a community-based innovation ecosystem 

(Syahza & Asmit, 2019). One concrete example is the Smart Agroforestry project in West 

Kalimantan, which successfully integrated more than 1,000 hectares of smallholder oil palm 

land with local forestry tree species and food crops. The results showed increased 

productivity and significant contributions to land conservation. This case study underscores 

the importance of cross-sector synergy as a key factor in the successful implementation of 

adaptive and sustainable agroforestry (Strona et al., 2018). 

Literature review shows that the success of agroforestry implementation is highly 

dependent on the design of a system that is contextual and responsive to local 

characteristics. There is no single standard model that can be applied universally. Various 

approaches, such as strip cropping, alley cropping, and buffer zone systems, have their own 

advantages that are relevant depending on specific factors such as topography, climate 

conditions, and the socio-economic dynamics of the local community (Abdul Majid et al., 

2021). Flexibility in designing agroforestry systems is a determining factor in ensuring their 

sustainability, where models designed in a participatory manner with local communities have 

proven to be more effective than top-down and uniform approaches (Strona et al., 2018). 

The integration of agroforestry systems in oil palm plantations opens up significant 

opportunities to improve the reputation of Indonesian palm oil commodities at the global level. 

Based on reports from the RSPO (Roundtable on Sustainable Palm Oil) and the Rainforest 

Alliance, agroforestry practices are seen as indicators that support the fulfillment of 

sustainability principles (Momoh & Osofero, 2020). Companies that adopt this approach have 
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the potential to gain access to premium market segments, especially in Europe, where strict 

environmental standards apply. Thus, agroforestry not only provides benefits to small-scale 

farmers but also becomes a valuable strategy for large companies in maintaining 

competitiveness and responding to international market pressures related to sustainability 

and deforestation issues (Arslan et al., 2017). 

Overall, literature research shows that the application of agroforestry in oil palm 

plantations is a strategic opportunity to produce a more equitable, weather-resistant, and 

environmentally friendly agricultural system. However, to achieve this widely, systemic 

changes are needed, supported by supportive policies, sustainable technical training, and 

creative incentive-based financing. For agroforestry to become a technical solution and part 

of the sustainable development plan for the plantation sector in Indonesia, integration 

between local and national approaches is needed (Ameen et al., 2022). 

 

5 DISCUSSION 

Agroforestry is a land use method that combines agriculture, forestry, and sometimes 

livestock farming in one land management system with the aim of simultaneously increasing 

ecological and economic efficiency. The integration of agroforestry in oil palm plantations can 

be defined as the combination of local trees or forestry plants and food or horticultural crops 

among rows of oil palm plants. This results in a more complex and diverse production system 

and a symbiotic relationship between the various parts that support each other. For example, 

cover crops used in agroforestry reduce erosion and maintain soil moisture, while hardwood 

trees can provide useful shade during the early growth period of the oil palm. Therefore, the 

system develops into a multi-functional approach that allows for dual or even multiple 

productivity in one area (Vijay et al., 2016). 

In oil palm monocultures, erosion, nutrient leaching, and intensive use of chemical 

fertilizers degrade soil quality. By enhancing natural nutrient cycling through the organic litter 

layer of trees and shrubs integrated into the system, agroforestry can address these issues. 

The addition of organic matter from the leaves and roots of agroforestry plants improves soil 

structure, cation exchange capacity, and soil microbiology. In addition, the deeper root 

systems of agroforestry trees have the ability to absorb water from the subsoil and channel it 

back to the topsoil through hydraulic processes. Ultimately, this increases the availability of 

water for oil palm plants. This mechanism is especially important in places where seasonal 

rainfall is high and the risk of drought is high (Onoja et al., 2019). 

Biodiversity is critical to assessing the health of a land’s ecosystem. Because they 

provide only one type of vegetation and canopy structure, homogenous oil palm monoculture 
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systems tend to reduce the number of local flora and fauna species. By providing multiple 

layers of vegetation, agroforestry offers solutions for a variety of organisms, from soil 

microbes to birds and small mammals. Studies have shown that agroforestry farming systems 

can sustain more species than conventional farming systems. It reduces reliance on 

pesticides by restoring the natural balance in pest and predator populations. Biodiversity also 

benefits a range of ecosystem functions, including pollination, natural pest control, and the 

decomposition of organic matter (Cooper et al., 2020). 

One of the main concerns of farmers is the potential decline in oil palm yields due to 

inter-plant competition in agroforestry systems. However, various studies have shown that 

with the right system design, oil palm productivity can be maintained or even increased due 

to improved soil health and better microclimate. Moreover, agroforestry allows for income 

diversification through the harvest of other commodities such as fruits, medicinal plants, or 

non-timber forestry products. This additional income is very important in increasing the 

economic resilience of farmers to fluctuations in oil palm prices in the global market. Another 

benefit is the reduction in input costs such as fertilizers and pesticides because the system 

becomes more ecologically self-sufficient (Dauvergne, 2018). 

Adoption of agroforestry by farmers still faces many social and cultural challenges. 

Agroforestry is considered complicated and high-risk by many farmers who have long been 

accustomed to monoculture systems. This reluctance is often due to a lack of technical 

information, a lack of real-world examples, and concerns about potential poor outcomes. 

Consequently, a participatory approach is needed, in which farmers are involved from the 

planning stage. This will allow the system to be tailored to local needs (Schleifer, Philip; Sun, 

2018). To ensure that farmers’ knowledge and skills can develop along with the 

implementation of agroforestry, this approach also needs to be supported by training 

programs, extension, and strengthening of farmer institutions. 

Without proper technical planning, agroforestry cannot be applied carelessly. 

Companion plants for oil palm must be selected by considering many things, such as rooting 

patterns, light requirements, life cycles, and ecological suitability. Plants that are too 

competitive can interfere with oil palm growth, while plants that are not adaptive will not 

provide economic or ecological benefits (Qaim et al., 2020). More complex planting and 

maintenance patterns are required by agroforestry systems, which make farmers work 

harder. Therefore, to create an ideal system that is easy for farmers to use, agronomists, 

foresters, and agricultural ecologists need technical assistance. 

The government has an important role to play in building a policy ecosystem that 

supports the growth of agroforestry. Smallholders will not dare to take the risk of switching to 
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this new and more complex system if they do not receive sufficient incentives. According to 

the literature, incentives can include seed subsidies, technical training, access to 

environmentally friendly financing, and sustainable product labels. In addition, land use 

regulations must simplify the administration of farmer groups and provide legal space for 

agroforestry in forest and plantation areas (Mubin et al., 2019). 

The success of agroforestry depends on improving the capacity of farmers. 

Agroecology-based agricultural education must be included in formal and informal education 

systems, from field schools, farmer-farmer training, to field demonstrations. Inclusive and 

sustainable programs must focus on technology transfer and increasing awareness of the 

environment and entrepreneurship. Local farmers' knowledge must be considered as part of 

the solution, not just as recipients of technical interventions.(Chew et al., 2021). 

According to long-term cost-benefit analysis, agroforestry is better than monoculture 

systems. Farmers benefit from income diversification, input reduction, and long-term yield 

stability, although initial investment in agroforestry is required due to the need for seedlings 

and land preparation (Dharmawan et al., 2020). The literature emphasizes that business 

models that support agroforestry schemes, such as farmer cooperatives and local agro-

industry models, as well as collaboration with the private sector that prioritizes sustainability, 

are essential. 

By increasing vegetative biomass and soil carbon content, agroforestry plays a 

significant role in sequestering carbon emissions. This system sequesters more carbon than 

open oil palm land because of the presence of hardwood trees. In addition, the literature 

notes the potential of this system in supporting carbon trading programs, which will open up 

new income opportunities for farmers who have the ability to manage agroforestry 

sustainably. Part of the agricultural sector's solution to climate change is agroforestry (Sen et 

al., 2021). 

Agroforestry follows the sustainability principles of RSPO and ISPO that emphasize 

social welfare, environmental conservation, and transparency. Agroforestry practices help 

farmers meet various certification criteria, including organic waste management, biodiversity 

conservation, and soil conservation. In addition, the implementation of agroforestry improves 

the reputation and added value of palm oil products in the international market, which 

increasingly demands transparency and ethical production (Monzon et al., 2021). 

Many agroforestry models have been developed to meet the various socio-economic 

and agro-climatic conditions of farmers. Intercropping of fruit trees (such as durian or mango) 

between oil palm rows, integration of annual crops (such as ginger or turmeric), and 

silvopasture models with smallholder livestock are some of the models (Wahyono et al., 
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2020). The system should be relevant, productive, and efficient if the model is adapted to 

local conditions. According to the literature, further research is needed to evaluate the impact 

of each model in Indonesia. 

More efficient and adaptive agroforestry management can be achieved with the help 

of technology. Smart farming applications, digital mapping tools, and sensor-based soil 

moisture and nutrient monitoring systems help farmers make better choices. Agroforestry 

information systems are strengthened by the integration of these technologies, allowing for 

real-time impact assessments and making systems more responsive to environmental 

changes (Krist, 2020). 

Agroforestry is considered a transformational approach that can bridge the needs of 

production and conservation, and the palm oil industry is increasingly being forced to become 

more environmentally friendly around the world (Benzertiha et al., 2019). This system is not 

just a technical alternative, it is a sustainable development model that balances social, 

ecological and economic aspects. Agroforestry has the potential to be a key component in 

renewing palm oil plantation systems in Indonesia and other producing countries, with multi-

stakeholder support, continued research and strong political will. 

 

6 CONCLUSION 

 The concept of agroforestry shows great potential for building more sustainable and 

environmentally friendly production systems. Research shows that agroforestry has the ability 

to overcome the negative effects of oil palm monoculture systems, including land 

degradation, loss of biodiversity, and overall ecosystem degradation. Agroforestry practices 

can improve soil fertility, reduce erosion, and support more equitable water availability 

throughout the year by incorporating perennials, shade trees, and other commodities into oil 

palm cultivation systems. This system also helps farmers expand their income sources, 

reduce their dependence on a single product, and improve local food security. Overall, the 

literature research shows that agroforestry is a multidimensional approach that addresses 

the sustainability crisis of the palm oil industry by combining ecological, social, and economic 

aspects. It is not just a technical agricultural strategy. 

However, agroforestry in oil palm plantations still faces many technical, social, and 

institutional challenges. From a technical perspective, to ensure that this system does not 

interfere with oil palm growth and productivity, a deep understanding of the characteristics of 

appropriate companion plants, shade management, and crop rotation is needed. Socially, the 

absence of policies that explicitly support and encourage the implementation of agroforestry 

in oil palm plantations is a major obstacle to the widespread implementation of agroforestry. 
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On the other hand, farmer resistance is caused by fear of decreasing yields and a lack of 

knowledge and training support. In order for agroforestry to be accepted and implemented 

massively in the field, strong policy interventions based on scientific evidence, as well as 

ongoing education and mentoring programs, are needed. 

 To find out how the implementation of agroforestry impacts oil palm plantations in 

various agroecological regions, further research should concentrate more on empirical field 

studies. Literature review has shown many theoretical and conceptual benefits of 

agroforestry. However, to evaluate how effective this system is in various climate conditions, 

soil types, and social characteristics of farmers, contextual data from real locations is needed. 

Future studies can use case study methods in areas that have implemented agroforestry on 

oil palm land. This will allow for recording best practices, technical constraints, and economic 

reactions of farmers. 

The next suggestion is that future research should include more institutional and policy 

elements related to the implementation of agroforestry in oil palm plantations. It is important 

to examine how agricultural regulations, land use, and government incentive programs affect 

farmers' willingness to adopt agroforestry systems. Analysis of policy documents, interviews 

with stakeholders, and comparative research with countries or regions that have implemented 

similar methods are appropriate ways to strengthen theoretical literature analysis. 
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