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A Review of Environmental, Social and Economic Sustainability of Oil Palm Plantations in Arunachal Pradesh, India

Abstract
This paper reviews the sustainability of oil palm plantations in Arunachal Pradesh, India. This reviews the aspects of environmental, social and economic sustainability of oil palm plantation in existing literature from the year 2000 to 2024. This document also includes tips for enhancing plantation sustainability. The review entails an analysis of existing literature and studies in the fields of environmental, social, and economic sustainability, primarily from South-East Asia but also from India. There are also recommendations for sustainable oil palm practices at the planning, policy, and implementation levels. The review shows that expansion of oil palm plantation in the state might impact the rich biodiversity of the state. It also shows that there is a correlation between the expansion of oil palm plantation and declining of forest cover in the state. Socially, while study suggests that oil palm has improved the income of the small holders, oil palm is expected to have a large number of labourers from outside the state and this gives rise to the issue of human rights, dignified life and standard of living problems. Further oil palm plantation could also impact the rich and unique culture of the tribals inhabiting the state. Economic sustainability has been assumed based on the literature available outside the state and it is expected that the oil palm will improve the living standard of the farmers. Therefore, It is believed that oil palm sustainability benefits from biodiversity and environmental management, sustainability certification, and employment policy reviews. 
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1. Introduction
Oil palm (Elaeis guineensis) is a forest palm species native to the tropical regions of West and Central Africa. It naturally occurs in tropical rainforests receiving annual rainfall of about 1,780–2,280 mm and temperatures ranging from 24–30 °C, with seedling growth inhibited below 15 °C. The species grows best in disturbed forests and along riverbanks and performs poorly under dense, closed canopies (Corley and Tinker 2003).
In recent decades, oil palm has emerged as a highly lucrative crop in ecologically suitable regions, particularly across Southeast Asia. In Indonesia, it contributes substantially to both national and regional economies, leading to the designation of extensive forest areas for oil palm expansion, notably in Sumatra and Kalimantan (Casson 2000), and more recently in Papua Province (Sheil et al. 2009).
Oil palm cultivation has played an important role in improving livelihoods in many rural areas. In comparison with other forms of agricultural land use, oil palm provides higher labor productivity, along with additional advantages such as shorter fallow cycles and substantially lower labor demands (Rist, Feintrenie, & Levang, 2010). Studies indicate that oil palm farming can generate considerable social and economic benefits that support sustainable livelihoods, at least in the short term, without causing severe degradation of the local natural resource base (Laschinger, 2013). It has contributed to poverty reduction and serves as a key livelihood strategy through both smallholder farming and labor migration pathways (World Bank, 2007).
Research in the social sciences has examined the relative costs and benefits experienced by households engaged in oil palm production, both as smallholders and as wage laborers (Obidzinski et al., 2012), as well as in comparison with alternative cash crops (Rist et al., 2010). Overall, these studies suggest that oil palm cultivation can support rural development by delivering positive economic outcomes for local communities. Nevertheless, substantial adverse social consequences have also been documented, including land tenure disputes, the erosion of access and ownership rights, and conflicts linked to labor migration and exploitative working conditions (McCarthy, 2010). In this context, the sustainable livelihoods framework offers a useful analytical approach for assessing the long-term viability of oil palm cultivation for local livelihoods (Laschinger, 2013).
Oil palm has also been associates with the declining ecological richness of country at South-East Asia. Further, study conducted in Mizoram shows how oil palm plantation has decreased the species diversity of those areas engaged in oil palm plantation and it is leading to ecosystem degradation (Mandal et al., 2016).
In Arunachal Pradesh oil palm cultivation began in 2012 (Mongabay India, 2022), marked by the establishment of nurseries and corporate offices by private companies in Lower Dibang Valley that year, followed by East Siang district in 2014. By April 2023, the state had approximately 6,500 hectares under oil palm cultivation (Department of Agriculture, Government of Arunachal Pradesh). Furthermore, the ICAR–Indian Institute of Oil Palm Research (IIOPR) reassessment committee in 2020 identified 133,311 hectares across 11 districts—Changlang, East Kameng, East Siang, Lohit, Lower Dibang Valley, Lower Subansiri, Papumpare, Tawang, Tirap, West Kameng, and West Siang—as suitable for oil palm cultivation.
In this article we shall discuss about the sustainability of oil palm plantation in Arunachal Pradesh. “To assess the sustainability of oil palms, an appropriate sustainability model revolving around the triple bottom line consisting of environment, social and economic is required” (Sutton., 2004). The sustainability of oil palm plantation has been measured in various way in different region for different purpose. Therefore, it is essential to choose a holistic variable to measure the sustainability of oil palm plantation in Arunchal Pradesh. This study will thus, we shall take economic, social and ecological variables to measure the sustainability of oil palm (Tang et al., 2019).
Furthermore, since Aruanchal Pradesh is a biological hotspot region with rich diversity of flora and fauna and since the richness of biological diversity in the state has been associated with the rich culture and custom of the tribal society inhabiting in the state. 
Therefore, it is essential that a study is conducted on the sustainability of oil palm plantation in the state. This study will thus provide an assessment on the potential impact of oil palm plantation on the environmental, social and economic sustainability on the state after reviewing wide range of scientific literature. 
2. Methodology
This article is a review article which examines the sustainability of oil palm plantation in Arunachal Pradesh, India. It includes thorough review of articles, reports, and data collected from the official reports about the environmental, social and economic sustainability of oil palm plantations.
The review incorporates research produced between 2000 and 2024 to assess the sustainability of oil palm plantations in Arunachal Pradesh. The literature study takes a macro approach, looking at the sustainability of regional, national, and international oil palm development. The study also includes individual cases drawn from various government and scientific reports to demonstrate the unique involvement in oil palm plantation. The recent statistical data published by Agriculture Department, Government of Arunachal Pradesh and Forest Survey of India has been used to portray the current trend of oil palm’s status in the state and the status of forest cover of the state over the past decades.
To ensure the trustworthiness of this review, the scientific literature has been prioritized and extensively used throughout this paper, with the exception of presenting the most recent secondary data. For example, consider the state's oil palm status and the trend in forest cover. In such circumstances, official figures issued by various government agencies were used.
Since, no work has been carried out in the states' condition related to oil palm plantation, the review ascertains the reports published by governmental organisation and non-governmental organisation. The latest government policies and news articles related to oil palm plantation in the state were also taken into consideration.
From the literature review, the major environmental, social and economic problems have been identified. Due to the lack of study conducted on the sustainability of oil palm in the state of Arunachal Pradesh, literature related to South East Asia and Mizoram has been analysed for the sustainability of oil palm in the state. The literature ends with recommendations on improving the sustainability of oil palm plantations and the limitations of this study.
3 Result & Discussion
3.1 Environmental Sustainability 
3.1.1 Biodiversity
[bookmark: _GoBack]Oil palm in South East Asia has been linked to the declining biodiversity. For instance, one of the most iconic species in Indonesia and Malaysia has inadvertently impacted by the tropical deforestation caused by oil palm expansion. The 'Bornean orangutan,' which can only be found on the Borneo island, is now critically endangered. Its population has dropped dramatically, owing mostly to habitat loss (induced by logging and oil palm plantations), illicit hunting, and fires. The main drivers of orangutan habitat loss and degradation in Borneo are the rapid expansion of the oil palm industry, notably large-scale plantations, as well as government-mandated smallholder projects. 
Study conducted in South East Asia states that “oil palm plantations contain lower species diversity and abundance for most taxonomic groups when compared to the natural forests” (Savilaakso et al., 2014). Further a study conducted in Indonesia suggests that, “oil palm plantations do not support the biodiversity of the native forests. Only few of the species in native forests may survive with the palm plantations, and the biological community get dominated by invasive and generalist species” (Petrenko et al., 2016)
In case of India, a study conducted at Mizoram showed that, “in the hills of northeast India, monoculture plantations of oil palm provided inferior quality habitat then the traditional shifting agriculture landscape. Plantations, particularly of oil palm, involve the near-total removal of native trees and bamboos, contributing to lower canopy cover and less-developed habitat structural attributes. The diversity and density of forest birds was similarly lower in plantations than in the jhum landscape” (Mandal et al., 2016). 
However, some study outside the country suggest that the oil palm plantation does not necessarily leads to degradation of biodiversity. A study conducted in Colombia, suggested that “only few areas where oil palm plantation was expanded were detrimental to threatened fauna and hence should be avoided, but in general, there is minimal overlap between suitable areas of oil palm production and threatened vertebrate distributions” (Ocampo-Peñuela et al., 2018). Thus, showing us that the oil palm plantation can be accommodated in the biologically rich regions of India as well.
“In Arunachal Pradesh, its forest constitutes a major portion of Eastern Himalayan, ‘Global Biodiversity Hotspot’ with immensely rich floral and fauna species including many Endemic species. The State of Arunachal Pradesh has 65882 sq.km of area under forest and trees cover which is 78.67% of its total geographic area as per the Forest Survey of India’s Status of Forest Report-2023.  Arunachal Pradesh constitutes about 20% of the Country’s fauna including, Mammals: 210 species, Primates: 10 species, Birds: 850species, Reptiles: 115 species, Amphibians: 50 species, Fishes: 215 species and Butterflies: 900 species. And the State is also having about 25% floral species, including flowering plants: about 5000 species, Rhododendrons: 75species, Medicinal plants: 500 species, Bamboos: 45species, Canes (Rattans): 17species, Timber yielding trees: 45species, Orchids: 600 species” (Department of Environment Forest and Climate Change, Government of Arunachal Pradesh).
Arunachal Pradesh currently has about 6500 ha. of its geographical area under oil palm plantation and Government of Arunachal Pradesh is striving to achieve the target of 40,000 ha. by 2026 (National Mission on Edible Oil-Oil Palm- 2021). However, the growth of oil palm area along with the potential area suitable for oil palm plantation in Arunachal Pradesh overlaps with the number of protected areas designated for the conservation of biodiversity. For instance, Protected area such as Pakke-Kessang Tiger Reserve and Daying Ering Memorial Wildlife Sanctuary are located at the areas designated potentially suitable areas for oil palm plantation.
Further, based on the learnings from the impact of oil palm on the declining diversity of species within the plantation area. The expansion of oil palm within the state should be carried out only after proper Environmental Impact Assessment and ground truthing of the ecologically sensitive area.
3.1.2 Deforestation
In South-East Asia, study conducted on oil palm and its impact on deforestation has been painted in a very negative tone. It stats that “over half of the expansion of oil palm between 1990 and 2005 occurred at the expense of forest and the rate of forest clearance for oil palm is increasing even higher.  For instance, in Malaysia at least 1,040,000 ha of forest were converted to oil palm from 1990 to 2005, which accounted for 94% of the total extent of the nation’s deforestation (of secondary forests and timber plantation forests) during that period 1,109,000 ha” (FAO 2009). 
More recently, a study conducted at Indonesia stated that, “the proportion of plantations derived from non-forest land increased, including notably the proportion from agriculture land, which increased from 22.1% in the 1995–2000 period to 37.9% in the 2010–2015 period. Nationwide, approximately one-fifth of oil palm plantations in each period expanded on peat lands. As the total area of expansion increased, the total area of expansion onto peat doubled, from 305 kha during 1995–2000, to 619 kha during 2010–2015. Most the peat areas converted to oil palm were in the secondary forest, swamp, and swamp scrubland classifications” (Austin et al., 2017).
In case of Arunachal Pradesh, there is no work done regarding impact of oil palm plantation on its forest cover. However, based on various government reports, data available and work done on land use and land cover we can speculate the trend and consequences of oil palm plantation on the forest cover. As per the data from Department of Agriculture, Government of Arunachal Pradesh, oil palm plantation in the state has grown steadily and as of 2023, the state has an area of about 6500 ha. (fig 1). Further, as per the data from Indian State of Forest Report (2011-2023) published by Forest Survey of India,  the forest cover of more than 30% canopy density has been in continuous decline (fig 2) during the same time  period of oil palm plantation area's continuous expansion. This shows a correlation between the declining trend of forest cover in the state and the increasing area under the oil palm plantation.

      Source: Department of Agriculture, Government of Arunachal Pradesh.
Fig 1: Expansion of area under oil palm plantation from 2015-2023


Source: Indian State of Forest Report, Forest Survey of India
Fig 2: Area under forest cover in Arunachal Pradesh.
Though we do not have any study conducted suggesting that oil palm plantation is the cause for the declining forest cover of Arunachal Pradesh. The study conducted outside the state suggest that oil palm plantation has been a major reason for declining forest cover of South East Asia. Bassed on the study conducted on changing land use and land cover pattern of Pasighat (East Siang). The study concluded that the dense forest area declined from 7603.2 ha in 2013 to 5799.24 ha in 2023. Which were converted into lighter vegetation cover, agricultural land and built-up areas (Borah et al.,2024). This reduction of dense forest has led to concerns about ecological degradation due to expansion of cultivated land and deforestation. The reason behind this decline was because of rapid increase in population, expanding agricultural activities and increasing deforestation. The rise of Agricultural land and built-up area are predominant and this raises concerns for overgrazing, deforestation and environmental degradation, such as soil erosion and loss of biodiversity (Borah et al.,2024). As per the recent scheme of Government of India (National Mission on Edible Oil- Oil Palm- 2021), proposing an expansion of area under oil palm in the state to 40,000 ha. by the end of 2026. Thus, it is evident from the study conducted outside Arunachal Pradesh that the expansion of oil palm in the state could further impact the forest cover of the already declining forest cover of the state. 
3.2 Social Sustainability 
“Oil palm cultivation has been portrayed as one of the main sources of employment and income, it is of interest to examine the extent of its contribution to the social sustainability of Malaysia” (Tang et al., 2020). At a glance, “the expanding oil palm sector is seen to have contributed significantly in employment. However, in reality as of May 2017, 77% of the plantation workers were foreign workers. The dependency of the Malaysian oil palm sector on foreign workers makes it vulnerable to policy changes in employment of foreign workers and fluctuation in the value of Ringgit Malaysia” (Borneo Post Online, 2017).
Similarly, Government of India has introduced oil palm plantation in Arunachal Pradesh to enhance the living standard of the farmers by increasing their source of income and employment (NMEO-OP 2021). In reality, the state heavily relies on government jobs, which are now nearly saturated, while the informal sector, mainly supported by the migrant workers from neighbouring states, remains a crucial employment source. (Thapa et al,.2024). Informal sectors including agriculture labour market and employment in oil palm plantation remains the same.
Further migranted workers engagement could lead to various social and human rights issues. Thus, informal workers facing issues such as long working hour, low daily income and poor living condition (Thapa et al,.2024).
Oil palm plantation in Arunachal Pradesh, is led by various government schemes and the state has been classified in 4-factory zones. The owners of oil palm plantation are supposed to sell their FFB only to the designated mills of the factory zone.  In Arunachal Pradesh, there is only two mills set up by two private companies i.e., Patanjali Food Ltd. and 3F Oil Palm Agrotech Pvt. Ltd. (Department of Agriculture, Government of Arunachal Pradesh).
Additionally, a distinct survey of supported smallholders in Terengganu reported that involvement in the oil palm smallholder schemes has beneficial effects on participants’ livelihoods by increasing income and consequently improving their quality of life (Abazue et al. 2015). However, these findings do not fully correspond with those of Majid Cooke et al. (2011), who suggested that independent smallholdings may be more effective than government-led schemes in encouraging participation and enhancing revenue generation. Nevertheless, oil palm smallholders continue to record yields that are considerably lower than those achieved by commercial plantations (Nagiah and Azmi 2012).
Further, oil palm in Arunachal Pradesh was to be introduced in the wasteland areas and as per the wasteland atlas of India, shifting cultivation area has also been considered part of wasteland. However, shifting cultivation holds a significant position in the culture of the people of Arunachal Pradesh. For instance, The Adi community maintains strong identity ties with swidden cultivation, and their cultural calendar is largely shaped by festivals and rituals rooted in this practice. Embedded in ancestral veneration and ceremonies intended to appease deities associated with weather and fertility, the calendar plays a key role in marking significant stages with the swidden cycle. On one hand, these rituals functions as vital mechanism for social cohesion, particularly within a livelihood system that depends heavily on collective effort, as is a characteristic of shifting cultivation. On the other hand, they possess intrinsic cultural significance, contributing to a strong sense of identity and attachment to the place. Alongside other socio-economic influences, these factors may play a crucial role in sustaining swidden practices in the district (Sagar et al., 2019).
3.3 Economic Sustainability
Oil palm is known for its economic viability around the globe. However, no work regarding economic viability of oil palm plantation has been conducted in Arunachal Pradesh. Thus, the work done in Mizoram is the closest reference which we can look into.  As per the study conducted on economic viability and prospect of oil palm plantation in Mizoram it has been stated that the economic prospect of oil palm plantation in Mizoram is high (Sati, V. P. (2023).
However, the price of oil palm FFB is highly volatile and prone to changes due to various national and internation issues also variable with every change of the season. Therefore, oil palm FFB prices peaks between April and May and hit its lowest in October. There    is    a    positive    and significant correlation existing between market arrivals and prices in markets.   Understanding these   patterns   are crucial   for   effective decision-making by farmers, traders, and policymakers (Muneer et al., 2024).
4. Conclusion, Recommendation & Limitations
The review looks into the sustainability of oil palm plantation by comparing the planation in different countries and states to that of Arunachal Pradesh's. Thus, the environmental sustainability of oil palm outside India shows that oil palm has led to severe environmental losses, such as, biodiversity loss, deforestation and land cover change and its impact thereafter (Tang et al. 2020).
Since oil palm is relatively new in the state, the past and the current status of oil palm outside the state with similar geographical environment and socio-economic condition should serve as the guide for future references to oil palm plantation in the state. Oil palm in South East Asia has flourished because of its economic success. However, it is also linked to various environmental issues and manging biodiversity loss is essential for a sustainable oil palm ecosystem. Thus, measures such as animal corridor linking protected areas mat help minimize the human-animal conflict. Further, the Environmental Impact assessment is essential to ascertain the ecological vulnerability of oil palm plantation and Indigenous Knowledge system should be used for better management of the local environment condition.  
In terms of social sustainability, as per the literature, oil palm has provided opportunities for the smallholders to improve their living standards.  Thus, oil palm is viewed outside the state as to improve the economic condition and employment status of the society. However, study also suggests that Arunachal Pradesh highly depends on migrant workers from the neighbouring states for informal agriculture labour work.  Thus, the local unemployed youths need to be engaged after providing them with basic training for oil palm cultivation and harvesting. Further, the living conditions of the labourers needs improvement by providing labourers with basic needs such as children’s education, proper houses to live in, sanitation and medical facilities at an affordable rate. Here, the mill owners could be engaging as part of their corporate social responsibility and making some positive changes to the society.
Therefore, since the forests of Arunachal Pradesh are already under considerable pressure from proposed hydropower projects, timber extraction, non-traditional forms of shifting cultivation and previously introduced monoculture plantations such as rubber, sugarcane, cardamom, cashew and so on. Parallelly, the livelihoods of farming communities are being undermined by policies that discourage shifting cultivation, a system that provides essential subsistence for remote mountain populations. Implementing an additional large-scale forest conversion program spanning several thousand hectares possess serious risks to both ecosystems and local communities. Drawing lessons from comparable cultural and ecological contexts in neighbouring south-east Asian countries, a more feasible and environmentally responsible approach should begin with small-scale oil palm plantations on already cleared land in Arunachal Pradesh and gradually expand into areas with other land-use types without triggering further deforestation. Such expansion should be guided by careful evaluation of the successes and shortcomings of initial plantation sites. Moreover, companies entrusted with oil palm development must strictly comply with RSPO principles, and local farmers should be actively involved in all stages of decision-making, including plantation management, to avoid adverse social outcomes. Failing this, oil palm expansion—rather than improving local economic conditions, which is often cited as its justification—may further marginalize shifting cultivators and lead to widespread and irreversible ecological degradation.
The study does not claim to have reviewed all the literature related to the sustainability of oil palm sector due to the vastness of literature availability in this sector. Nonetheless, every attempt has been made to review all the important articles related to the framework of his article. The study also has the limitation of being an inferred based study of sustainability of oil palm in Arunachal Pradesh. Since, the conclusion of ecological, social and environmental sustainability is based on the literature available for oil palm plantation outside Arunachal Pradesh.
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