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1 Introduction

Agarwood is a high-value tree commodity found in tropical forests in at least 12 countries in South
and Southeast Asia, including Indonesia, Bangladesh, Cambodia, Viet Nam, Bhutan, Thailand, Lao
PDR, Malaysia and Myanmar (Lee and Mohamed 2016). Agarwood resin has the blackish colour of
heartwood (Turjaman, Hidayat, and Santoso 2016). It forms from a natural chemical barrier in the
tree that protects against bacteria, fungi, insects and attacks from external agents (Compton and
Ishihara n.d.; Nobuchi and Siripatanadilok 1991; Gerber and Hill 2005; Faizal et al. 2017). The most
notable tree species that produce agarwood resin are from Aquilaria and Gyrinops genera (Compton
and Ishihara n.d.).

Harvesters and consumers often rely on agarwood products from natural forests, which has caused
overexploitation and threatens their survival (Karlinasari and Nandika 2016; Turjaman et al. 2016).
Due to this overexploitation, Aquilaria spp. and Gyrinops spp. have been listed in Appendix Il of the
Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), which
restricts trading of listed species (Schmidt 2011).

In the global marketplace, distillate of old agarwood oil can reach up to USD 80,000/litre and
agarwood chips can reach USD 100,000/kg for use in religious and cultural activities (Persoon 2007;
Naziz, Das and Sen 2019; Ash and Nguyen 2020). Recognizing the economic opportunities the
commodity provides, several local governments in Indonesia are promoting its cultivation through
agarwood plantations. Most of these plantations are in Sumatra (53%) and Kalimantan (38%)
(Table 1). Through the Ministry of Environment and Forestry (MoEF)’s Forest and Environmental
Research, Development and Innovation Agency (FORDA) of the Republic of Indonesia, the
government promotes research into methods to induce trees to form agarwood resin. MoEF

also issued a regulation on agarwood cultivation, harvesting and trading in 2015. A FORDA study
shows more than 3 million agarwood trees from various genera growing in 1,257 village regions in
21 provinces in Indonesia (Santoso et al. 2014; Santoso 2015 in Turjaman and Hidayat 2016) (see
Table 1).

Agarwood cultivation shows promise for sustainable management and supply of agarwood resin

to markets (Turjaman et al. 2016). However, effective inoculants are a key factor for determining
successful cultivation (Turjaman et al. 2016). Having effective fungal inoculants would spur farmers’
interest in practicing agarwood cultivation, whereas failure to develop inoculants will cause local
community interest in developing agarwood to wane, and result in wild agarwood harvesting
remaining high or even increasing.

Table 1. Census of agarwood plantation distribution in Indonesia

No. Region Farmers Villages Subdistricts  Districts Provinces Tree numbers
1 Sumatra 939 160 55 30 8 1,800,471
2 Kalimantan 167 107 67 22 4 1,268,796
3 Java 3,473 905 420 47 4 107,848
4 Eastern Indonesia 178 85 37 22 5 169,660
Total 4,757 1,257 579 121 21 3,346,775

Sources: Santoso et al. 2014; Santoso 2015 in Turjaman and Hidayat 2016.
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Vast areas of peatland have been degraded by land-cover and land-use change, leading to forest
fires (Carlson et al. 2012; Elz et al. 2015). These landscapes need to be restored to recover ecosystem
services for human benefits. The five provinces of Kalimantan had around 2.8 million ha of degraded
peatlands in 2018 (MoEF 2019). Peatland fires cause massive greenhouse gas emissions and
contribute to climate change (Huijnen et al. 2016). While peatland restoration will bring climate
benefits in a general sense, it could also provide multiple benefits to local communities by enabling
sustainable livelihood options.

This paper seeks to understand the status of agarwood plantations in Indonesia. This includes

the roles and policies of different government institutions, farmer harvesting methods, the status
of local markets, trading, and other challenges. It analyses agarwood plantation development

as an opportunity for reducing pressures on agarwood species in the wild. It also discusses the
possibility of agarwood plantations as a livelihood option local communities can use to help restore
degraded peatlands.



2 Methods

2.1 Study areas
Central Bangka district in Bangka Belitung province and Balangan district in South Kalimantan

province were chosen as study locations as they are known for their smallholder agarwood
plantations (Turjaman and Hidayat 2017) and have established local markets.
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Figure 1. Agarwood plantation study locations in Central Bangka district, Bangka Belitung province and
Balangan district, South Kalimantan province, Indonesia (layout: Agus M. Maulana/CIFOR)

2.1.1 Central Bangka district, Bangka Belitung province

Known by the local Malay community as garu or gaharu, agarwood was traditionally collected

from the wild in Bangka Belitung province (interview with a farmer, March 2019). We chose Central
Bangka® for a case study because of its use of a cluster system for its agarwood plantations. This
system is an integrated business model that conserves, plants, produces and maintains agarwood
trees. Stakeholders in the system also conduct research relating to technological innovations for
inoculation, which is jointly managed at the provincial and district level. The Indonesian government,
as reflected in the Governor Decree No. 188.44/37/Dishut/2009 and the Director-General of Land
Rehabilitation and Social Forestry of MoEF Decree No. SK.22/V-BPS/2010, promoted agarwood

1 Central Bangka district comprises seven subdistricts and 56 villages, has a total area of 2,126.36 km? and a population of
191,183 (Turjaman 2016).
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as a local flagship species (Tanaman Unggulan Lokal-TUL) to attract local community interests to
restore degraded land and enhance their livelihoods (Burhan, 2009; Plantation and Forests Agency
of Central Bangka District, 2013). Subsequently, more than 300,000 trees were planted in the district
(Plantation and Forests Agency of Central Bangka District, 2013; interview with Central Bangka
District Development Planning and Regional Development Research Agency-Bappelitbangda official,
March 2019).

2.1.2 Balangan district, South Kalimantan

Known by the local Banjar people? as garu or gaharu, agarwood has been extracted from the

wild traditionally for hundreds of years in the region (interview with a female farmer, May 2019).
Responding to the scarcity of wild agarwood in forests, a farmer became a local hero by producing
agarwood seedlings from her 30 parent trees. The Balangan District Government followed up by
enriching rubber tree plantations with agarwood trees using the Community Forest (Hutan Rakyat)
scheme on over 250 ha of private land between 2005-2012 (/bid). Most agarwood plantations are in
Batu Mandi, Halong and Juai subdistricts (/bid). More than 12,500 Aquilaria spp. trees were planted
from seedlings supplied from the 30 parent trees (/bid). Market destinations for agarwood produced
in this region are Middle Eastern countries, including Saudi Arabia, Yemen, the United Arab Emirates
and Oman (/bid).

Balangan, established through Law No. 2/2003, is one of the youngest districts in South Kalimantan
province. Its total area of around 1,819.75 km?comprises 179,269 ha of land and 8,563 ha of
wetlands, including peat swamps and rivers. As of December 2011, approximately 125,000 agarwood
trees had been planted in Balangan (Antaranews.com 2011). The Peatland Restoration Agency or
Badan Restorasi Gambut (BRG)? has a target to restore over 2,000 ha of peatland in this area for
community cultivation.

2.2 Methods and data analysis

We held in-depth interviews using open-ended questions with stakeholders in agarwood plantations.
These interviews, which used purposive sampling, were analysed to understand the complex
interplay between government policies and plans for smallholder agarwood plantations/gardens, and
their application by local communities on the ground (Angelsen et al. 2011).

Interviewees included two officials from the Ministry of Environment and Forestry’s Directorate
General of Sustainable Production Forest Management and Directorate General of Natural Resources
and Ecosystem Conservation, officials from the Bangka Belitung and South Kalimantan provincial
governments, key farmers, local traders, and merchants. The interviews were conducted in 2019,

in February and March in Bangka Belitung, in March in Jakarta, and in April and May in South
Kalimantan. Interviews aimed to provide descriptive analyses of the following:

¢ local community practices in agarwood plantation production.

¢ policy options for sustaining agarwood production in Indonesia, particularly in the study areas.

2 The Banjar or Banjarese people are native to the southern part of Borneo. The general population is considered to be
a mix of ethnic Sumatran Malay and Ma’anyan Kalimantan with a mixture of Malay and Ma’anyan genetic traits (77:23)
(Brucato et al. 2016). The Banjarese people have strong cultural ties to rivers (wetlands) (Marini and Sapriya 2019).

3 The Peatland Restoration Agency or Badan Restorasi Gambut (BRG) is a non-structural government institution
established under the administration of President Joko Widodo through Presidential Regulation No. 1/2016. BRG was
established in response to the severe fire and haze disaster in 2015. It operates on over 2 million ha of degraded peatlands
in seven provinces in Indonesia: Riau, Jambi, South Sumatra, West Kalimantan, Central Kalimantan, South Kalimantan and
Papua. BRG has targeted the restoration of 56,486 ha of degraded peatlands in South Kalimantan; 576,026 ha in Central
Kalimantan; and 149,902 ha in West Kalimantan (https://brg.go.id/program-kerja/).



3 Agarwood planting, degradation of natural
agarwood and regulation in Indonesia

Agarwood resin forms only in infected trees (Tan et al. 2019), and people have tended to cut

down entire stands to search for these rare infected trees. Consequently, forest degradation and
unsustainable production practices have led to agarwood-producing species facing extinction. While
technologies such as sonic tomography can predict the presence of resin, they are still not widely
used (Indahsuary et al. 2014). This means agarwood producing countries must limit annual exports
for more sustainable production. Agricultural practices and technologies could provide solutions for
people to maintain agarwood production. Many traders prefer natural agarwood for its “wild scent”
over the “human-made” agarwood sourced from plantations (Al Jazeera English 2016; Ash and
Nguyen 2020). Hence, the market for natural agarwood is still relatively high, which contributes to
unsustainable production and degradation of natural forests.

Several agarwood species from Aquilaria and Gyrinops genera are listed in CITES Appendix I1.* To
ensure their survival in the wild, any trading activity — especially international — should follow
CITES regulations. Quotas are applied to species trading and distribution, particularly for products
harvested from nature (non-cultivated trees) (interview with Ditjen KSDAE official, April 2019).
National focal points regulate the national status of species listed in CITES (/bid). The national
focal point in Indonesia is the Indonesian Institute of Sciences (LIPI), which sets quotas for listed
species (/bid).

Provisions governing the utilization of NTFPs, including agarwood, are laid out in several ministerial
regulations, including Minister of Forestry Regulation No. 35/2007,> which regulates NTFPs from flora
and fauna sources (interview with Ditjen PHPL official, April 2019). Use of NTFPs is regulated through
Government Regulation No. 3/2008,° which includes exploitation (pengusahaan) and utilization
(pemanfaatan). Meanwhile, Government Regulation No. 6/2007 requires any utilization of NTFPs to
be licensed (/bid).”

Quotas do not apply to agarwood from plantations. Director General for Forest Protection and Nature
Conservation Regulation No. P.25/1V-SET/20148 regulates agarwood plantations (interview with Ditjen
KSDAE official, April 2019). All agarwood plantations are expected to register with the Directorate
General of Natural Resources and Ecosystem Conservation (Ditjen KSDAE) under MoEF (/bid). The
directorate uses this information to control and map agarwood trading (/bid). The registration process
is in its introductory phase with the government encouraging farmers to register their plantations
(Ibid). Farmers are not obliged to register prior to planting but are encouraged to do so before
harvests (/bid). The system allows registration of groups as well as individual farmers (/bid). Initially,

4 All species which although not necessarily now threatened with extinction may become so unless trade in specimens
of such species is subject to strict regulation in order to avoid utilization incompatible with their survival; (Convention on
International Trade in Endangered Species of Wild Fauna and Flora, Article Il, paragraph 1).

5 Ministry of Forestry Regulation No. P.35/ Menhut-11/2007 on Non-Timber Forest Products.

6 Government of Indonesia Regulation No. 3/2008 on Revision to Government Regulation No. 6/2007 on Forest
Arrangement and Preparation of Forest Management and Utilization Plans.

7 Government of Indonesia Regulation No. 6/2007 on Forest Arrangement and Preparation of Forest Management and
Utilization Plans.

8 Director General for Forest Protection and Nature Conservation Regulation No. P.25/IV-SET/2014 on Agarwood
Cultivation and Breeding Registration Procedures.
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the regulation only covered plantations on private or non-forest estate land (/bid). Thus, the many
agarwood plantations under social forestry schemes in state forest estate were yet to be covered by
government policy (Wahyuni 2018).

In a later development, the regulation permitted farmers to sell products, but traders/brokers had to
possess trading permits (izin edar) and ensure products were purchased from registered plantations
(interview with Ditjen KSDAE official, April 2019). There is no quota system for agarwood plantations
as harvesting is monitored through harvest reports or Berita Acara Panen (Ibid).

Constraints encountered in the field included inconsistent agarwood production and quality; unclear
regulation of commerce; and unsupportive regulations for farmers. Among other areas, initial

design, product diversification, and upstream and downstream integration could be improved. With
respect to commerce, transparent regulation is required — a ‘one-gate system’ of business licensing
process that simplifies investment and permit processes in Indonesia. The product also requires
standardization, although this will remain difficult since it relies on intangible assessments from
fragrance experts to determine quality and price. Climatic conditions also affect production; different
Aquilaria spp. from Kalimantan often require a dry season for good seedlings (interview with a female
farmer, May 2019). Farmers need to avoid cross breeding to maintain genetic purity (/bid).



4 Case studies from agarwood planting areas

4.1 Plantation systems

Many agarwood plantations have resulted from government programmes. In Balangan, South
Kalimantan, for example, the district government required farmers to plant agarwood as a
requirement for being provided with fertilizer. There have been variations of this policy in Bangka.
Farmers in Bangka were grouped into different cooperatives. However, many less experienced
farmers often hesitated to inoculate mature trees. They lacked inoculants to infect trees effectively
and lacked experience and knowledge about agarwood in general. Such farmers often replaced
mature trees with oil palm to make their land more economically productive.

Agarwood seedlings have mostly been provided free as assistance to local communities, which are
required to plant agarwood between rubber and oil palm stands. However, Bangka has a more varied
system, which includes planting trees in house lots and home gardens, as well as single tree planting.
Plantations in Bangka vary in size from 0.5-2 ha, with large-scale plantations of more than 2 ha
established by the private sector.

Wild agarwood is usually formed through natural processes, e.g., wild animal grazing, lightning,
friction, wind, etc., which damage the trees (Rasool and Mohamed 2016). Wounded trees are then
infected by spores or hyphae of abundant fungi that flourish in the wild under appropriate humidity
and energy conditions (Turjaman et al. 2016). The wounds and fungal infections activate the trees’
natural defence mechanism, which produces agarwood resin (Turjaman, Hidayat and Santoso 2016;
Tan et al. 2019). Community plantations and artificial inducement have been introduced as solutions
to address the depletion of natural agarwood. Turjaman et al. (2016) and Tan et al. (2019) described
three distinct methods of artificial tree induction:
a. Physical-mechanical
With this basic concept, trees are wounded to trigger their defence mechanism, which will form
agarwood resin. Removing bark, cutting, puncturing, and other types of physical wounding using
axes, machetes and spikes are common methods. Although this method is relatively low-cost,
the quality of the resulting resin is inconsistent, and it will only be formed in the location of
the wound.
b. Chemical
Different varieties of acid, including jasmonic, sulphuric and acetic, as well as alcohol are common
compounds infused into trees to stimulate the defence mechanism that forms resin. This method
tends to produce high volumes of quality resin relatively swiftly. However, this method has
guestionable impacts on human health and the environment.
c. Biological
This method aims to improve the physical-mechanical approach. The wound section is infused
with microbes that will emulate pathological infection of the natural resin-forming process.
Fusarium sp. is the most common fungal strain used in this practice in Indonesia. Other potential
fungal strains are Aspergillius sp., Penicillium sp., Xylaria, sp. and Chaetomium sp. This is a long-
term process, and the quality of resin formed is inconsistent due to the use of different fungal
species. However, the biological approach tends to be safer for humans and the environment as it
mimics the natural agarwood resin formation process.
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Figure 2. Induction process using the microbial-biological method. Photos were taken during the induction
training in West Nusa Tenggara Province, organized by FORDA, Ministry of Forestry, Indonesia. (Turjaman,
Santoso and Subiakto 2011)

Ineffective fungi-based inoculant formulae were the common finding in Bangka and Kalimantan.
Farmers are more confident and find it more effective to use local inoculants developed
independently by local actors or farmers. Farmers in South Kalimantan also preferred to use
inoculant developed by the Malaysian Research Institute for its effectiveness in producing resin
rather than inoculants developed by research institutes in Indonesia. Unfortunately, we found lack of
development of inoculant formulae involving farmers or communities in any of our study locations.
Several farmers had applied the wounding method to tree stems to cause stress to plants, but this
method rarely succeeded in forming resin. Interestingly, farmer interviewees said that animal-
inflicted wounds to trees are often more successful in producing resin. In Kalimantan, for example,
trees wounded by ruddy treeshrews (Tupaia splendidula) produced resin more successfully than trees
wounded with human help. Complex biodiversity structures, including tree-animal interactions, also
create the quality of fragrance preferred by consumers (Al Jazeera English 2016; Naziz et al. 2019).
Increasing ruddy treeshrew populations could increase the probability of successful stem wounding
from animals. As well-functioning ecosystems with complex biodiversity will likely produce a better
fragrance of resin, agarwood gardens should have plentiful biodiversity to mimic natural tropical
rainforest ecosystems.

4.2 Products and marketing

Agarwood farmers can sell their products in different forms, with logs, small logs or chips being the
main options. Chips can be sold at higher prices and their quality is easier to maintain. Logs (whole
tree trunks) are seldom chosen as farmers would often be gambling on the quality of resin formed

in the tree. As farmers must pay people to cut wood chips, if the formed resin is low quality, they

will be unable to pay for the labour. Many farmers also harvest agarwood trees section by section,
avoiding direct tree cutting. According to a farmer/trader who deals with Middle Eastern buyers, the
Middle East has technology to produce chips automatically, while in Southeast Asia they must be cut
manually. Therefore, relevant stakeholders need to mutually work to enhance its use of technology in
processing chips to improve its competitiveness.

Farmers in South Kalimantan sell high quality agarwood chips for IDR 6 million or approximately

USD 421 per kilogram (kg) and average quality chips for IDR 2—3 million or USD 140-210 for target
markets in the Middle East (interview with a female farmer, May 2019). Meanwhile, our investigations
of local markets showed lower quality agarwood being sold in the form of small logs for IDR 300,000
or USD 21 per kg (interview with a female trader, May 2019).°

9 USD1=1IDR 14,230 per 7 November 2020.
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Table 2. Agarwood market prices in South Kalimantan

Quality Unit Type Price/unit (USD)
High kg Chip 421
Average kg Chip 140-210
Low kg Log 21
Undefined tola (6 cc) Liquid 140
Undefined kg Powder 4.25

Sources: Interviews with a female farmer and traders in South Kalimantan, May 2019

Some farmers also sell agarwood products in the form of perfume to intermediaries and Middle
Eastern traders. The farmers we found in the field often only use roots or other underused parts
of trees after chips have been cut to refine a perfume. One kg of tree parts can produce 1.2 grams
of perfume oil. The refining processes requires 72 hours with 20 kg having the capacity to produce
25 cc of perfume, which is sold by the tola (6 cc). The price per tola is around IDR 2 million or
approximately USD 140. Refining requires constant fuel and firing, which poses a cost challenge for
Indonesian agarwood entrepreneurs (interview with a female farmer, May 2019).

Agarwood is also sold as incense cones and powder. The price of incense powder is IDR 60,000

(USD 4.23) per kg, while 10 incense cones cost IDR 100,000 (USD 7). One local trader also sells
agarwood resin in the form of prayer beads for IDR 75,000—125,000 (USD 5.30-8.80). The trader also
sells agarwood sap for IDR 25,000 (USD 1.75) per piece (interview with an agarwood trader, May
2019). Other possible forms are agarwood tea and coffee, although dedicated trees are needed for
tea production to ensure quality.

Some smallholder farmers said they have difficulties transporting agarwood because requirements
are too stringent. The local government is supposed to issue certificates and permits, and then
forward them to the MoEF and CITES. However, the processes involved in obtaining business
licenses and permits to transport small amounts of agarwood remain difficult and time consuming
(see Minister of Forestry Decree No. 447/Kpts-11/2003 on Procedures for Gathering, Trapping and
Distributing Plants and Wildlife).1° This contributes to rampant unmonitored trading.

Agarwood resin quality is categorized based on expert appraisals in each country, with traders
often determining product quality and price. Hence, different standards may apply in different
locations. This has become a barrier to identifying a country’s agarwood production potential to an
exact degree.

In plantations, determining tree numbers and inoculation treatments, and selecting the appropriate
isolate to produce better infection area and quality are additional considerations. Environmental
conditions can affect growth of the fungus Fusarium sp. and the period of viability and virulence of
the fungus at the time of inoculation and after. The pathogen’s virulence to its host will decrease if
the pathogen is maintained in culture for an extended period (Agrios 2005). A decrease in carbon
sources, such as glucose, glucosamine, chitin, starch, and nitrogen for growing hyphae could decrease
spore viability (Tanada and Kaya 1993 in Tikupadang and Prayudyaningsih 2012). Virulence in fungi
also determines the length and shortness of the area of infection (Subowo 2010).

10 This Minister of Forestry decree regulates the mechanism and bureaucratic process for trade in species listed in the
CITES appendices.
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It is necessary to carry out maintenance and pest management to ensure trees are better primed and
more responsive to receiving inoculation without it causing rot and tree death. According to Caruso
and Kuc (1977) in Rahayu, Santoso and Wulandari (2010), drastic reductions in numbers of leaves can
inhibit photosynthesis and then inhibit the formation of secondary metabolites. Fluctuating extents
of infections can be caused by plants’ defence systems against different pathogens (Azwin 2016).

Repeated inoculation also needs to be considered to increase the extent and result of infection.
Muttagin et al. (2007) and Ngatiman (2005) in (Noorhamsyah 2010) found infection areas would
spread after repeated inoculation applications. Akhsan, Mardji and Sutisna (2015) reported that after
six months of inoculation the symptoms of infection were reduced, inoculation holes would become
smaller, and wounds would slowly heal. If the pathogenic fungi that infect agarwood cannot defeat
the plant’s defence system, aloes are not formed, and the injured plant parts can rot (Azwin 2016).
However, research on the maximum growth of fungi in agarwood and appropriate timing for repeated
inoculation is still absent.

Economic calculations for investment in inoculation to develop agarwood resin are essential to
support agarwood plantation development. Suharti et al. (2011) calculated that investment in trees
in the 15-40 cm diameter range provides a positive Net Present Value (NPV). Although different
economic models and approaches should be explored — including calculations that cover variabilities
in plant responses and effectiveness of inoculation formulae in different biophysical ecosystem
conditions — for countries with Muslim majority populations such as Indonesia, calculations using
Sharia economic dimensions will be more attractive for local communities, and also for investors from
the Middle Eastern countries that constitute some of the largest markets for Indonesian agarwood.

Good management of post-harvest products is crucial. Derivative agarwood products could generate
additional value and help stabilize prices for raw harvested agarwood. Post-harvest agarwood
products include essential oil for perfumes and soaps, powder from waste products for incense

and mosquito repellent, and tea. Based on the study in South Kalimantan, agarwood tea might
require dedicated trees for tea production to prevent contact with other post-harvest processes

and products. Upstream development needs to be reassessed for agarwood tea as production
requires pole heights of 1-2 metres for optimum harvests. Meanwhile tea production also requires
herbal or traditional medicine standardization for commercial purposes and proper registration

with the Indonesian National Agency of Drug and Food Control or Badan Pengawas Obat dan
Makanan (BPOM).

Development of post-harvest products can contribute to the establishment of micro, small and
medium enterprises (MSMEs) and cooperatives. More marketing and promotion could help motivate
farmers to plant agarwood. In addition, regular participation in trade fairs in the Middle East could
also strengthen the industry. This requires solid cooperation between stakeholders at the national
level, including the Ministry of Cooperatives and SMEs; related ministries such as the Ministry of
Trade and Ministry of Industry; embassies and trade consulates; and trader network associations
such as the Indonesian Agarwood Association, Agarwood Farmers Association, Indonesian Young
Entrepreneurs Association and the Indonesian Chamber of Commerce.



5 Developing paludiculture in degraded
peatlands

Local plantation, mainly through agroforestry, has been known to provide opportunities for livelihood
improvement without compromising the environment (Persoon and van Beek 2008).

The planting of species to substitute for products being extracted from nature could help conserve
commodity species such as agarwood. Agarwood plantations provide an opportunity to explore

this idea as local communities are already familiar with the species. Agroforestry, for example, can
provide alternative incomes for people living near natural forest, while encouraging them to protect it
(Murniati et al 2001). Agroforestry with appropriate compositions of trees and crops can improve soil
nutrition compared to monoculture practices, and generate income throughout the year, which can
enhance household well-being (Nair 1993).

However, to improve agarwood plantations, farmers need knowledge and equipment to meet the
quality standards demanded by international buyers. The industrial sector could support farmers
through partnership programmes that offer capital, land, labour, training, and contracts to buy their
products. This would make the idea of conservation through plantation plausible.

Agarwood plantation agroforestry could become a feasible option for reducing loss of agarwood
species in nature, while restoring the vast areas of degraded land and providing alternative income
sources for local communities. The many kinds of agarwood-producing species present opportunities
to restore different types of degraded ecosystems by matching species growth requirements with the
physical characteristics of those ecosystems. As an example, after the huge peatland fires in 2015,
the Ministry of Environment and Forestry stated that agarwood should be included as a species for
restoring degraded peatlands (Wulandari 2015).

Agarwood species grow naturally on lowlands and peat-swamp ecosystems (Susilo and Denny 2016;
Giesen and Nirmala 2018). Indeed, agarwood was one of the main commodities during the days

of the Srivijaya Empire in what is now South Sumatra, and peat and agarwood can still be found
there (Wijaya 2016). Paludiculture — cultivation of trees and other plant species to maintain the
characteristics of peat ecosystems (Tata and Susmianto 2016) — can use agroforestry to restore
degraded peatlands, while providing reasonable livelihood options for local communities. Suwardi
et al. (2009) showed that 80% of agarwood planted on acid sulphate soils in degraded peatlands

in Jambi province (which have extremely low pH and are harmful to many crop species) grew
healthily and even produced resin naturally. Thus, planting agarwood could be a solution for
peatland restoration.

The Central Kalimantan Agriculture Technology Research Institute (BPTP 2014) has helped farmers

in Jabiren village, Pulang Pisau district, Central Kalimantan to plant 500 agarwood trees on 2-ha
plots. The cultivation system uses agroforestry, combining agarwood and rubber trees. The biological
inoculation method was used on five-year-old trees to stimulate resin formation. Due to farmers’
limited capital, a private partner was invited to carry out inoculations; farmers and investors shared
yields 60:40, but farmers were also charged an additional IDR 50,000 or USD 3.51 per tree (BPTP
2014). Inoculations used the infusion method, where a microbe to infect trees was infused with a
minimum diameter of 15 cm (Tabloid Sinartani/Anang Firmansyah 2014).
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Agro—silvofishery is a promising method for the development of agarwood gardens. Agarwood can
be planted between stands in rubber plantations on mineral soil adjacent to peatlands, (where it is
commonly developed by local communities in Kalimantan). Meanwhile, native agarwood species can
be combined in peatlands with other species, which are traditionally cultivated by local communities
in peat swamp areas. The local community can collect an abundant number of fish species as their
food and livelihood source (Samsudin et al. 2020; Setiadi 2014). Local communities can also cultivate
fish as integrated management with trees and other plants species for forestry and agriculture
purposes (Samsudin et al. 2020).

At least 20 species of fungi are associated with resin formation. These include Torula sp., Fusarium
sp., Lasiodiploidia sp., Aspergillus sp., Chaetomium sp. and Penicillium sp., but the number of fungal
species keeps increasing (Nagajothi et al. 2016; Turjaman et al. 2016; Tan et al. 2019). Continuous
attacks from fungi and the reactions of trees’ defence mechanisms over several years, supported

by appropriate environmental factors (such as temperature, humidity, soil fertility, light intensity,
pests and disease) allow the formation of fine quality and abundant natural agarwood (Turjaman et
al. 2016). The three most important success factors for both quantity and quality of agarwood are
interaction with the genetic characteristics of the host plant, appropriate environmental conditions,
and an abundance of endophytic fungi (Santoso 2013; Turjaman et al. 2016).

Native ethnic Malay people traditionally collect timber and NTFPs, including fish, from peat swamp
forest ecosystems (Furukawa 2004). Many Indonesian farmers commonly use agroforestry to
establish forest gardens. Examples are farmers in Lampung province using mixed dipterocarps in their
repong damar agroforestry systems and farmers in South Kalimantan having fruit gardens in their
dukuh/pulau buah (literally fruit island) systems (de Foresta et al. 2000; Samsudin et al. 2020).

In their physical appearance and ecosystem dynamics, traditional community forest gardens
resemble secondary and primary natural forests (de Foresta et al. 2000). Farming that involves peat
swamp reclamation causes land subsidence, so local people in South Kalimantan harness natural
regeneration of gelam (Melaleuca cajuputi) to add organic material before re-working land as paddy
fields. This avoids disturbing toxic pyritic sediments (Sumawinata 1992).

Degraded peatlands in Indonesia can be restored using traditional forest garden approaches, which
resemble the structures and dynamics of natural forests (de Foresta et al. 2000). Different layers of
natural forests or forest gardens consist of emergent, canopy, understory and forest floor species
diversity. Multispecies forest garden farming will add more organic material, thus preserving peatland
as the plants naturally sequester carbon. Plant diversity has a positive correlation with diversity of
fungal communities (Maltz, Treseder and Mcguire 2017). As forest gardens resemble natural forest
environments and have abundant fungal diversity, they could increase the quality and quantity

of agarwood.

Development of cultivation knowledge of agarwood resin producing species that are found naturally
in swamp ecosystems and lowland forests could become a promising strategy to be explored to
optimize peatland restoration and enhance community livelihoods. These native swamp and lowland
ecosystems agarwood species include Gonystylus bancanus, Excoecaria agallocha L., Dalbergia
parviflora Roxb., Cantelya corniculata (Becc.), Aquilaria beccariana and Aquilaria filaria (Susilo and
Denny 2016; Giesen and Nirmala 2018). Further research, particularly on silviculture and harvest
systems, is needed to promote sustainable agarwood production in peat swamp ecosystems.



6 Key challenges and a way forward

Agarwood plantations go beyond providing a solution to prevent loss of agarwood tree species in
nature. They can also provide sustainable financial incentives and livelihoods for local communities,
while restoring and conserving fragile peat swamp ecosystems. However, five key factors must be
overcome to develop sustainable agarwood production that can help restore peatland:

a. Market access: Administrative processes should be improved to help smallholders/farmers market
their products and promote sustainable agarwood production.

b. Artificial inducement: Difficulties accessing technologies and inoculant formulae have discouraged
farmers from participating in planting agarwood. They would rather develop their land for other
commodities such as oil palm as it provides quick cash for daily subsistence. Top quality agarwood
requires long fungi attack and tree defense mechanism processes as they occur in nature
(Turjaman et al. 2016). Even though revenues from agarwood can range from millions to hundreds
of millions of rupiahs during harvest seasons, the long waits involved discourage farmers from
developing agarwood. These long waits could be made more bearable by optimizing products and
embracing forest garden agroforestry.

c. Initial investment for inoculation: Significant investment and expenditure is necessary for
inoculation to produce agarwood resin effectively. Our findings show local communities struggling
to choose appropriate inoculation technologies and methods. Inoculation costs are affected by
the variety of formulae, technologies, application methods and doses. Any miscalculations might
result in ineffective inoculation and incur losses for local communities.

d. Processing facilities: Affordable technologies are needed for processing agarwood into more
competitive products, such as essential oil.

e. Development of different agarwood tree species: Indonesia is blessed with high plant diversity.
The development and cultivation of lesser-known agarwood species still needs to be enhanced,
particularly for native peat swamp species.

To address these issues, the MoEF and other relevant agencies needs to develop a bottom-up policy
that identifies problems in the field that can be addressed by national and regional government
policies and regulations. Taking account of biophysical characteristics, as well as the cultures and
needs of local communities, agarwood can be developed using paludiculture by mimicking natural
forest systems to restore degraded peat swamp ecosystems. Silviculture and harvesting techniques
need to be developed further for lesser-known agarwood species.

Development of technologies and processing techniques in its post-harvest industries is necessary
to produce innovative and better-quality agarwood products, including harvest biproducts and
waste products. Collaboration between stakeholders, including farmers, local governments, local
universities and foreign organizations, could initiate technology transfer to address problems facing
local farmers.

Agarwood development is now on track to be run and managed by local communities. Local
communities in Kalimantan and across Indonesia have known about agarwood for hundreds of
years. Building the capacity of farmer groups and their cooperatives could motivate farmers to
pursue sustainable agarwood plantation practices. This would include supporting training for better
marketing, as well as providing financial incentives to conserve and restore degraded landscapes,
including carbon-rich peat swamp ecosystems.
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Many local communities in Indonesia traditionally practice agroforestry where their forest gardens
resemble the structures and dynamics of natural forests (de Foresta et al. 2000). Such practices could
be re-introduced to restore vast areas of degraded peatlands, where various plant species would

add organic material to peat and help repair damaged peat swamp ecosystems. At the same time,
environmental conditions in diverse forest gardens that resemble natural forests and have abundant
fungal species diversity can help produce high quality agarwood in sufficient quantities. Nevertheless,
better marketing and innovative economic strategies would be needed to improve community

livelihoods in this context.
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