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Abstract Agarwood, the resinous product of Aquilaria

spp. (Thymelaeaceae), is highly valued for medicinal and

fragrant purposes. Unsustainable forest harvesting con-

tributes to the declining population in the wild, threatening

their existence. As a protection effort, cultivation occurred

in range countries, mainly in Asia, effectively establishing

mass plantations. The success of domesticating Aquilaria

relies heavily on technological advancement in agarwood

induction, without which the entire thriving industry will

collapse. In this paper, we describe efforts since 1929 and

current progress and variation in induction as practiced in

Asia. The methods include traditional practices and artifi-

cial induction via inoculum and chemical inducer, experi-

mented and patented or otherwise. Artificial induction

methods are being developed to intensify agarwood pro-

duction in terms of yield and quality. While traditional

methods are commonly applied by rural planters, artificial

methods with the use of specific agents/chemicals are seen

as more appealing for inducing agarwood, and have a

higher demand from entrepreneurs and plantation owners.

Several issues related to induction technology faced by

stakeholders in agarwood cultivation are presented, such as

safety levels, cost, yields, and quality. We conclude by

highlighting remaining challenges in induction methods

and their associated technologies.
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Introduction

The plant family Thymelaeaceae is known for its incense-

producing tree species, especially from the genera

Aquilaria and Gyrinops. Endemic to the Indomalayan

region, there are a total of 21 recorded Aquilaria spp. and

nine Gyrinops spp. (The Plant List 2013). Aquilaria is the

main agarwood-producing genus. The natural range for

Aquilaria includes Bangladesh, Bhutan, Cambodia, China,

India, Indonesia, Laos, Malaysia, Papua New Guinea,

Thailand and Vietnam (Lee and Mohamed 2016). In the

wild, agarwood formation is often related to natural factors

such as thunder strikes, broken branches due to strong

winds, and pest and disease infestations. These factors can

create wounds or openings for pathogenic microbes to

enter and trigger the tree’s defense system (Mohamed et al.

2010). The infected area surrounding the wound over time

turns dark brown or black into what is known as agarwood

or ‘gaharu’ in the Malay language (Mohamed et al. 2014).

Agarwood formation takes place under the bark, thus

making it difficult to detect from the outside. A quick way

to search for agarwood as practiced by unscrupulous
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harvesters is by indiscriminately felling the wild Aquilaria

trees, causing their numbers to decline significantly (Wyn

and Anak 2010). The extensive harvesting of wild mother

trees disrupts the reproduction cycle and can limit the

availability of juvenile trees for future supplies. Due to this

concern, international conservation initiatives listed nine

Aquilaria spp. under the International Union for Conser-

vation of Nature (IUCN) Red List of Threatened Species in

1998 (IUCN 2017), and placed all Aquilaria and Gyrinops

spp. under Appendix II of the Convention on International

Trade in Endangered Species (CITES) in 2005 (CITES

Secretariat 2004). Given the significance of its sustain-

ability, any trading activity involving the species must

adhere to relevant licenses (UNEP-WCMC 2015).

Agarwood is a valuable product, and its future prospects

are bleak if current exploitation practices continue. In this

review, we examine historical records and summarize the

advancement of agarwood induction methods, essential

information to allow for better understanding of current

technologies and the development of improved ones. By

reviewing its evolution over time, planters, traders, and

researchers will be better informed about the effectiveness

of these induction methods. In addition, stakeholders may

become more inclined to the concept of sustainability in

the production and management of agarwood resources,

both from cultivated and natural forests. Generally, this

review examines methods in artificial agarwood induction

by taking a closer look at the examples of induction

practices in Asia, outlining their progress over almost a

decade, and concludes by emphasizing future directions.

Efforts to cultivate agarwood in Asia

The chance of coming upon a wild-sourced agarwood in a

natural forest is extremely low, estimated at about 10% (Ng

et al. 1997), which explains its high market demand and

price. With the international law governing natural agar-

wood resources in place, and in line with the conservation

efforts of CITES member countries, those who are in the

agarwood trade have diverted their attention to cultivated

Aquilaria. The range countries in Asia are now promoting

Aquilaria cultivation to ensure a continuous supply of

agarwood. Due to its protected status, Aquilaria planting is

under regulation by CITES representatives in each member

country. In Malaysia, efforts in Aquilaria planting cover a

total of 1300 hectares and 1.2 million trees at present

(Hashim et al. 2016). In Indonesia, the Forestry Research

and Development Agency (FORDA) reported a rough

estimation of the total planted agarwood-producing trees at

over 3.4 million. The survey represented only 1/3 of the

provinces that have planted the species (Turjaman and

Hidayat 2017). In China, over 20 million Aquilaria trees

have been cultivated, covering nearly 5300 hectares. The

number is expected to double due to the recognition of

cultivated agarwood for pharmaceutical purposes (Yin

et al. 2016). In Bangladesh in 2007 alone, almost 800,000

Aquilaria seedlings were planted (Chowdhury et al. 2016).

Bhutan and India have approximately 20,000 and 10 mil-

lion trees, respectively, while Nepal has recorded less than

1000 trees in home gardens. Southeast Asian countries like

Myanmar and Vietnam have 35,000 and[ 1 million trees,

respectively, in home gardens. Cambodia and Thailand are

also active in planting Aquilaria spp., however, no esti-

mation has been given on plantation size and number of

trees (ITTO-CITES 2015).

At present, the cultivation of agarwood-producing spe-

cies has gone from home gardens on small lands in the

backyards to large-scale plantations under systematic

management. Some of these plantations have been devel-

oped out of smallholder initiatives, and some were set up

by enterprising individuals with trade interests who put

hopes on high returns on their investment. Others are

plantations run by private companies and government

agencies. The species of choice for cultivation in the range

countries is influenced by: (a) the species preferred by the

targeted market; (b) land suitable for planting a particular

species; and, (c) the establishment of an efficient induction

technique for specific species. At present, the commonly

planted commercial species are A. crassna Pierre ex

Lecomte, A. malaccensis Lam. and A. sinensis (Lour.)

Gilg. They are widely cultivated in Southeast Asia. Aqui-

laria malaccensis is the main species planted in India,

while A. sinensis is primarily planted in southern China

(Lee and Mohamed 2016).

Methods in agarwood induction

With the increased number of Aquilaria plantations, efforts

have been made to develop artificial induction methods to

stimulate agarwood formation. The aim is to increase the

yield of cultivated agarwood to an acceptable quality for

targeted downstream purposes. These methods must be

practical for large-scale plantations, with the primary

objective to yield maximum agarwood supplies in the

shortest time possible. Coupled with good agriculture

practices, the artificial method is anticipated to provide

higher agarwood yields in comparison to the natural pro-

cess, where ideally its quality must closely resemble wild

agarwood, if not higher.

Agarwood is a resinous compound produced by

Aquilaria spp. as a response to abiotic and biotic injury.

The process of agarwood formation takes place in the

parenchyma cells, including the phloem, and vessels

(Nobuchi and Sahri 2008; Mohamed et al. 2013). The tree

2 P. D. Azren et al.

123



reacts to stress and foreign intrusions by activating its cell

machinery to synthesize substances that act as a bio-

chemical defense against physical or biological agents

(Rasool and Mohamed 2016). These anatomical structures

are responsible for producing, storing and distributing

agarwood constituents to the wounded area, filling up the

compartments, becoming solid and impregnating the wood.

This process is the foundation for developing artificial

methods to induce agarwood. At present, artificial agar-

wood induction methods can be classified into two groups:

conventional and non-conventional.

Conventional methods

Conventional methods are traditional practices passed

down from one generation to another and practiced sus-

tainably on trees growing on individual and ancestral lands

as well as in natural forests. China has a long history of

agarwood usage and had developed various artificial

agarwood-inducing methods since before the Song Dynasty

(A.D. 960) (Liu et al. 2013). The basic concept is to

physically wound the tree as it is the main trigger to

agarwood formation (Pojanagaroon and Kaewrak 2005).

This explains why farmers use severe methods like burn-

ing-chisel-drilling, partial-trunk-pruning, wounding using

an axe or machete, bark removal, cauterizing, cutting,

holing and nailing on their trees (Liu et al. 2013; Rasool

and Mohamed 2016). These methods may be cost-effective

but they are laborious. In addition, a longer time may be

required to yield agarwood of uncertain quality. Using

conventional techniques, agarwood is formed only at the

injured area of the stem, implying that the yield correlates

with the number and magnitude of physical injuries.

Non-conventional methods

Non-conventional induction methods are developed to

mimic natural events leading to agarwood formation.

Generally, these methods apply a catalyst or inducer into

the tree to stimulate agarwood formation. A minor physical

wounding is required on the trunk to make an entry point

prior to applying the inducer. Depending on its application,

the inducer may be liquid, semi-solid or solid. Currently

available inducers in the market are classified into (1)

biological inocula, and (2) chemical inducers. A summary

of the relevant studies and the development of agarwood

inducers using these non-conventional methods are shown

in Table 1.

Biological Inducers

These commonly contain microbes such as yeast, fungi and

other microbial flora found naturally. Another terminology

often used by planters is ‘inoculum’. Some traders use the

same term for chemical inducers, which is technically

incorrect because inoculum refers to a biological agent.

The technique involves applying fungal cultures into the

tree to mimic the pathological condition of Aquilaria in the

wild. The culture could be ‘pure’, as normally isolated in a

controlled environment such as in a laboratory, or ‘mixed’

as those commonly produced by individual proprietors.

The pure culture can be in solid form, grown on agar media

in Petri dishes, or liquid, grown in broth media. Most of the

mixed cultures are concocted by proprietors based on their

own endeavors in formulating inocula and experimenting

with an inoculum on their own trees. Such inocula are

produced using locally available ingredients such as

molasses, yeast, salt, and fruit juice. The inoculum may

contain various types of microbes and fermentation prod-

ucts due to the uncontrolled environment in which they

were prepared. Biological inducers may require a long

incubation time before harvesting to produce darker wood

and subsequently a better form of agarwood (Mohamed

et al. 2014). The long incubation period allows the

microorganism to multiply and colonize the tree. Triggered

by the invasion, the tree’s defense system is activated to

obstruct further foreign penetration by producing agarwood

resin as a barrier (Rasool and Mohamed 2016).

Inoculum development started prior to 1929 when

Tunstall first reported inoculating fungi into Aquilaria

agallocha Roxb (Gibson 1977). Others have since isolated

fungi from naturally occurring agarwood in wild trees to

investigate the role of fungi in agarwood formation

(Table 1). The selection of fungi was mostly endophytic,

isolated from either healthy or diseased wood, and then

inoculated into a healthy Aquilaria tree. One fungal genus

that has attracted interest, especially researchers in

Indonesia is Fusarium (e.g. Santoso et al. 2011; Iskandar

and Suhendra 2012). Other fungi such as Paraconiothyrium

variabile Riccioni, Damm, Verkley and Crous, Botryo-

sphaeria dothidea (Moug. ex Fr.) Ces. & De Not., Asper-

gillus niger Tiegh, Fomitopsis spp., and the parasitic

fungus Lasiodiplodia theobromae (Pat.) Griffon and

Maubl. (Cui et al. 2013; Tian et al. 2013; Zhang et al.

2014) were also investigated, and several have been

patented for commercial inocula production (Huang 2013;

Wei et al. 2014). A comprehensive list of fungi is available

with some supporting results from field trials (Table 1).

The purpose of testing a wide variety of fungal species is to

identify the most suitable species or isolate that can pro-

duce high quality agarwood, however the outcomes may

vary when applied at different sites.
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Table 1 Timelines of the progress in agarwood inducing methods

Year Description References

1929 Tunstall pioneered fungal-inoculation method Gibson (1977)

1930 Several fungi isolated from Aquilaria agallocha and Tunstall’s experiment reviewed Bose (1943)

Agarwood formed in A. agallocha after inoculation with Torula and Cladosporium Sadgopal (1960)

1952 Epicoccum granulatum isolated from A. agallocha Bhattacharyya et al.

(1952)

1976 Phialophora parasitica identified from A. agallocha Hawksworth and Gibson

(1976)

1977 Use of herbicide in agarwood induction investigated Verma (1977)

Several fungi identified from infected wood, such as Penicillium citrinum, Aspergillus tamarii, Aspergillus

sp., Fusarium solani, Botryodiplodia theobromae and others.

Gibson (1977)

Cytosphaera mangiferae, an infective agent isolated from the diseased wood of A. agallocha Jalaluddin (1977)

1980 Suggested agarwood formed in trees\ 25 years is mostly related to natural injuries Rahman and Basak

(1980)

1984 Suggested open wounds allow microbes entry and infection, which lead to agarwood formation Rahman and Khisa

(1984)

1996 Fusarium oxysporum, F. bulbigenium and F. lateritium inoculated into Aquilaria sp. and agarwood observed Santoso (1996)

2000 F. oxysporum and Chaetomium globosum identified from diseased wood associated to agarwood Tamuli et al. (2000)

2003 Fusarium isolates inoculated into Gyrinops versteegii; resin deposition occurred in all inoculated trees Tabata et al. (2003)

2005 Cultivated Agarwood Kits (CA-Kits) developed and demonstrated successful in Aquilaria crassna Blanchette and van Beek

(2005)

C. globosum and F. oxysporum inoculated into A. agallocha formed agarwood of lower quality compared to

natural agarwood

Tamuli et al. (2005)

2009 Salicylic acid and methyl jasmonate stimulated agarwood fragrant constituents in A. crassna and Aquilaria

sinensis calli and cell suspension

Okudera and Ito (2009)

2010 Melanotus flavolivens inoculated into A. sinensis produced agarwood-related volatile constituents Lin et al. (2010)

Patent of the Whole-tree Agarwood-Inducing Technique (Agar-WIT) for systemic agarwood induction Wei et al. (2010)

Several Fusarium isolates (F. solani, F. tricinctum, F. sambucinum and F. moniliforme) from Aquilaria sp.

showed agarwood formation

Budi et al. (2010)

2011 Eleven different types of Fusarium isolates tested on Aquilaria microcarpa; one coded as GA-11 displayed

the highest infection value

Santoso et al. (2011)

Patent of a strain of the fungus Fusarium proliferatum Ma et al. (2012)

2012 Five fungal species inoculated into A. malaccensis gave significant discoloration after 6 months Mohamed et al. (2014)

Four different Fusarium isolates tested on A. beccariana showed agarwood formation Iskandar and Suhendra

(2012)

Patent of a delivery method utilizing liquid inducer (sodium bisulfate, ammonium formate, sodium gluconate,

citric acid, lactic acid, oxalic acid, and water)

Lan and Li (2013)

2013 The bioactive fungus Paraconiothyrium variabile inoculated into A. sinensis produced agarwood of similar

quality as natural

Cui et al. (2013)

The pinhole-infusion method using formic acid coupled with Botryosphaeria dothidea resulted in agarwood

of high quality

Tian et al. (2013)

Patent of a strain of the fungus Aspergillus niger Huang (2013)

Patent of a chemical inducer (methyl jasmonate, ethylene, 6-BA, sodium chloride and magnesium chloride) Mei et al. (2014)

Patent of a strain of the fungus Fomitopsis sp. Wei et al. (2014)

2014 The role of Lasiodiplodia theobromae for agarwood production confirmed in A. sinensis Zhang et al. (2014)

A Modified Kit invented, by optimizing the infusion technique coupled with Schizophyllum commune as

inoculum

Yang et al. (2014)

Patent of a mixture of biological- and chemical-based inducer (edible salt, vinegar, and forest litter) Fu and Xu (2016)
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Chemical inducers

Chemical inducers appear promising as they act rapidly,

are easy to apply, and are available in precise strengths.

Using chemicals to induce the tree’s defense mechanism

toward promoting resin production is not solely applied to

Aquilaria spp., but is also widely used with other species

such as Norway spruce [Picea abies (L.) H. Karst.] (Martin

et al. 2002). Picea abies, similar to other conifers, produces

terpenoid-based oleoresins which act as constitutive and

inducible defenses against insects, herbivores and patho-

gens (Martin et al. 2002; Zeneli et al. 2006; Phillips et al.

2007). For Aquilaria, it is uncertain when people first

experimented with chemicals as many have used salt

(sodium chloride) and vinegar (acetic acid). However,

specialized chemicals came to light when signaling mole-

cules such as methyl jasmonate, ethylene, and salicylic acid

were found to induce the production of agarwood fragrant

constituents in Aquilaria callus and suspension cells

(Okudera and Ito 2009) (Table 1). It is not surprising that

these molecules are common ingredients in commercial

inducers. The content of an inducer may include chemicals

such as methyl jasmonate, hydrogen peroxide, sodium

methyl bisulfite, sodium chloride, ferric chloride, ferrous

chloride, formic acid, cellobiose, salicylic acid, and iron

powder, and biological-derived substances like yeast

extract and chitin (Blanchette and van Beek 2005; Okudera

and Ito 2009; Wijitphan 2009; Wei et al. 2010; Lan and Li

2013; Thanh et al. 2015; Fu and Xu 2016; Tang and Liu

2016). However, the exact chemicals, combinations and

concentrations are only known to the proprietor who

developed the inducer. Chemical inducers need to be

applied at an optimal strength because an excess could kill

the tree. Therefore, many field trials must be conducted

before the inducer may be commercialized.

Agarwood induction methods currently available
in the Asian market

Countries in Asia are actively planting Aquilaria as the

climate favors the growth of the numerous species, and this

highlights the need for agarwood induction techniques.

Innovative induction technology and effective inducers are

Table 1 continued

Year Description References

2015 Agarwood constituents stimulated by crude extracts of Trichoderma in cell suspension culture of A.

malaccensis

Jayaraman and

Mohamed (2015)

Trees inoculated with F. oxysporum showed a wider infection area when planted in monoculture compared to

mixed-system

Akhsan et al. (2015)

Fungal mixtures produced agarwood with the highest sesquiterpene content when compared to other

treatments

Thanh et al. (2015)

A non-biological based Agarwood Inducement Method (AINM) and a Basidiomycetes fungal solution (FI)

method developed

Chong et al. (2015)

Fifteen different fungal isolates from Fusarium, Acremonium, Alternaria, Nigrospora, Scopulariopsis,

Cladosporium, Scytalidium, and Mucor species, identified from A. malaccensis pre-inoculated with

Fusarium

Lisdayani et al. (2015)

Patent of selected strains of Fomitopsis, L. theobromae, Rigidoporus vinctus, Pestalotiopsis virgatula and

Trichoderma erinaceum.

Wei et al. (2016)

Patent of an inducer delivery method specifically for inocula derived from P. parasitica, Torula, Aspergillus,

Penicillium, Fusarium, Cladosporium, E. granulatum, Sphaeropsis, L. theobromae, Trichoderma,

Phomopsis, Cunninghamella echinulata, M. flavolivens and Antrodia cinnamomea

Yan and Lin (2016)

2016 Four different F. solani strains (GSL1-GSL4) introduced for commercial inoculation Faizal et al. (2017)

Acremonium and Fusarium species found effective on A. crassna Triadiati et al. (2016)

Patent of an infusion technique suitable for use with the biological inducer Tang (2016)

Patent of a chemical inducer (glucohexaose, potassium dihydrogen phosphate, magnesium chloride, calcium

nitrate, ammonium nitrate, potassium sulfate, copper sulfate, sodium molybdate, boric acid, zinc sulfate,

mangan sulfate and ethylenediaminetetraacetic acid)

Tang and Liu (2016)

2017 The fermentation liquid from L. theobromae and F. solani induced agarwood formation in A. sinensis Chen et al. (2017)

A chemical solution and fungal elicitor from L. theobromae produced 2-(2-phenylethyl) chromones in A.

sinensis using transfusion method

Huang et al. (2017)

Arthrinium, Colletotrichum and Diaporthe species associated to a broad spectrum of volatile compounds in

agarwood oil

Monggoot et al. (2017)

The year when results were reported, unless stated in the text the actual year when the experiment was carried out
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needed to shorten the period before harvesting and to

increase yields and quality of cultivated agarwood.

Agarwood induction technology

This technology is developing well in many Asian coun-

tries (Table 1). A significant improvement was achieved

when field-tested Cultivated Agarwood Kits (CA-Kits)

were introduced in Vietnam and became the first patented

agarwood induction method (Blanchette and van Beek

2005). The technology produces agarwood by forming an

artificial wound into the stem and inserting a tube into the

wound to aid in aeration. A resin-inducing agent is then

applied through the tube to reach the wounded tissues and

stimulates resin production. Many of the recently modified

and optimized agarwood induction techniques have been

built on this technique.

Agarwood inducers based on chemical formulations are

often developed together with a suitable delivery method.

The various delivery methods were developed to ease the

induction process, allowing for systematic application,

which is suitable for large-scale plantations. Recently, a

chemical inducer with an innovative delivery system has

been invented which can induce agarwood formation in the

whole tree. The patented technology is known as the

‘‘Whole-tree Agarwood-Inducing Technique’’ (Agar-WIT)

(Wei et al. 2010; Zhang et al. 2012). Through this tech-

nology, less than 2 years is needed to produce agarwood of

high quality (Liu et al. 2013). The method implements a

device functioning as a drip bag to slowly release the liquid

chemical into the tree through a drilled hole and then relies

on the tree’s transportation system to distribute the chem-

ical throughout the tree.

In the case of a successful fungal inoculum developed in

Indonesia, preliminary selection of suitable fungi was

carried out by isolating endophytic fungi from diseased

wild Aquilaria trees. A fast-growing fungus is a prerequi-

site for a suitable inoculum, followed by the quality of

agarwood produced upon infection (Santoso et al. 2011).

The selection and testing process may take many years of

evaluation. The inoculums were prepared in a broth culture

and used fresh. Prior to inoculation, 0.3-mm diameter holes

were drilled perpendicular to the tree bole, with pre-cal-

culated depths and distances between each hole, from the

bottom to the top of the tree stem, wherever accessible.

Inoculation was carried out using a sterile syringe to deli-

ver the broth-liquid into each hole. After 12 weeks of

incubation, the tree produces a mixture of sesquiterpenes

and aromatic compounds in considerable quantities. This

suggests that the inoculum is a promising technique for

agarwood formation (Faizal et al. 2017).

Inducers available in the market

Currently, there are many types of inducer formulations in

the market; most are biological-based, although there are

some chemicals (Table 2). Intellectual proprietors are in a

race to develop convincing methods to influence planters to

purchase their system as the potential profits are high.

Some are backed by scientific evidence from field trials,

others are based on personal experiences and observations.

Generally, inducers are marketed through ‘‘word of

mouth’’, which are reviews from one client to other

potential clients. Some inducer companies may begin by

introducing themselves to planters and visiting plantations

ready for induction. They would offer their products on a

trial basis with certain options to choose from in regards to

payment. Most sellers are planters themselves and often

advertise their inducers by displaying evidences from their

successful trials to build up the confidence of their clients.

Some established companies offer a discounted price for

their services by agreeing to share the profit for the agar-

wood sold using their system, while other companies

would do the common ‘sell and buy’ practice. The confi-

dence level for planters to use a certain induction technique

escalates if the seller provides a yield promise, which

arguably is not applicable at all time.

Maximizing yield

A proper delivery system ensures maximum agarwood

yields which sometimes could be laborious and costly,

depending on its handling protocol. To maximize yields,

the tree has to be induced in a certain pattern depending on

the nature of the inducer, biological or chemical. Gener-

ally, there are two types of formation. The first is when the

agarwood is formed near the inoculation site as a result of

fungal inoculum in solid or semi-solid form being directly

injected into the pre-drilled hole in the stem. One example

is the technique developed by Santoso et al. (2011), which

applies F. solani culture into holes drilled in a certain

pattern on the tree (Fig. 1a). The goal is to maximize yields

by increasing the contact area between the inoculum and

the host. In this example, agarwood formation is localized

in the inoculation area. Another example also applies

fungal culture onto the stem but in a spiral pattern (Chong

et al. 2015; Fig. 1b). Whether the pattern is spiral, diamond

or other, the aim is to create as many holes as possible, at

the same time taking into account the structural strength of

the tree as it has to withstand natural elements such as wind

and rain during the incubation period which usually lasts

one or more years. The resulting agarwood from the

localized formation is usually in the form of wood chips.

The second type of formation has the agarwood formed

from roots/base up to the top of the trunk in a systemic

6 P. D. Azren et al.
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Table 2 Agarwood induction technology and inducer types currently available in the Asian market

Name Type Delivery method Origin References

Whole-tree Agarwood-Inducing Technique

(Agar-Wit)

C Use of an infusion apparatus or drip bag China Liu et al. (2013)

Cultivated Agarwood Kit (CA Kit) B Applied into the drilled hole through a plastic

tube

Vietnam Blanchette and van

Beek (2005)

GSL inoculum B Applied directly into the drilled hole Indonesia Santoso et al. (2011)

Bio Serum Gaharu Lampung B Similar Indonesia Marapurna (2016)

Gaharu On B Similar Indonesia Gunawan (2012)

Inokulan Gaharu Bio Inducer B Similar Indonesia Jailani (2015)

Ant-processed Inducer (ApI) B Similar Vietnam Dinh (2015)

GAS de_Denai Agarwood Inducer B Use of a bamboo stick soaked with the inducer

before inserting into the drilled hole

Malaysia Gaharu Anugerah

Sarawak (2013)

Witsawa’s Agarwood Inducer B Similar Thailand Sripetkla (2011)

Black Gold Bio Booster (BGBB) B Delivered from a container through a tubing into

the drilled hole

Malaysia Biobenua Teknologi

Sdn Bhd (2013)

Inokulan Gaharu Biotech (IGB) 711, and other

varience (911, Nano Tech)

B Similar Malaysia Rusli (2011)

Vaksin PLT, and other variance (Gred A, B and

C, Vaksin NVI and Vaksin Kuning)

B Similar Malaysia Telupid Gaharu

Enterprise (2009)

Inokulan SGB B Similar Malaysia Gaharu Sarawak

(2015)

PIT2008 B Similar Malaysia Yazid and Al-Fattah

(2017)

Gaharu Resin Essence B Similar Malaysia Tanali Esteem

(2013)

Inokulan Nanoteknologi Gaharuda B Similar Indonesia Bisnis Gaharu (2015)

B biological, C chemical

Fig. 1 Diagrammatic sketch

showing the various injection

hole patterns for the respective

agarwood induction techniques.

a diamond-pattern (Santoso

et al. 2011); b spiral-pattern

(Chong et al. 2015); and

c multiple levels (Liu et al.

2013)
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manner. It uses a suitable delivery method and a high

volume of liquid solution delivered into the tree through

holes along the stem at several levels from the base to the

top (Fig. 1c). One end of a plastic or PVC tubing is inserted

into the hole; while the other end is attached to a plastic

bottle/bag; which functions as a reservoir, thus allowing the

liquid to flow into the whole tree by transpiration uptake.

This delivery concept is preferred by many planters

because it is easy to apply and inexpensive. Due to the

advancement in technology, delivery methods have

evolved to suit various kinds of inocula and chemicals

(Wei et al. 2010; Tian et al. 2013; Yang et al. 2014; Tang

2016; Yan and Lin 2016; Chen et al. 2017; Huang et al.

2017).

Quality of cultivated agarwood

Traditionally, agarwood is graded based on physical

appearance, with its commercial value depending on resin

content, colour and aroma (Mohamed and Lee 2016; Liu

et al. 2017). A better practice to grade agarwood might be

to determine its chemical content that is generally a com-

plex mixture of aromatic compounds, sesquiterpenes, and

chromones (Naef 2011). The latter are also responsible for

the color intensity that also is a major contributor to grade

level (Li et al. 2014). Arguably, agarwood of higher grades

should contain specific sesquiterpene compounds such as

agarofuran, agarol, jinkohol, agarospirol and others (Ismail

et al. 2013, 2014). Although this could be subjective, these

compounds are often detected in good quality agarwood in

the market, regardless if natural or cultivated (Jamil et al.

2014; Jong et al. 2014). For comparison, the chemical

compounds present in natural agarwood or agarwood

induced by fungi or chemicals include major aromatic

compounds such as agarospirol, aristolene, aromadendrene

oxide-(1), benzylacetone, caryophyllene oxide, copaenol,

eudesmol, guaiol, and hinesol (Appendix S1; Naef 2011).

Others such as agarofuran, anethole, butyl isobutyl phtha-

late, cubebol, cubenol, dehydrofukinon and eremophilone

are found in both fungal- and chemically-induced agar-

wood. This suggests that cultivated agarwood with a

quality comparable to natural agarwood can be obtained

using modern formulations regardless if they are biologi-

cal- or chemical-based.

Advantages and disadvantages of non-conventional
methods

Induction technology is the key to a successful sustainable

agarwood production program. Aquilaria planters can now

produce reliable yields of artificial agarwood, cultivated

through the application of non-conventional methods.

While there are a variety of inducers in the market from

which to choose, the selection of a suitable inducer relies

on the needs of the planter and is much affected by the

advantages or disadvantages of the chosen inducing

method.

Biological inducers and localized formation

This type of inducer is widely used among Aquilaria

planters because it is easily available and dominates the

market in Asia (Table 2). In addition, the biological aspect

seems to be attractive and often relates to its being organic,

environmentally friendly, and safe for handling and human

consumption. Fungal-inoculated agarwood has a higher

concentration of sesquiterpene compounds compared to

mechanically wounded material (Chhipa et al. 2017; Faizal

et al. 2017). One major drawback when using this method

is that it requires extensive labor to make the holes to

obtain maximum agarwood yields (Fig. 1a, b). This labo-

rious and time-consuming approach is not practical for

large-scale plantations or in a high-cost labor environment,

but is applicable for home gardens. In addition, the agar-

wood formed concentrates near the inoculation site and

rarely spreads. Different fungal strains or species may

result in inconsistency of agarwood quality, and therefore

are less promising. Optimization could be laborious as the

environment could influence fungal efficacy (Tamuli et al.

2005; Santoso et al. 2011; Faizal et al. 2017).

Chemical inducers and systemic formation

Chemicals appear to be less popular than inocula because

planters and agarwood users are skeptical on its impact on

human health and the environment. The introduction of

chemical inducers is to provide agarwood a consistent yield

and quality, as well as for easy implementation in large-scale

plantations. This delivery technique is thought to provide

better distribution of agarwood formation compared to the

localized application of inoculum. However, the application

of chemical inducers requires good technical skills and

precision, which many planters consider as complicated.

When properly formulated, chemical inducers could

stimulate artificial agarwood, which closely resembles

natural agarwood in terms of quality (Liu et al. 2013). This

method may give a fast result and high yields, but more

tests and demonstrations are needed to prove its effec-

tiveness and efficiency. The most critical test is to prove

that the agarwood produced using chemical inducers is safe

to consume and for other applications. In general, chemical

inducers could replace biological inducers in the market

due to ease of application and rapid results. For quality

control purposes, it is easier to prepare chemical inducers

compared to biological ones as the latter contain living

8 P. D. Azren et al.
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microorganisms. In industries where agarwood is used in

pharmaceuticals and in traditional medicines, a standard

quality is important to maintain the medicinal properties.

Recommendations and conclusions

Current stocks of natural agarwood are insufficient to meet

demands in the international market. By cultivating agar-

wood, this pressure can be lifted. However, efficient tech-

niques for inducing agarwood formation and practicalities

of application need to be assessed. The techniques should

be practical, inexpensive, and the results are reproducible.

Further studies are needed to optimize and increase the

efficiency of potential fungal strains for use as inocula

suitable for various Aquilaria spp. in different geographical

regions. Safety aspects regarding chemically-induced

agarwood need to be clarified to convince consumers to use

these types of inducer. Chemical inducers appear to be a

new alternative that need more attention and wider dis-

semination. With the current progress in research and

technologies, in the near future, it can be concluded that

both types of inducers can be used optimally to produce

agarwood of high quality comparable to wild agarwood.
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