Chapter 1
The Origin and Domestication of Aquilaria,
an Important Agarwood-Producing Genus

Shiou Yih Lee and Rozi Mohamed

Abstract The Aquilaria (Thymelaeaceae) tree is a well-known important
agarwood-producing genus, which is endemic to the Indomalesia region. The genus
is currently protected under CITES regulation and the IUCN Red List due to its
heavy declination in the natural population in various sourcing countries. Derived
from its precious non-wood fragrant products, the genus was given different names
throughout the history until it was finalized in 1783. To date, there are 21 recognized
Agquilaria species recorded, of which 13 are reportedly fragrant resin producers, and
the status of the remaining eight Aquilaria species is yet to be investigated. Aquilaria
is heavily exploited in the wild due to the destructive agarwood harvesting tech-
nique that requires hacking of the wood parts to induce agarwood production.
Various conservation efforts have been carried out to avoid further destruction
toward its gene pool. This includes introducing the species for cultivation and plant-
ing the trees in large plantations or home gardens, which further provide a sustain-
able agarwood production in the industry and indirectly contribute to the local
economy. At present, an accurate classification of Aquilaria species is yet to be
achieved; misidentification happens frequently, either genuinely because of lack of
information and training or intentionally for business gains. In conclusion, a proper
taxonomy and classification system are essential for conserving Aquilaria species
genetic diversity and for identifying species origin of agarwood products aimed at
international trade control.

1.1 Introduction

The Aquilaria genus is well known for its fragrant non-wood product, the agarwood.
Highly demanded in several countries, agarwood is further processed into perfumes,
incenses, and ornamental displays and used as a raw material in traditional and
modern medicines. Historically, human’s encounter with agarwood was first
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recorded in ancient literatures and religious scriptures. The Sanskrit language poet,
Kalidasa (c. 353—c. 420), once wrote: Beautiful ladies, preparing themselves for the
feast of pleasures, cleanse themselves with the yellow powder of sandal, clear and
pure, freshen their breast with pleasant aromas, and suspend their dark hair in the
smoke of burning aloes. The word “aloes” has the same meaning as agarwood. It
was also found occurring in the biblical text (Duke 2007). In ancient days, the
Egyptians used agarwood to embalm honored dead bodies, and in several Asian
countries, agarwood products were introduced along with Buddhism from India.
During those days, the most familiar Aquilaria species producing agarwood were
Agquilaria agallocha (synonym to Aquilaria malaccensis) from India and nearby
countries and Ophispermum sinense (synonym to Aquilaria sinensis) from China
(Don 1832). The former was widely applied in fragrance production and religious
practices while the latter in Chinese medicines.

From a total of 21 accepted species names for Aquilaria at present (The Plant
List 2013), about thirteen are reported as fragrant resin producer: A. baillonii, A.
beccariana, A. crassna, A. filaria, A. hirta, A. khasiana, A. malaccensis, A. micro-
carpa, A. rostrata, A. rugosa, A. sinensis, A. subintegra and A. yunnanensis (Hou
1960; Ng et al. 1997; Compton and Zich 2002; Kiet et al. 2005; Yang Y 2015, per-
sonal communication). As for the remaining eight Aquilaria species, their compe-
tencies at producing agarwood need to be further investigated.

1.2 A Brief History of the Genus

The genus name, Aquilaria, was originally derived from its non-wood fragrant prod-
uct, presently known as agarwood. Agarwood has many names that have been passed
down over many generations. When the product is introduced into various societies,
each mimicked the pronunciation of the original name using her own language; thus,
more names were created. From recorded history, the earliest name given was ahalim
in Hebrew and ahila from the Scripture of the East (Ridley 1901), followed by aga-
lukhi in Arabic. It was also described as agallochee, a Greek synonym to a Hindi
word for incense wood aod-i-kimaree from India and Arabia. In the Malayan region,
it has been known as agila, which possibly descended from the Sanskrit agara (in
Hindi aggur). In more recent days, the Portuguese gave several names: pao-d’agila,
pao-d’aguila, pao-d’aquila, bois d’aigle, eagle-wood, and agel-hout. The genus
established its final name, Aquilaria, in 1783, given by the botanist Jean-Baptiste
Lamarck after replacing its synonym, Agallochum of Dioscorides.

The first scientific record of agarwood usage was likely that of Avicenna, an
Arab physician (980-1037), who described several types of agallochum (Society
for the Diffusion of Useful Knowledge 1838). Among the different types of agal-
lochum, he recorded two names, xylaloes and agalugen. Xylaloes is a Greek form of
an Arabic word alud, literary described as “the wood.” Further, it was modified into
aloe wood/aloes-wood and also Lignum aloes. As for agalugen, it was also called
aghaloojee, which was then defined as agallochee or agallochum. The word
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agallochum was simplified to agalloch, referring to the fragrant wood produced
from A. agallocha in India.

The first formal account to the tree itself was by Garcia de Orta (1501-1568), a
Portuguese Renaissance physician and naturalist, who practiced in Goa, India, and
was a pioneer of tropical medicine (Ridley 1901). He visited Malacca in Peninsular
Malaysia roughly in 1534 and named the fragrant wood garo. He recorded that the
wood was brought by the Chinese from Malacca and Sumatra; thus, he referred it as
Garo de Malacca. Garcia successfully collected the twigs and leaves from trees
growing in Malacca but failed to get the fruits or flowers as there was difficulty to
access the forest. Georg Eberhard Rumphius (1627-1702), a German-born botanist
who was studying on the specimen brought back from Malacca, distinguished two
types of agallochum: the calambac (Agallochum primarium) and the garo
(Agallochum secundarium) (Society for the Diffusion of Useful Knowledge 1838).
The calambac or calembouc (French) had other names such as ky nam (Vietnam)
and kyara (Japanese) (Li 1998). The first collection of calambac was native to
Eastern Cochin China and Siam, collected by Loureiro from the tree called
Aloexylum agallochum Lour., while the second collection was native to Cochin
China and Laos, also collected by Loureiro from the tree called Ophispermum
sinense Lour. (known as A. sinensis at present) (Ridley 1901). William Roxburgh
(1751-1815), a Scottish surgeon and botanist, who is known as the Father of Indian
Botany, described that the real calambac comes from A. agallocha Roxb., which
was exported to China from the eastern frontier instead of Cochin China. Calambac
from both origins had equal demands and were growing at similar latitudes, yet no
one could conclude that they derived from the same species because botanical
description was incomplete at that time (Society for the Diffusion of Useful
Knowledge 1838).

Garo was later known as garos, which was recorded as an article of export from
Malacca and the kingdom of Siam (Thailand at present). It was given the name garu
(in Malay, later updated to gaharu), derived from the Sanskrit aquaru but only
referring to the fragrant wood. The garu tree is given a different name and is known
as karas, tuikaras, tengkaras, engkaras, and kakaras by the Malays (Ridley 1901).
Pierre Sonnerat (1748—1814), a French naturalist and explorer, successfully obtained
the specimens of the tree during his second voyage to India, based on the figures and
description done by Jean-Baptiste Lamarck (1744-1829) for the bois d’aloes,
Agallochum officinarum. Lamarck concluded that the collected specimen greatly
resembles the A. secundarium from Rumphius; thus, it was renamed as A. malac-
censis (Royle 1839). Upon confirmation, Francis Hamilton (1762-1829, also known
as Francis Buchanan) concluded that A. malaccensis and A. agallocha are both of
the same tree in nature but prefers the name A. officinarum as the official name for
the plant (Hamilton 1836). Today, the name A. malaccensis retains as a type speci-
men for the genus Aquilaria in taxonomy identification. Since the official genus
Aquilaria was agreed upon in 1783, it replaced several synonym genera including
Agallochum Lam. (1783), Aloexylum Lour. (1790), Aquilariella Tiegh. (1893),
Decaisnella Kuntze (1891), Gyrinopsis Decne. (1843), and Ophispermum Lour.
(1790) (Tropicos 2016).
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1.3 Generic Status and Relationships

Agquilaria is a member of the Thymelaeaceae (Malvales) family and belongs to the
subfamily Thymelaeoideae (previously Aquilariodeae). There was a minor contro-
versy in the classification of the subfamilies in Thymelaeaceae. Until today, a stable
circumscription in the taxon of Thymelaeaceae is yet to be achieved. Conventional
classification of the Thymelaeaceae is always related to the identification through
morphological and reproductive characteristics of the plant itself. Earlier in 1836,
before an international taxonomy system was established, Aquilaria was once under
the order Aquilariaceae, Alliance Daphnales. However in 1880, the Bentham and
Hooker system removed the genus on reasons that there was no recollection exer-
cise since previous identification (Watt 2014). Years later, it was re-added, together
with Gyrinopsis and Gyrinops into the family Thymelaeaceae, under subfamily
Agquilarioideae (including Phalerioideae, Thymelaeoideae, and Drapetoideae) and
tribe Aquilarieae (Gilg 1894). Thymelaeaceae was under the order of Thymelaeales.
Later in 1967, Hutchinson proposed to include Aquilariaceae under Thymelaeales.
However in 1968, Cronquist proposed to embed Thymelacaceae under the order
Myrtales, then further suggested by Thorne to place under Euphorbiales, instead of
Myrtales. The debate between Myrtales and Euphorbiales was ongoing from 1968
to 1993, with a small different opinion whereby Cronquist’s proposal was accepted
from 1988 to 1992, in which Thymelaeaceae was placed as the sole family under the
order Thymelaeales (Cronquist 1988). In 1993, Heywood placed Thymelaeaceae
under the order Myrtales after removing it from the previous order Euphorbiales,
which was proposed by Thorne in 1992. In 1998, the Angiosperm Phylogeny Group
included the family Thymelaeaceae in the Malvales order, disregarding indication
toward families adjacent to it (Angiosperm Phylogeny Group 1998). Chronology of
the events is shown in Table 1.1.

Subfamilies within the Thymelaeaceae were not established as well throughout
the centuries. As such in 1894, Gilg proposed four subfamilies under Thymelaeaceae:
Agquilarioideae, Phalerioideae, Thymelaeoideae, and Drapetoideac. However in
1921, he reviewed the list and added three new subfamilies: Microsemmatoideae,
Octolepidoideae, and Synandrodaphnoideae. Domke (1934) scaled down the list by
retaining two names and adding two new ones: Aquilarioideae, Gilgiodaphnoideae,
Gonystyloideae, and Thymelaeoideae. The latest update in the subfamilies within
the Thymelaeaceae was by Herber in 2002 and 2003, concluding only two big sub-
families: Octolepidoideae and Thymelaeoideae, with Aquilarieae placed under
Thymelaeoideae. At present, Aquilaria and its closely related genus Gyrinops are
under the order Malvales, family Thymelaeaceae, subfamily Thymelaeoideae, and
tribe Aquilarieae.

The four-subfamily classification, proposed by Gilg (1894), was mostly supported
by molecular phylogeny as revealed from the sequences of the chloroplast DNA, the
rbcL gene and the trnL-trnF intergenic spacer region, of forty-one samples under the
Thymelaeaceae (Van der Bank et al. 2002). Unfortunately, the phylogenetic relation-
ship was not supported at level of tribe. The study was further investigated by
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Table 1.1 Chronology of events following changes in taxonomy affinities of the genus Aquilaria

(Thymelaeaceae)

Taxonomist
Lidney

Bentham and
Hooker

Gilg

Gilg

Domke

Hutchinson
Hutchinson

Cronquist
Thorne
Cronquist
Thorne

Heywood

The Angiosperm
Phylogeny Group
Herber

Year
proposed

1836

1880

1894

1921

1934

1959
1967

1968
1968
1988
1992
1993
1998

2002

Alliance
Order
Genera

Genera

Subfamily
Tribe
Genera

Subfamily

Subfamily
General
Tribe
Genera

Order

Order
Family
Genera

Order
Order
Order
Order
Order
Order

Subfamily
Tribe
Genera

Changes made

Daphnales

Aquilariaceae; Elacagnaceae; Hernandiaceae;
Thymelaeaceae;

Agquilaria; Gyrinops; Ophiospermum
Agquilaria was removed

Aquilarioideae; Phalerioideae;
Thymelaeoideae; Drapetoideae
Aquilarieae

Agquilaria; Gyrinopsis; Gyrinops
Aquilarioideae; Phalerioideae;
Thymelaeoideae; Drapetoideae;
Microsemmatoideae; Octolepidoideae;
Synandrodaphnoideae
Aquilarioideae; Gilgiodaphnoideae;
Gonystyloideae; Thymelaeoideae
Aquilariidae

Agquilaria; Gyrinops

Thymelaeales

Thymelaeales

Aquilariaceae; Thymelaeaceae
Agquilaria; Deltaria; Gyrinops; Lethedon;
Octolepis; Solmsia

Myrtales

Euphorbiales

Thymelaeales

Euphorbiales

Myrtales

Malvales

Octolepidoideae; Thymelaeoideae
Aquilarieae; Daphneae; Synandrodaphneae
Agquilaria; Gyrinops

Rautenbach (2008) who performed molecular phylogenetic analysis using 143 speci-
mens from the Thymelacaceae members, which was three times greater in sample
size compared to the previous study. The two regions from the chloroplast DNA were
analyzed in addition to the nuclear ribosomal DNA internal transcribed spacer (ITS).
The results were in support of the classification proposed by Herber in 2002.
Considering that molecular phylogeny approach can provide remarkable results that
complement conventional taxonomic classification in Thymelaeaceae, it has been
applied for identifying agarwood-producing species from the genus Aquilaria. Ito
and Honda (2005) sequenced the ITS1 and psbC-trnS regions in their study, while
Eurlings and Gravendeel (2005) sequenced the frnL-trnF intergenic spacer region.
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Both studies used authentic samples from herbarium specimens and concluded that
molecular-based approach is possible for identifying Aquilaria species. Eurlings and
Gravendeel (2005) provided a wider scope when they included Gyrinops specimens
and concluded that Aquilaria and Gyrinops are paraphyletic, indicating that the two
genera had shared the last common ancestor. Although molecular-based study seems
promising in assisting identification at genus and species levels, further studies are
needed for conservation and trade control purposes.

1.4 Distribution of the Species

Agquilaria is widely distributed in the Indomalesia region. The most dominant spe-
cies, which has its population over several countries, is A. malaccensis. The
accepted species according to The Plant List, their distributions based on previous
records, and their conservation status as classified by IUCN, are compiled in
Table 1.2.

To help illustrate the distribution, an imaginary horizontal line parallel to the
equator is drawn going from across the Sumatra Island to Borneo Island, and a verti-
cal line is drawn from the east of Taiwan going through the west of the Philippines,
separating Borneo from Sulawesi and west of Sumba Island (Fig. 1.1). For the ben-
efit of this discussion, these crossing lines divide the Indomalesia region into four
sections and reflect the distribution of the related species in a congruent manner.
Starting with the northwest end, this first region is widely populated by
A. crassna, A. malaccensis, and A. sinensis. The distribution of A. crassna has been
reported in Cambodia, south of Laos, north of Thailand, and Cochin China of
Vietnam; A. malaccensis in Bangladesh, Bhutan, Assam of northeast India, Sumatra
and Kalimantan of Indonesia, Iran, Malaysia, Myanmar, south of the Philippines,
Singapore, and south of Thailand; and A. sinensis meanwhile endemic to China,
confined mainly to the south, Hainan Island, Hong Kong, and Taiwan. Besides that,
records have shown that A. baillonii is endemic to Cambodia; A. banaensis to Bana
of Vietnam; A. beccariana to East Malaysia, Brunei, and Kalimantan of Indonesia;
A. hirta to south of Thailand and northeast and south of Peninsular Malaysia includ-
ing Singapore; A. khasiana to Khasi, Meghalaya, of northeast of India; A. rostrata
to Peninsular Malaysia; A. rugosa to Kontum of Vietnam and north of Thailand;
A. subintegra to south of Thailand; and A. yunnanensis to Yunnan in China.

Interestingly, the Philippines, situated in the northeast, is the only country within
that region having six endemic species: A. brachyantha in Cagayan, A. decemcostata
in Laguna, and A. parvifolia in Camarines, all three species being concentrated in
the Luzon Island, while A. apiculata in Bukidnon and A. citrinicarpa and A. urdane-
tensis in Mount Urdaneta, all in Mindanao, the south island. In addition, A. cum-
ingiana was also recorded in Mindanao, besides the Maluku Island of neighboring
Indonesia. Following the horizontal line, A. microcarpa was recorded in Johor, the
most southern state in Peninsular Malaysia and in Singapore. It was also found on
the Borneo Island, consisting of East Malaysia, Brunei, and Kalimantan of Indonesia.
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Table 1.2 Accepted names, distribution, and conservation status of Aquilaria species

Species names®
Agquilaria apiculata
Merr.

Agquilaria baillonii
Pierre ex Lecomte
Aquilaria
banaensis PH.HO
Aquilaria
beccariana Tiegh.

Agquilaria
brachyantha
(Merr.) Hallier f.
Aquilaria
citrinicarpa
(Elmer) Hallier f.
Agquilaria crassna
Pierre ex Lecomte

Aquilaria
cumingiana
(Decne.) Ridl.

Aquilaria
decemcostata
Hallier f.
Agquilaria filaria
(Oken) Merr.

Agquilaria hirta
Ridl.

Basionyms and
synonyms

Agquilaria banaensae

Agquilaria
cumingiana var.
parvifolia
Agquilaria
grandifolia
Gyrinops
brachyantha
Gyrinopsis
grandifolia
Gyrinopsis
brachyantha

Gyrinopsis
citrinicarpa

Agquilaria pubescens
Decaisnella
cumingiana
Gyrinopsis
cumingiana
Gyrinopsis
cumingiana var.
pubescens
Gyrinopsis
decemcostata
Gyrinopsis pubifolia

Agquilaria cuminate
Agquilaria tomentosa
Gyrinopsis
acuminate
Pittosporum filarium
Agquilaria
moszkowski

Year
first

reported | Distribution

1922

1915

1986

1893

1922

1922

1914

1922

1922

1950

1901

Philippines
Cambodia
Vietnam

Brunei
Indonesia
Malaysia

Philippines

Philippines

Cambodia
Laos
Thailand
Vietnam
Indonesia
Philippines

Philippines

Indonesia
Philippines

Indonesia
Malaysia
Singapore

Conservation
status (IUCN)

1998: Vulnerable
D2

1998: Vulnerable
Ald

1998: Critically
Endangered Alcd

1998: Vulnerable
Ald

1998: Vulnerable
Ald

(continued)



Table 1.2 (continued)

12

13

14

15

17

18

Species names®

Aquilaria khasiana
Hallier f.
Aquilaria
malaccensis Lam.

Agquilaria
microcarpa Baill.

Agquilaria
parvifolia
(Quisumb.) Ding
Hou

Agquilaria rostrata
Ridl.

Agquilaria rugosa
K.Le-Cong &
Kessler

Aquilaria sinensis
(Lour.) Spreng.

Basionyms and
synonyms

Agallochum
malaccense
Aloexylum
agallochum
Agquilaria agallocha
Agquilaria
agallochum
Agquilaria ovate
Agquilaria
moluccensis
Agquilaria
secundaria
Agquilariella
malaccense
Agquilariella
malaccensis

Aquilaria borneensis
Agquilariella
borneensis
Agquilariella
microcarpa
Gyrinopsis
parvifolia

Agallochum
grandiflorum
Agallochum sinense
Agquilaria chinensis
Aquilaria
grandiflora
Agquilaria
ophispermum
Ophispermum
sinense

Year
first
reported

1922

1783

1875

1960

1924

2005

1825

S.Y. Lee and R. Mohamed

Distribution
India

Bangladesh
Bhutan
India
Indonesia
Iran
Malaysia
Myanmar
Philippines
Singapore
Thailand

Indonesia
Malaysia
Singapore

Philippines

Malaysia

Thailand
Vietnam

China

Conservation
status (IUCN)

1998: Vulnerable
Alcd

1998: Vulnerable
Ald

1997: Vulnerable
1998: Data
Deficient

2012: Critically
Endangered
Blab(v)

1997: Vulnerable
1998: Vulnerable
B1+2cde
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Table 1.2 (continued)

Year
Basionyms and first Conservation
No | Species names® synonyms reported | Distribution | status (IUCN)
19 | Agquilaria - 1964 Thailand -
subintegra Ding
Hou
20 | Aguilaria Gyrinopsis 1922 Philippines | —
urdanetensis urdanetense
(Elmer) Hallier f. Gyrinopsis
urdanetensis
21 | Aquilaria - 1985 China -
yunnanensis
S.C. Huang
2According to Version 1.1 of The Plant List (2013), http://www.theplantlist.org, assessed on 26
January 2016

—not available

>

BHUTAN

|

BANOLADESH

Fig. 1.1 A map of the Indomalesia region. The imaginary lines are drawn to illustrate the distribu-
tion of Aquilaria species into four parts of the region

In the southwest end, endemic species has not been reported. The common
Agquilaria species are again A. malaccensis in Sumatra and Kalimantan of Indonesia,
A. beccariana in Kalimantan, and A. microcarpa in Singapore and Kalimantan.
Meanwhile, the southeast region consists of mainly West Papua of Indonesia and
Papua New Guinea, where A. filaria dominates.
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1.5 Conservation Status

In modern days, beginning from the twentieth century, Aquilaria receives great
attention from societies around the world because of agarwood’s economic value.
Demand for agarwood increased when the market flows extensively into the Arab
society for perfumery, Indian society for religious application, and Chinese society
for incense and medicinal purposes, triggering the needs to search for more of these
agarwood-producing trees. The production of agarwood was not consistent, and
extensive harvesting of the trees threatened the reproduction cycle in its natural
environment. The undesirable phenomenon draws the attention of the Convention
of International Trade in Endangered Species of Wild Fauna and Flora (CITES) to
control the trade of agarwood by restricting the quota of goods exported from each
country. When Aquilaria tree was first exploited, much of the demand in the agar-
wood market was sourced by A. malaccensis, threatening its sustainability in the
wild. Consequently, the species became the first Aquilaria listed in the Appendix II
of CITES, bringing its status to “potentially threatened with extinction” (CITES
1994). While agarwood trades were under strict controls by official authorities,
traders tend to locate alternative agarwood sources to meet the ever-increasing
demand from the consumers. It was then discovered that several other Aquilaria
species and members of at least another genera, Gyrinops, also produce agarwood.
As aresult, in the 13th CITES Conference meeting for Consideration of Proposals
for Amendment of Appendices I and II, Indonesia as the proponent raised the issue
for the inclusion of Aquilaria species and Gyrinops species in Appendix II. The new
inclusion was accepted in 2005 (CITES 2004). Other international organization also
heightened public awareness toward this genus. The global environmental organiza-
tion, the International Union for Conservation of Nature and Natural Resources
(IUCN), for example, listed nine Aquilaria species under the IUCN Red List of
Threatened Species since 1998. At present, seven species are reportedly vulnerable
while two others are critically endangered.

Since the very first species was identified in 1783, the understanding of the genus
Agquilaria is still subject to reviewing and information collection from natural stands
in the wild. On herbarium basis, misidentification often occurs for this genus. As
Agquilaria trees in the wild are rarely seen with fruits and flowers, identification
efforts can be really difficult. This problem was highlighted by The Wildlife Trade
Monitoring Network (TRAFFIC) (Wyn and Anak 2010), giving example on
Browne’s (1955) findings of Aquilaria species occurrence in the state of Sarawak in
Malaysia, speculating most of them as A. malaccensis. However, the author was
unable to shed light on the species due to lack of reproductive parts. On contrary,
Anderson (1980) clarified that A. malaccensis is rarely available in Sarawak. His
observation was based only on a single herbarium specimen, which was collected in
Marudi, East of Sarawak. Subsequently, Tawan (2004) reviewed the herbarium
specimen and identified it as A. beccariana.

Current international effort focuses on combining multiple checklist datasets to
reexamine the genus identity. One such effort is led by the Royal Botanic Gardens
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and Kew and Missouri Botanical Garden, which brought into being The Plant List
in 2010. From the latest release, version 1.1, in May 2012, 21 out of 47 names were
accepted (note: Tropicos recorded that the orthography for A. banaense was cor-
rected to A. banaensis (H6 1992)). As taxonomy solely depends on the morphologi-
cal characteristics of the plant itself, probability of misidentification cannot be
avoided. It will be a continuous effort to identify the correct species name and
exclude the synonyms from time to time. Cooperation between experienced botanist
and ecologist is required to reassessed the natural populations and review the type
specimens to reduce the error of identification.

1.6 Domestication of the Genus

As the agarwood business is deemed lucrative, many individuals, entrepreneurs, and
government agencies have ventured into Aquilaria plantations. Several species have
been mass cultivated as plantation species in climate-suitable countries including A.
crassna (widely spread), A. malaccensis (Peninsular Malaysia, West Indonesia,
East India), A. microcarpa (Borneo region), A. sinensis (China), A. subintegra
(South Thailand and Peninsular Malaysia), A. filaria (home gardens of East
Indonesia), and A. hirta (home gardens of Peninsular Malaysia and West Indonesia)
with the intention to sustainably produce agarwood in a short period of time.
Interestingly, although Agquilaria is considered a highly out-crossing tree
(Tangmitcharoen et al. 2008), yet, there is no formal records on hybrids in the field.
There have been instances where individuals maintained that they breed for hybrid
species; however, none has been scientifically supported. Perhaps the information is
treated with discreet.

When it comes to species selection for planting, many farmers do not have the
knowledge on which species to choose. They are often influenced by sellers of the
planting materials. Most of the time, sellers rely on personal perception when rec-
ommending the species of superior growth and agarwood yield. These unfortunately
are biased to the sellers, and most importantly are not corroborated with scientific
evidence. It has been proven that different species produce different chemical com-
pounds that make the agarwood scent unique to each species. In addition, the type
of inducers also affects the outcome.

In general, one has to consider several criteria when selecting a plantation
species:

(a) Trade market
The primary focus is targeted toward the trade market one wishes to pene-
trate. Different importing countries have different specific uses of the agarwood
and preferences in species of origin. For example, consumers from the Middle
East and India prefer agarwood from A. malaccensis source for perfumery and
religious traditions; China regards A. sinensis agarwood as having medicinal
properties; Korea acknowledges only A. malaccensis as true agarwood; and
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Japan prefers agarwood from A. crassna for meditation purposes. However,
other Aquilaria species possess a smaller-scale demand in perfumery, ornamen-
tal carvings, personal accessories, and cosmetics.
Species adaptability

Although Agquilaria species are from the tropical regions, there are still pos-
sibilities that exotic species brought into as plantation species may not survive
in the new planting environment. Most of the local planters cultivate native spe-
cies to ensure low percentage of mortality. Furthermore, there were informal
reports claiming that trees from other regions, which was proven prone to agar-
wood formation, actually did not produce the expected agarwood quality even
after the same inoculation treatment was carried out. This could be explained by
the phenotypic changes occurring in the tree, influencing it to be non-susceptible
toward agarwood formation. It was suggested that such risk can be reduced by
matching the seed source with similar ecological conditions to the planting site.
Auvailability of planting resources

Like many other agriculture plants, Aquilaria flowers and fruits almost annu-
ally. However, the fruiting season varies among populations and tends to be
inconsistent. Aquilaria trees are rare in the wild, numbers of mother trees that
are likely prone to agarwood formation are limited; hence, it is difficult to obtain
large amount of seeds suitable for plantation purposes. To ensure that the plant-
ing resources are sufficient and provide promising end products, getting seeds
and planting materials from reliable sources, such as an established seed orchard
or breeding center, is much recommended; however, their availability is scarce.
Establishment of R&D and silviculture practices

As planting Aquilaria is a long-term investment, an optimal plantation man-
agement system is required to ensure planters get to harvest before anything
goes wrong. Alongside with the planting, research on a suitable inoculation is
indeed a crucial step to produce agarwood. To date, most of the modern inocula-
tion techniques focus onto only a single Aquilaria species; therefore, planters
need to be aware of their planting material beforehand. Established planting
techniques, land use management, and pest and disease controls for the species
of interest are also important factors for planters to select their desired planting
materials. Reducing the risk of plantation investments by involving research-
associated authorities will help planters to obtain firsthand information to man-
age their plantations.

1.7 Description of Cultivated Aquilaria Species

For Agquilaria in general, species recognition relies much on their reproductive
parts, especially the fruit and calyx characteristics (Tawan 2004). Vegetative charac-
teristic such as the leaves shape remains subjective as phenotypic changes may
occur, causing alteration due to environment adaptation. From our own experience,
one cannot tell the species with certainty by relying on the leaf morphology, except
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for A. hirta, because of its distinctive puberulous leaf abaxial and leaf petiole. To aid
planters in identification, the vegetative and reproductive characteristics of five
commonly planted Aquilaria species are compiled here (Table 1.3). This descrip-
tion is not meant for taxonomical purposes but for field workers to help identify the
species. Descriptions were from field observations and published references: A.
crassna from Schmidt and Nguyen (2004), A. subintegra from Ding Hou (1964), A.
malaccensis and A. hirta from Ding Hou (1960), and A. sinensis from Flora
Reipublicae Popularis Sinicae (1991).

The simplest approach to identify the species of cultivated Aquilaria trees in
plantations is by referring to their fruit structure, also known as capsule. Typical
differences of the capsule structure include the size, the shape of the fruit apex and
base, the surface texture, and the size and shape of the calyx lobe (Fig. 1.2).
Therefore, species identification for common plantation species can be easily
carried out during their fruiting seasons. The common flowering and fruiting

Table 1.3 Vegetative and reproductive characteristics of cultivated Aquilaria species

A. crassna A. subintegra | A. malaccensis | A. sinensis A. hirta
Size Big tree Shrub Big tree Shrub Small tree
Leaf Elliptic Elliptic- Oblong- Orbicular, Elliptic to
shape oblong or lanceolate, elliptic-oblong, | elliptic-oblong
slightly caudate- obovate
obovate- acuminate
oblong
Leaf Leathery Papery Papery Leathery Semi-leathery,
texture
Leaf Smooth Almost Smooth Smooth Smooth above,
surface smooth Hairy beneath
Capsule | Round, Ellipsoid- Obovoid or Ovoid Oblanceolate
shape obovoid oblong obovoid acute
oblong
Capsule | Slight cuneate | Cuneate Cuneate Cuneate Cuneate
base
Capsule | Round Round Round Narrow or Sharp
apex round
Capsule | Heavily Slightly Smooth White silky or | Hairy
texture wrinkled wrinkled smooth
Calyx Broad-ovate Ovate- Ovate-oblong, | Spreading or Ovate and
lobe or —obovate, oblong, 2-3 mm long, | occasionally obtuse, 2-3 mm
12-15 mm 3.5-5 mm spreading or reflexed long
long, long reflexed
spreading or
occasionally
reflexed
Calyx Bell-shaped Bell-shaped | Bell-shaped Bell-shaped Cylindrical
tube
Flower 0.38 cm 0.75-1.1cm |2.5cm 2.5cm

length
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Fig. 1.2 Fruits of five commonly cultivated Aquilaria species. (a) A. subintegra capsule (top) is
egg-shaped, generally smaller compared to A. crassna (bottom), which is spherical and wrinkly,
while both have broad calyx lobes pointing toward the capsule base; (b) A. malaccensis is round at
the apex while slender at the base, with tiny calyx lobes recurving outward; (c¢) A. hirta is a bit
flattened, elongated, and pointy at the apex, covered with fine hair; and (d) A. sinensis is diamond-
shaped or sometimes oval with a narrow base, with calyx lobe similar to A. crassna, only narrower.
Arrows point to calyx lobes. Photos: (b) and (¢) Salleh Endot
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Fig. 1.3 Inflorescence of several Aquilaria species. (a) A. malaccensis is bell-shaped and yellow-
ish, (b) A. hirta is cylindrical, long, and fine haired, and (c) A. sinensis is bell-shaped and light
green and has long petals. Photo: (¢) Y. Yang

period for Aquilaria trees is between May and August (Fig. 1.3). Eventually, fruit-
ing frequency is greatly influenced by the climate and geographical differences
where the tree is populated (Soehartono and Newton 2001). Aquilaria fruit pro-
duces 1-2 seeds in a capsule, and seeds are important resources for cultivation
(Fig. 1.4). Aquilaria seeds are classified as recalcitrant seeds, which are very sen-
sitive to desiccation and cannot be kept for a long period. Under room tempera-
ture, the storage period for a successful germination is at maximum 3 days, after
which the germination rate drops. When kept under —10 °C, it can be stored for a
maximum of 25 days with promising survival rate (Aroonrungsikul et al. 2009;
Aroonrungsikul and Wongsatain 2010; Saikia and Khan 2012; Tabin and
Shrivastava 2014).

Planting materials are often young saplings ranging from 6 months to 2 years
old. Species identification on young saplings is a difficult task as reproductive parts
are absent. In such scenario, effective identification can only be carried out through
leaf morphology. Except for A. hirta which has hairy leaves, all the remaining com-
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Fig. 1.4 Capsules and seeds of five commonly cultivated Aquilaria species. (a) Capsule of A.
subintegra (left) and A. crassna (right); the latter is round in shape, while the former is oblong with
a cuneate or triangle base (red arrow); (b) seed of A. crassna (right) is reddish brown, with a
wrinkled appendage, which is clearly seen in the previous photo (yellow arrow) and is bigger than
A. subintegra seed (left); (c) seeds of A. sinensis have long and slender appendages; and (d) A.
malaccensis seed is small and round and has a reddish short appendage. Capsules (a) and (d) are
on the same scale. Photo: (d) Salleh Endot

monly cultivated Aquilaria species have similar leaf characteristics at young age. A
study on the vegetative description of three Aquilaria species in Malaysia was car-
ried out by describing distinctive vegetative characteristics of the saplings. Although
it could be done, Aquilaria saplings identification remains a challenging job for
inexperienced individuals (Lee et al. 2013). At present, identification efforts can be
supported using molecular approaches such as DNA markers. Unlike conventional
identification, molecular-based identification does not require a professional or
experienced personal to identify tree morphology. Armed with simple laboratory
procedures and basic facilities, which are available at any descent research institu-
tions, species identification can be accomplished in a rapid manner and most impor-
tantly with confidence. A well-optimized molecular technique can be an effective
tool to ascertain species identity and potentially contributes in breeding programs
for Aquilaria (Lee et al. 2011).
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In Indonesia, Aquilaria planting is carried out at a small to medium scale, and the
trees of choice are “filaria” and “malakensis.” However, this grouping does not
indicate a specific species; rather it was a general trade name that distinguishes
agarwood from the eastern and western regions of Indonesia, respectively, and may
include Gyrinops species. Gyrinops is a closely related agarwood-producing tree
under the same family that populates the same region as the Aquilaria (Takeuchi
and Golman 2002). Planters could misidentify and wrongly reported their planting
materials to the authorities, thus causing incorrect evaluation of the preferred plan-
tation species in the region. Due to the ambiguity of the planted species, we have
excluded them from this section.

1.8 Brief Notes on Gyrinops, a Closely Related Genus

Together under the same subfamily Aquilariodeae, the genus Gyrinops is the near-
est tree to Aquilaria. These two genera are taxonomically different only by the
number of stamens: Aquilaria has eight to twelve stamens, while Gyrinops has five.
The first Gyrinops was recorded in the year 1791 by Joseph Gaertner; Gyrinops
walla was the type specimen.

With a total of nine accepted species name under the genus Gyrinops, seven were
found distributed in the southeast of Indomalesia regions, namely, Indonesia and
Papua New Guinea (Table 1.4). Those that are endemic to Indonesia are G. decipiens,
G. moluccana, G. podocarpa, and G. versteegii, while G. caudata is endemic to
Papua New Guinea. Two other species, G. ledermannii and G. salicifolia, are found
in both countries. Further north in the Indomalesia region, G. vidalii has been
reported endemic to Laos and G. walla to Sri Lanka.

Similar to Aquilaria, the Gyrinops is also classified as agarwood-producing
trees. To date, only three species are known agarwood producers: G. ledermannii,
G. versteegii, and G. walla (Hou 1960; Ng et al. 1997; Compton and Zich 2002;
Subasinghe et al. 2012). The genus Gyrinops was listed under Appendix II of CITES
in 2005 together with the genus Aquilaria as a conservation effort; however, it was
not included in the IUCN Red List perhaps because the exploitation of its natural
population was not as alarming as Aquilaria.

In Papua New Guinea, where A. filaria and G. ledermannii can both be found,
identification is compounded by them sharing the same morphology. Careful exam-
ination, however, revealed that Gyrinops contains the same number of stamens as
the petals, while Aquilaria has twice the number of stamens to the petals. In terms
of agarwood, no one genus is superior to the other. Gyrinops plantations were initi-
ated as early as 1998 without prior information on its taxonomy. A thorough tax-
onomy study was then carried out in 2001 where the plantation species was identified
as G. ledermannii (Subasinghe et al. 2012).

Because of very similar characteristics between the two genera, the idea to con-
solidate Aquilaria and Gyrinops became apparent. Hailier (1922) and Ding Hou
(1960) acknowledged that both genera are highly similar in taxonomical character-
istics, and the difference in number of stamens should not be the major factor for
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Table 1.4 Accepted names and distribution of Gyrinops species

S.Y. Lee and R. Mohamed

Year first
No. | Species name Basionyms and Synonyms reported | Distribution
1 Gyrinops caudata Agquilaria caudata 1932 Papua New Guinea
(Gilg) Domke Brachythalamus caudatus
Gyrinops audate
2 Gyrinops decipiens - 1960 Indonesia
Ding Hou
3 Gyrinops ledermannii | — 1932 Papua New Guinea
Domke Indonesia
4 Gyrinops moluccana | Aquilaria moluccana 1946 Indonesia
(Migq.) Baill Lachnolepis moluccana
5 Gyrinops podocarpa Agquilaria podocarpus 1932 Indonesia
(Gilg) Domke Brachythalamus podocarpus
Gyrinops ledermannii
Gyrinops podocarpus
6 Gyrinops salicifolia Gyrinopsis salicifolia 1916 Indonesia
Ridl. Papua New Guinea
7 Gyrinops versteegii Agquilaria versteegii 1932 Indonesia
(Gilg) Domke Brachythalamus versteegii
8 Gyrinops vidalii - 1987 Laos
PH.H6
9 Gyrinops walla Agquilaria walla 1791 Sri Lanka
Gaertn.

According to Version 1.1 of The Plant List (2013), http://www.theplantlist.org, assessed on 26
January 2016
—not available

natural segregation. Eurlings and Gravendeel (2005) conducted a phylogenetic
analysis on both genera by comparing morphological characteristics such as the
shape of the calyx tube, lobes and fruits, presence or absence of leaf indumenta, and
prominence of leaf venation. These attributes seem to correlate better with molecu-
lar clades formed, rather than the number of stamens, which is highly homopla-
sious. With further research, it is perceivable that Gyrinops may be reduced into
Aquilaria synonym as it can reflect natural resemblances better.

1.9 Conclusions

As an endangered genus, the understanding of Aquilaria botany and taxonomy is an
essential step toward conservation in the wild. With its natural population spreading
across more than ten countries, further deteriorated by its scarcity in numbers and
thus being threatened to extinction, the work for conservation must be carried out
with full cooperation from all authorities. New efforts to review Aquilaria taxon-
omy and systematics could be initiated by recollecting specimens of several species,
starting with those that have not been updated recently. An example are the endemic
species of the Philippines, whereby the latest record is from 1946. Furthermore, by
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taking advantage of molecular data, it may aid in taxonomy work such as in the
classification of Agquilaria species, identification of species origin of agarwood
products, and resolution of issues regarding species affinities between Aquilaria
and Gyrinops.
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