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EDITOR’S NOTE

1t is certainly an interesting time to be involved in sandalwood research and development. A growing number of people
are now engaged in establishing resources and initiatives to ensure natural sandalwood products will be available in the
coming generations. The papers contained within this issue of the Sandalwood Research Newsletter demonstrate this
diversity of activity. With growing awareness of sandalwood plantations in China our first paper reveals the details of
their current success in these endeavours. The growth and heartwood development achieved in these young plantings are
very encouraging for the establishment of an alternative source for sandalwood products in the future. Our second
paper outlines the recent establishment of an industry-first International Sandalwood Foundation. This non-profit
organisation has a number of programs aimed at supporting sandalwood research, development and conservation. Our
participation in The Foundation can help the industry better communicate within and between sectors and with

consumers and the public
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Abstract

The commercial value of sandal-
wood lies within its heartwood oil.
Heartwood development in planted san-
dalwood is therefore important to en-
sure the commercial success of such
ventures. With only recent experience in
planting sandalwood in China, it is
important to quantify heartwood devel-
opment in the young estate. In this study
we examine the growth, heartwood
presence and oil composition in a 6-
year-old sandal plantation located in
Gaoyao, Guangdong province, south
China using a sample survey method.
The results demonstrated an encourag-
ing growth rate, including an average
height of 5.26m, diameter at breast
height (DBH) of 8.70cm and diameter
at ground level (DGL) of 11.60cm.
Heartwood development was recorded
in 20% of trees sampled and oil concen-
tration in these trees ranged from
0.64% to 1.78%. The level of total san-
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Figure 1. Six-year-old sandal plantation at D.P.I. Gaoyao, Guangdong Province

talols was 32.1%-39.2%, which does
not meet with the quality of interna-
tional standard sandalwood oil, these
levels are however encouraging for
such young trees.

Santalum album growth and heartwood oil in China

Introduction

Santalum album L. (sandal) is an ev-
ergreen root hemi-parasite tree spe-
cies of great economic value. It is
renowned for its scented heartwood
which contains essential oil that has
wide applications in fragrances, cos-

International Sandalwood Foundation

tumes, carvings, medicines as well as
other products (Srinivasan et al.
1992). S. album was first introduced
to mainland China in 1962 from Indo-
nesia, and then was cultivated spo-
radically in south China during 1980°s
(Li 2003; Ma and Bunn 2007). Due to




a shortage of funds and lacking a set of
effective cultivation technology, estab-
lishment of large-scale sandal planta-
tions failed during that time. The devel-
opment of cultivation techniques and
policy support from State Forestry Ad-
ministration (SFA) of China, combined
to resolve these issues and sandal culti-
vation commenced in 2004 over a large
area in south China (Liu et al. 2009; Liu
et al. 2010a; Liu et al. 2010b).

While these developments are encour-
aging, more information is required on
heartwood formation, oil content and
oil composition, because the value of
sandalwood at harvest will depend
largely on the volume of heartwood, oil
concentration and santalol percentage
within the tree (Doran et al. 2005; Jones
et al. 2006). In India, sandalwood gen-
erally formed heartwood at the age of
10-13 years (Rai 1990), but results from
a study carried out in western Australia
on a l4-year old sandal plantation
showed that 25% of the individuals did
not form heartwood (Brand et al. 2006),
and approximately 14% of trees had not
formed heartwood by the age of 20
years from a field survey in Bangalore,
India (Arunkumar et al. 2011).

The aim of this study is to provide in-
formation on growth, heartwood forma-
tion, oil content and oil composition in
a 6-year old sandal plantation in Guang-
dong province of south China.

Methods

Site description

Field survey was conducted in a sandal-
wood plantation of Dragon Pearl Island
Sandalwood Industrial Technology Cor-
poration Limited (D.P.1.), which located
in Gaoyao, Guangdong province, south
China (22°54' N, 112°36' E). The plan-
tation which we investigated was estab-
lished in April, 2004 in a laterite soil
type with a sandalwood spacing of 3x3
m (Figure 1). The main hosts were
Caesalpinia sappan (Caesalpiniaceae),
Clausena lansium (Rutaceae), Ligus-
trum lucidum (Oleaceae), Murraya ex-
otica (Rutaceae), one of which were
planted between each 2 sandalwoods
also with a spacing of 3x3m respec-
tively.

Sampling method

Tree height, clear bole height, diameter
at ground level (DGL), diameter at
breast height (DBH) and crown width
across north to south of the trees in the
above sandal plantation were measured

Figure 2. Wood core sample extrac-
tion from a 6-year old sandal at 30cm
above ground level using an incre-
ment borer.

in October 2010. Generally the sandal
crowns were symmetrical, so measur-
ing in this fixed direction was consid-
ered to accurately represent the whole
crown. A subsample of 20 trees were
selected randomly for determining
heartwood presence and oil quality.

The presence of heartwood was deter-
mined through a core sampling
method according to Jones and
Plummer (2007). Wood cores were
taken using an increment borer
(Figure 2) at 30cm and 100cm above
ground level. The percentage of heart-
wood was determined roughly as the
square of the ratio of heartwood
width/total wood width at 30cm
height above ground level. The sam-
ples were used to determine oil con-
tent as well as oil composition.
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Oil distillation and analysis

Sapwood was removed from the cores,
and the remaining heartwood was
ground into fine particles. Oil was ex-
tracted from the powder using solvent
(diethyl ether) extraction method. Oil
content was determined by dry weight
and oil composition was determined by
gas chromatography-mass spectra (GC-
MS) according to the methodology of
Jones et al. (2007) and Howes et al.
(2004).

The GC-MS analysis was performed on
a Finnigan TRACE GC-2000-MSTM
(USA) instrument equipped with a DB-
5 column (Agilent, USA, 30m length,
0.25mm inside diameter and 0.25pum
film thickness). Injection port tempera-
ture was 220°C and oven initial tem-
perature was 45°C. Oven temperature
was ramped from 45°C at 3°C/min to
220°C and held for 5 min (Total run
time 63 min), carrier gas was helium
with a flow rate of 1.0ml/min and no
split was used. All oils were diluted to
1.0% (v/v) with diethyl ether prior to
analysis. Total injection volume was
1ul. The Mass Spectra were fitted with
an EI source operated at 70 eV with a
source temperature of 200°C, mass
spectra were recorded in the range m/z
35-335amu at 1 scan/0.75s. Each com-
pound (peak) was identified either from
retrieving the NIST standard mass spec-
trometry library or by comparing reten-
tion indices and/or mass spectra with
published data (Howes et al. 2004;
Jones et al. 2006; Sciarrone et al. 2011;
Shellie et al. 2004; Verghese et al.
1990). Relative content of each com-
pound was estimated according to the
relative area through an area normaliza-
tion method.
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Figure 3. Cores taken from young sandal at different heights within a tree (lower
core at 15cm, middle at 30cm and upper at 100cm)



Indices Mean Standgrd Maximum  Minimum
deviation

Height (m) 5.26 0.53 6.50 4.40

DBH (cm) 8.70 0.75 10.0 7.50

DGL (cm) 11.60 1.00 13.30 9.40

Clear bole height (m) 2.10 0.26 2.50 1.80

Crown width (m) 2.77 0.50 3.40 1.95

Table 1. Growth indices of 6-year old sandal plantation in D.P.I, Guangdong, China

Results

Tree Development

The morphology of the 6-year old
sandal plantation planted in D.P.I,
Gaoyao in Guangdong province of
south China was presented in Table 1.

Heartwood formation and oil content
In the sampled 20 trees, 4 trees were
found to have visible heartwood at the
height of 30cm above ground, of
which, one tree was detected to have
heartwood at 100cm height above
ground. Heartwood can be easily dis-
tinguished from sapwood because of
its darker colour (Figure 3). Heart-
wood proportion on the sample cross-
sections ranged from 8.52% to
15.67% in area (estimated by sample
cores), oil content of these samples
ranged from 0.64 to 1.78%.

Oil composition

Total ion chromatogram of sandal
essential oil was shown in Figure 4,
and 27 compounds were isolated,
compound names and the correspond-

ing relative content were listed in Ta-
ble 2. From Table 2, we found that the
main ingredients in sandalwood oil
such as a-santalol, pf-santalol, a-
santalene, f-santalene, epi-f-santalol ,
a-trans-bergamotenol and teresantalol
were detected in these young sandal
trees (Jones and Plummer 2007; Sci-
arrone et al. 2011), but the relative
content of each compound was low.
Total santalol content ranged from
32.1% to 39.2%.

Discussion

Compared to earlier more sporadi-
cally planted sandalwood in Guang-
dong province (Huang et al. 1989; Li
2003), these more recent, larger-scale
plantings exhibit a better growth per-
formance (including height and di-
ameter growth, data not shown). A
total of 20% of sampled trees have
formed heartwood naturally, this ratio
is very encouraging in the 6-year old
plantation, which may indicate that
sandal can not only planted in large
scale in China, but also show an in-
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Figure 4. Total ion chromatogram of essential oil extracted from 6-year-old young
sandal. Full descriptions for each numbered compound are on Table 2 (Page 4).

spiring growth performance and a high
ratio of forming heartwood at an early
age (6-year-old have started to form
heartwood naturally). This phenomenon
may have something to do with im-
proved cultivation techniques such as
site  management, host configuration
and management, fertilization, irriga-
tion, weed control etc.

Although oils extracted from these
young sandal trees contains the main
ingredients of sandalwood oil, the con-
tent were low compared with 14-year
and 15-year old trees planted in Austra-
lia (Brand et al. 2006; Brand et al
2007) or mature trees planted in India
(Jayappa et al. 1981). The a-santalol
was 15.2%-22.9%. and f-santalol was
8.89%-12.46%, these have not meet the
current ISO standards for S. album oil,
which are 41-55% of a-santalol and 16-
24% of p-santalol (ISO 2002). Apart
from the main ingredients of sandal-
wood oil, many other hydrocarbons or
carbohydrates such as eicosane, hexa-
decanoic acid, octadecanoic acid were
isolated from the heartwood (Table 2),
these compounds are possibly servicing
as a precursor for sandalwood oil syn-
thesis. As the growth and development
progresses, these compounds may con-
vert to santalols under the control of
secondary metabolism or other meta-
bolic path, so the content of santalols
can accumulate gradually.

These results were encouraging, and
provided an evidence that young sandal
plantations grown in south China
started to produce heartwood or essen-
tial oil as early as age 6 years. Although
heartwood formation and oil accumula-
tion are two independent processes
(Arunkumar et al. 2011), we still should
pay great attention on studying the
mechanism of heartwood or oil forma-
tion. By doing this, we may develop an
efficient technology to speed or acceler-
ate the heartwood formation or oil accu-
mulation.
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The International Sandalwood Foundation:
A Non-Profit Organization Dedicated to Scientific Research and Sustainable Harvesting of
Sandalwood

Danica T. Harbaugh-Reynaud
Executive Director, International Sandalwood Foundation.
P.O. Box 2924 El Cerrito, CA 94530, USA

Introduction
Like many of you, I’ve devoted much of my adult life to researching- and falling in love with- sandalwoods. There is an undeni-

able attraction to this culturally and ecologically important plant. Revered by millions, if not billions, of people throughout the
world for its ethereal scent, sandalwood is one of the most valuable plants on earth. Its parasitic nature, requiring it to rely on its
neighboring hosts for life and support, has inspired many to connect to sandalwoods in a spiritual way. Few plants on this earth
have this heavenly status, and the demand for its golden oil (now as precious as gold) has had dramatic affects on its ability to
survive and thrive in the wild. In fact, at least one species has gone extinct and several others are considered rare or endangered.
In India, where it is an integral part of cultural and spiritual traditions, sandalwood is now banned from export in its raw form to
help slow the impact on the declining populations, and now similar laws are being drafted in other regions.

For those of us that are interested in and devoted to sandalwood, there has never been a better time to focus on understanding
this unique plant and how we can conserve it for future generations. Over the past decade, I’ve had the opportunity to meet and
learn from many of you who are dedicated to growing, harvesting, conserving, and researching sandalwoods throughout the
world. Throughout my experience, and reading through the almost 20 years of Sandalwood Research Newsletter issues, one
thing that has become clear is: whether we are dedicated to scientific pursuits or in turning a profit, we all have many common
goals- understanding how sandalwoods grow and thrive, determining why there is variability from tree to tree or island to island,
and establishing the best practices for sustainable harvest.

Foundation Establishment

To support the activities of sandalwood scientists and foster their communication with those in the sandalwood trade and the
general public, I have created the International Sandalwood Foundation, a charitable nonprofit organization based in California,
USA. The Foundation is unique in that it represents not only the interests of scientists and conservationists, but also responsible
harvesters, growers and manufacturers. The hope is that by bringing together individuals and organizations from these many
“angles” so to speak, we not only help guide our research initiatives, but also provide the wealth of knowledge and expertise that
so many sandalwood researchers around the world can provide to those involved in the sandalwood trade.

Foundation Aim

Our ultimate goal is to promote sandalwood research and conservation, while at the same time promoting economic development
through responsible and sustainable harvest. The Foundation’s directors, advisors, and members represent not only some of the
top sandalwood researchers in the world, but other sandalwood experts, growers, landowners, and representatives from major
natural products companies.



Programs
Through its novel and ambitious three core programs, Sustainable Sandalwood™, SandalGeneBank™, and SandalSeedBan
the International Sandalwood Foundation aims to ensure that sandalwood sold on the market today has originated from sustain-
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able sources, increasing its marketability and value, and to guarantee that seeds and genetic resources are preserved for future
generations. The SandalGeneBank™ is a novel and comprehensive database of sandalwood genetic data from sandalwoods
around the world, which will allow us to assess the genetic diversity, population sizes, and taxonomy of sandalwoods worldwide.
And lastly, in partnership with member individuals and organizations, the SandalSeedBank™ is a collection of seeds from san-
dalwood populations for the preservation of genetic resources of existing wild populations, as well as for developing nurseries
for out-planting and re-introduction programs.

Outreach

Other activities of the Foundation include educational workshops and discussion forums, in person and online, to bridge-the-gap
between individual and corporate members and the public, to help bring awareness of the research and conservation issues fac-
ing sandalwood today. The International Sandalwood Foundation, along with several co-sponsors (TBA) will be holding a Sym-
posium on Sandalwood in the Pacific and Asia at the East West Center in Honolulu, HI in October 2012 (dates TBA); this sym-
posium is open to all members of the Foundation and will include several days of scientific workshops, presentations, and field-
trips focused on sandalwood. Additionally, we are currently developing a members-only webpage for announcements and adver-
tisements, and publishing a quarterly newsletter with scientific and popular articles, literature reviews, and other timely matters
related to sandalwood and the sandalwood trade. For more information, to share an idea, to participate in one of our programs, or
to become a member, please visit the Foundation’s website at www.sandalwoodfoundation.org or email me at

Danica@sandalwoodfoundation.org. This organization is dedicated to representing you and your interests, so I look forward to

hearing from you!
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