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Two separate trials were established to determine the effictiveness of stem coppice and direct seeding on Santalum spicatum 
regeneration levels at Nanga station, near Shark Bay. In August-December 1988, 200 naturally occurring S. spicatum trees 
were harvested by cutting the stem at 150 mm above the base. These cut stems were divided into four protection treatments: 
control, brambles, ring-lock and rabbit netting. Twelve years after harvesting, 40.8% of the trees were alive. At this age, 
mean height of the coppice was 1. 7 m and mean stem diameter was 28 mm. The mean number of coppice stems per tree was 
nine. There was no evidence of grazing and the protection treatments were not significantly diffirent. Coppice stems began 
flowering at age four years, and 15 % of coppice stems produced mature fruit at age 12 years. In May 1990, 900 S. spicatum 
seeds were planted in natural vegetation on four dune face slopes: west-facing, valley, east-facing and ridge top. In October 
1990, 40.0 %of the seeds had germinated At age 10 years, S. spicatum mean seedling survival was 30.4 %and was highest 
on the west-facing slope (41.5 %). However, dune position had no significant influence on seedling survival. Growth was 
similar between treatments, with mean height of 1.9 m and a mean stem diameter of 32 mm. Mature fruit was present on 24 % 
of the seedlings at age 10 years. Both stem coppice and direct seeding are ejfoctive regenerating techniques for S. spicatum at 
Nanga Station. 

Introduction 

In Western Australia, approximately 
2000 tonne of Santalum spicatum is 
harvested per annum (Jones 2001). 
Harvesting occurs mainly from 
natural stands in the semi-arid re
gions of the Goldfields and Mid
west. Natural recruitment in these 
regions is generally low (KeaHey 
1991 Brand 1999), perhaps due to 
poor seed dispersal and grazing 
(Brand 2000). Moving S. spicatum 
seeds away from parent trees and 
planting them near suitable host 
plants protected from grazing has 
shown to dramatically improve re
generation in semi-arid regions 
(Brand 2000). This planting tech
nique is now incorporated in the 
S. spicatum harvesting guidelines to 
improve regeneration and promote 
sustainable harvesting. 

Besides seed enriching host plants, 
stem coppice may also be a suitable 
method to improve regeneration. In 
Western Australia, the entire 
S. spicatum tree is normally har
vested using a four-wheel-drive ve
hicle because the roots contain valu
able oils, and stem coppice survival 
is generally low in places such as 
the Goldfields (Loneragan 1990). 
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Low stem and root coppice success 
rates have also been recorded for 
Santalum lanceolatum growing in 
Queensland (Bristow et al 2000). 
However, stem coppice occurs fre
quently in S. spicatum after harvest
ing at Shark Bay (Garth Pinnegar, 
personal communications), and 
some coppice stems have reached 
commercial size. S. spicatum trees 
growing at Shark Bay used to be 
harvested by cutting the stem at 
ground level because the vegetation 
is too dense and the soil is too sandy 
to harvest with vehicles. In this re
gion, the S. spicatum grow on deep 
red sand dunes that support a dense 
covering of Acacia shrubs (Payne et 
a/ 1987). In 1988, 71 mature S. spi
catum growing naturally at Nanga 
were cut near the base and 58 %of 
these had live coppice three years 
later (Doronila and Fox 1991). 

At Nanga, the S. spicatum trees also 
appear to be more common on south 
and west-facing dune slopes than 
north and east-facing slopes (Garth 
Pinnegar, personal communica
tions), which may be due to the cool 
sea breeze. The S. spicatum are 
growing within 10 km of the ocean 
and the south-westerly sea breeze in 
the summer may reduce heat stress 
and promote survival on the south 

and west sides of sand dunes . The 
influence of dune position may af
fect seedling survival of S. spicatum 
in these environments. 

The aim of this study was to deter
mine the effectiveness of regenerat
ing S. spicatum after harvesting us
ing (i) stem coppice and (ii) direct 
seeding. This study examined the 
effect of grazing on stem coppice 
survival. The effect of dune position 
on S. spicatum seedling survival was 
also investigated. 

Methods 

On Nanga station (26°13'S, 
113°52'E), S. spicatum coppice and 
seedling trials were established in 
natural vegetation on deep red sand 
dunes. Nanga was managed for 
sheep grazing and was stocked dur
ing the trial (1988-2000). Besides 
sheep, there was also the potential of 
grazing by goats and rabbits. The 
trial sites consisted of a dense cover
ing of potential host species includ
ing Acacia ramulosa, A. scleros
perma and A. tetragonophylla. The 
mean annual rainfall at Denham 
(25°56'S, 113°32 'E) is 227 mm, and 
between 1989 and 2000 the annual 
rainfall ranged from 171 to 375 mm. 



Stem coppice 
In 1988, 200 mature S. spicatum 
trees growing naturally at the site 
were selected within an area of ap
proximately 30 ha. All trees were 
commercial size, with stem diame
ters at 150 mm above the ground 
between 151 and 364 mm. In Au
gust-December 1988, each S. spica
tum tree was harvested by cutting 
the stem (at 150 mm) with a chain
saw. 

The harvested trees were randomly 
allocated to four protection treat
ments: control, brambles, ring-lock 
and rabbit netting. No protection 
was given for the control stems. 
Discarded branches (or 'brambles') 
were placed on the cut stems as a 
cheap form of protection. Standard 
ring-lock was fenced around cut 
stems in a radius of approximately 
I m by a height of 1 m to prevent 
grazing by sheep and goats. Rabbit 
netting was fenced around the other 
stems in a radius of approximately 
1 m and a height of I m to prevent 
grazing by all herbivores. Each 
treatment contained 10-15 stems 
and was replicated four times. Cop
pice survival, height, stem number 
and diameter (at 150 mm) were 
measured at age four, eight and 12 
years. 

Direct seeding 
The effect of dune face on 
S. spicatum seedling survival and 
growth was examined on four dif
ferent dune faces: east-facing slope, 
valley floor, west-facing slope and 
ridge top . On each dune face, three 
seeds were planted 2.5 m apart in a 
row (or plot) containing ten planting 
spots. Plots were established 4 m 
apart in a grid pattern and pseu
doreplicated 20-30 times, giving a 
total of 200-300 planting spots on 
each dune face. Each dune face 
treatment was 0.2-0.3 ha and within 
1 km of the other treatments. 

The S. spicatum seeds were col
lected from Nanga and were sown 
2-3 em below the surface in May 
1990. Seedling survival, height and 

stem diameter (at 150 mm) were 
measured at age one, two, three, 
four, six and 10 years. 

Statistics 
Mean S. spicatum survival and 
growth measurements (height, stem 
diameter and number of stems) were 
compared between treatments using 
one-way Analysis of Variance 
(ANOV A). S. spicatum survival 
was angular transformed and Sys
tat® was used to analyse the data . 

Results 

Stem coppice 
After harvesting, the proportion of 
S. spicatum trees with live coppice 
was 53 .1± 4.7% at age four years, 
44.4± 4.6 %at age eight years, and 
40.8± 4.6 % at age 12 years 
(Figure 1). At age 12 years, sur
vival was highest within rabbit net
ting (56.7 ± 8.4 %, Figure 2) and 
lowest in the control (31.7 ± 5.7 %) 
but there were no significant differ
ences between treatments 
(p = 0.276). There was no evidence 
of grazing within each protection 
treatment. 

Growth was similar between treat
ments, with mean heights of 0.8 
± 0.05 m at age four years, 1.3 
± 0.05 mat age eight years and 1.7 
± 0.1 mat age 12 years (Figure 3). 

At age 12 years, mean height was 
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Figure 2. Mean survival (± standard 
error) of S. spicatum coppice treatments 
at Nanga over 12 years. 

the same between coppice treat
ments (p = 0.123). The mean num
ber of coppice stems per tree was 
9.1 ± 0.6 and was not significantly 
different between treatments 
(p = 0.066). The mean diameter of 
the largest stem from each tree was 
28 ± 1 mm and was similar between 
treatments (p = 0.630). Flowers 
were observed on one of the coppice 
stems at age four years. At age 12 
years, 15 % of the trees were pro
ducing fully developed seeds. 

Direct seeding 
In October 1990, S. spicatum germi
nation was 40.0 ± 2.1 % and was 
similar between treatments . In No
vember 2000 (age 10 years), mean 
seedling survival was 30.4 ± 3.2 % 
(Figure 4) and was not significantly 
different between dune face treat
ments (p = 0.108). 

Figure 1. S. spicatum stem coppice at age 12 years. This individual had over 20 stems. 
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Figure 3. Mean height(± standard er
ror) of S. spicatum coppice treatments at 
Nanga over 12 years. 

Mean seedling survival was 41.5 
± 6.5 %on the west, 36.3 ± 7.7 % 
on the hill, 24.1 ± 5.9 % in the val
ley, and 22.3 ± 6.3 % on the east. 
At age 10 years, mean height was 
1.9 ± 0.1m, and was not signifi
cantly different between treatments 
(p = 0.393). Mean stem diameter 
was 32 ± 2mm, and was also simi
lar between treatments (p = 0.273). 
At the same age, 24 % of the seed
lings were producing fully devel
oped seeds. 

Discussion 

Stem coppice 
At Nanga, stem coppice was an ef
fective method of regenerating 
S. spicatum, with a mean survival 
of 40 .8 %at age 12 years. Protec-

10 

tion treatments had no significant 
effect on coppice survival or growth. 
It appears that grazing was not a fac
tor affecting coppice survival during 
the trial. Growth was similar be
tween treatments, with stem diame
ters (at 150 mm) increasing only 2-3 
mm yr"1

. These slow growth rates 
are typical of S. spicatum growing in 
semi -arid regions (Loneragan 1990). 
At age 12 years, 15% ofthe coppice 
stems were producing mature fruit, 
which has the potential to promote 
further regeneration ofthe species. 

The relatively high stem coppice 
survival was not due to rainfall, be
cause the mean annual rainfall near 
Nanga was only 229 mm during the 
trial. Instead, the high coppice rate 
at Nanga may be related to the trees 
growing on deep red sands. The soft 
soils may have enabled a relatively 
large root system to develop, thus 
providing a large resource base to 
successfully coppice. 

"It appears that stem coppice may 
be a usefol method of sustaining S. 
spicatum after harvesting, espe

cially on deep red sands. " 

It appears that stem coppice may be 
a useful method of sustaining S. spi
catum after harvesting, especially on 
deep red sands. Regenerating S. spi
catum using stem coppice might also 
be a useft1l method of obtaining a 
second rotation of commercial tim
ber from a plantation, especially in 
the higher rainfall regions. S. spica
tum plantations are currently being 
established on farn1land in the 400-
600 mm annual rainfall regions of 
the Wheatbelt and Midwest (Shea et 
al 1998). The effectiveness of stem 
coppice on these plantations should 
be investigated. 
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Figure 4. S. spicatum survival on four 
different dtme faces: west, hill, valley 
and east. 
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and a mean survival of 30.4 % at age 
10 years. Brand (2000) also re-

corded S. spicatum survival rates of 
20-30 % at age three years when 
planted near Acacia burkittii, A. ra
mulosa, A. tetragonophylla and 
Hakea recurva, at Ninghan station. 
These results further show that di
rect seeding S. spicatum near suit
able host species is an effective 
method to promote regeneration 
within natural stands. 

Although S. spicatum seedling sur
vival was highest on the west face 
(41.5 %), dune face direction had no 
significant impact on seedling sur
vival. Survival rates were highly 
variable within treatments, which 
was probably due to the availability 
of suitable host roots . The 
S. spicatum seeds were planted in a 
grid pattern in vegetation that con
tained a range of species . Therefore, 
suitable host roots may not have 
been available to all S. spicatum 
seedlings. 

Seedling growth was similar be
tween treatments, with a mean seed
ling height of 1.9 m and a mean 
stem diameter of 32 mm at age 10 
years. At this age, 24% of the seed
lings were producing mature fruits. 
Therefore, the seeds from these 
seedlings also have the potential to 
further increase S. spicatum regen
eration at Nanga station. 
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SANDALWOOD WORK IN SPRIG 
A pilot phase of SPRIG (South Pa
cific Regional Initiative on Forest Ge
netic Resources) ran for three years 
from 1996 - 2000. This project was 
funded by AusAID and implemented 
by the Forestry Departments in Fiji, 
Samoa, Solomon Islands, Tonga and 
Vanuatu and an Australian consor
tium comprising CSIRO Forestry & 
Forest Products, Queensland Forest 
Research Institute and Fortech. San
dalwood is an economically impor
tant, but threatened, indigenous tree in 
Fiji, Tonga and Vanuatu. During 
Phase 1, conservation and manage
ment strategies were developed for 
the two local species, viz. San/alum 
yasi in Fiji & Tonga and S. austro
caledonicum in Vanuatu. These 
strategies will continue to develop 
over time and be progressively imple
mented as resources allow. Copies of 
these strategies are available from the 
Australian SPRIG Project Office (see 
contact details). 

SPRIG Phase 2 is a five-year 
AusAID-funded regional project in 
the South Pacific which commenced 
in May 2001. The project goal is " to 
help Pacific Island countries con
serve, improve and beller promote the 
wise use of the genetic resources of 
priority regional tree species to en
hance environmental protection and 
to promote economic and rural devel
opment''. The purpose of SPRIG ' 
Phase 2 is " to strengthen the capacity 
of the participating Departments and 
Regional Organisations to conserve, 
improve and better promote the wise 
use of priority genetic resources in 
order to promote sustainable rural 

The jive components of SPRIG 2 are: 
1. Institutional strengthening and re

gional networking, 
2. Conservation and sustainable man· 

agement of priority species, 
3. Tree improvement, 
4. Demonstrating linkages between 

conservation, tree improvement 
and enhanced rural incomes, and 

5. Project Management. 

The main work on sandalwood in 
SPRIG Phase 2 will be in Compo
nents 2 and 4. As part of Component 
2, key elements of the sandalwood 
conservation strategies will be imple
mented, while in Component 4 three 
ha of sandalwood seed stands/gene 
conservation stands will be estab
lished in each of Fiji, Tonga and 
Vanuatu. Training will include a 
short course in conservation of forest 
genetic resources, including sandal
wood, and forest biodiversity m 
Vanuatu in June 2002. 

Contacts for sandalwood work in 
SPRIG Phase 2 are as follows: 

Team Leader - SPRIG Phase 2 
Attn: Dr Lex Thomson 
PO Box E4008, Kingston, ACf, 2600, 
AUSTRALIA 
Ph: +6 1-2-6281-8242 
Fax: +61-2-6281-8266 
E-mail: Lex.Thomson@csiro.au 

Vegetative Propagation Specialist 
Attn: Mr Ken Robson 
Queensland Forestry Research 
Inst, PO Box 629, Atherton, 4883, Qld, 
AUSTRALIA 
Ph: +61-7-4095-7506 
Fax: +61-7-4095-7555 
Email : robsonk@prose.dpi.qld.gov.au 

Acting Principal Silviculturist 
Attn: Mr Inoke Waiqolo 
Silvicultural Research Division, 
Dept of Forestry, PO Box 2218, Suva 
REPUBLIC OF Fin 
Ph: +67-9-322-311 
Fax: +67-9-320-380 
E-mail : inoke@forestryresearch.gov .fj 

SPRIG Project Country Manager 
Attn: Mr Tevita Faka'osi 
Forestry and Conservation Division, 
Ministry of Agriculture & Forestry, PO 
Box 14, Nuku'alofa 
KINGDOM OF TONGA 
Ph: +67-6-29-500 
Fax: +67-6-24-271 
E-ntail: forestry@candw.to 

SPRIG Project Scientist 
Attn: Mr loan Viji 
Department of Forests, Private Mail 
Bag 004, Luganville, Espiritu Santo 
REPUBLIC OF VANUATU 
Ph: +67-8-36-616 
Fax: +67-8-36-112 development''. 

Sandalwood: a vital tree genetic resource for E-mail: sforestry@vanuatu.gov.vu 
sustainable rural development in the South 
Pacific (Salltalllmya.Yi, Vanua Levu, Fiji). 

Page 7 


