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A this edition of the Sandalwood

and the effect of different harvesting
Research Newsletter we explore the status methods on the immediate environment
of sandalwood research in Sri Lanka and has been queried. This work has played
the difference in Sandal harvesting

an important role in reinstating the ‘pull’
techniques on regeneration and yield in vs ‘cut’ method of harvesting Santalum
Queensland, Australia.

lanceolatum to increase recovery without

The article from Sri Lanka (Tenakoon et decreasing  regeneration. It also

al) shows us the increasing knowledge base highlights the need for continued research
of sandalwood being obtained through the

on sandalwood for the benefit of its
research efforts of the University of conservation and also for the expansion
Peradeniva. It is encouraging to see the

of this important industry in Queensland.
positive flow on effects that can be gained

Both articles demonstrate the benefits
from research by increasing practical and of continued research in sandalwood.
valuable information to the local

The aim of the SRN is to provide an
landholders. The information gathered is information source for the sustainable
also an important step fo determine

management of sandalwood worldwide.
variability of sandalwood in Sri Lanka, The conservation of sandalwood relies on
which will assist in identifying superior

effective local management, which is
provenances for high-quality sandalwood influenced by the fiscal realities of the
plantations.

global trade in sandalwood. A very real
The second article (Bristow et al)

concern with marketing for isolated
small-scale producers and traders of

demonsirates  the effect of different : .
harvesting methods on yield and sandalwood is the lack of public
recruitment of native sandalwood in information globally regarding Sandal.
Queensland ~ which has  important Even within Australia the differences

between prices gained for Santalum
lanceolatum between Western Ausiralia
and Queensland can vary considerably
(85000 per tonne compared to $1000 per
tonne respectively). My request therefore
is fo encourage authors to submit articles
in the area of trade and marketing of
sandalwood for a later issue. However,
abstracts on a diverse range of fopics
regarding sandalwood are welcome for
the next edition.

We have now updated the SRN
mailing list and many thanks for your
responses. As always, new additions to
the list are welcome by sending details to
the editor. A reminder that all articles for
the next edition should be received by
November 2000.

Finally, my apologies for misprinting
in the previous issue the names of co-
authors Retno Maryani and Manuel Ruiz
Perez in the excellent article Can
sandalwood in East Nusa Tenggara
survive? Lessons from the policy impact
on resource sustainability (Page 3).

I hope you enjoy this edition.

Tanya Vernes

An Overview of Santalum album Research in
Sri Lanka

K.U. Tennakoon, S.P. Ekanayake & E.R.L.B Etampawala
Department of Botany, University of Peradeniya, Peradeniya, Sti Lanka

This paper outlines the background and present status of Santalum album research in Sri Lanka. The cur-
rent project is a detailed study undertaken to investigate the biology, ecology, sivieulture and physiology
of sandalwood in Sri Lanka. Assessments made during the pilot study and the experimental data collected
from the two established model nurseries of sandalwood will be used to provide training and know how to
the farmers and interested governmental and non-governmental organisations to establish their own San-
dal nurseries and subsequent sandalwood plantations. This project is funded by the Community Environ-
ment Initiative Facility implemented by the Environment Action 1 project of the Ministry of Forestry and
Environment. Sri Lanka under a World Bank fitnd.
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and intermediate climatic zones of Sri
Lanka (see Panabokke,1996; Mapa, So-
masiri, & Nagaraja 1999). The studies
conducted so far have shown a large
number of Santalum trees in the dis-
tricts of NuwaraEliya (mainly in the
Hanguranketha area ) and Badulla. As

Introduction

Santalum album is an indigenous and
culturally important plant species in Sri
Lanka. As shown in Figure 1, natural
stands of sandalwood are present in the
districts of Kandy, NuwaraEliya, Rat-
napura, and Badulla belonging to the wet

inside...

depicted in Figure 1, the distribution
pattern of sandalwood in the districts so
far investigated show large variations
from each other due to highly localized
distribution of natural stands. The rea-
son(s) for this patchy distribution pat-
tern is not yet understood. A majority of
these trees are yet to form heartwood,
therefore these are not merchantable
and are not harvested.

The sandalwood population in Sri
Lanka is on the decline due to several
reasons viz. habitat destruction, over
exploitation and lack of knowledge
among the tree farmers on the silvicul-
tural aspects of this woody root hemi-
parasitic species. The largest sandal-
wood tree so far recorded in the pilot
study had a DBH of 26.5cm and a
height of about 12m. The owner of the
tree claimed that the tree is about 20
years old (sec Photo 1).




N Geographical Grid Area
A5 Longitudinal Range
a Min 7°15° 7°10° 6°55’ 6°50° 6°45° 6°50° 6°55°
) Max 20 7°15° 7°00° 6°55’ 6°50° 6°55° 7°00°
Latitudinal Range
',J Min 80°40° 80°45’ 80°50° 80°55” 81°00° 81°00° 81°00°
,,J Max 80°45° 80°50° 80°55° 81°00° 81°05’ 81°05° 81°05°
/ Name of the Provenance
Haragama  Haguranketha HaliEla Welimada  Ambadandegama Ella Perawella
Transect
Number* Number of Individuals above Scm DBH
ket FERE I 1 128 25 21 65 95 51 9
2 29 4 70 30 34 9 0
L P e 1 3 7 0 40 50 0 3 0
. 4 1 0 46 6 0 0 0
: 5 164 0 125 0 0 0 0
i : 6 %8 0 32 65 0 0 1
! : 7 16 0 32 47 0 0 3
: i 8 82 0 31 45 0 0 28
‘ ' 9 36 0 10 15 0 0 0
, % 10 2 0 46 0 0 0 4

[Mean Annual Rain Fall (MAR)= 1925 mm ; Mean Annual Temperature (MAT)=24.5° C ; Soil Type= Reddish brown latezolic soil and immature brown loams
(Typic Troporthents)], NuwaraEliya [MAR= 1725 mm; MAT= 15,7° C; Soil Type= Red yellow Podzolic soils (Typic Paleudults)], Ratnapura (MAR= 3870
mm ; MAT=27.1° C; Soil Type= Red Latosols (Psaentic Paleudalfs), and Badulla [MAR= 1825 mm ; MAT= 22.5°C; Soil Type= Red yellow Podzolic soils

(Typic Paleudults))

Figure 1: Map showing the districts of Sri Lanka where natural stands of sandalwood (S. album) exist. The area so far investigated is highlighted

by the square. The species distribution in different provenances of this study area is summarised in the Table below.

1. Location

2. Agro-climatic zone

3. Annual rainfall (mm)
4. Soil type

5. Altitude (m)

6. DBH (cm)

7. Height up to the first branch
ofthetree

8. Height to top of Crown (cm)

9. Crown diameter (cm)

10. Fresh weight of fruits (mg)

(Averaee of 180 fruits)
11. Fresh weight of seeds (mg)

(Average of 180 seeds)
12. Leaf length (mm)
13. Leaf width (mm)
14, Length of the petiole/mm
15. Inter node length (mm)
16. Length of the fruit (mm)
17. Width of the fruit (mm)
18. Length of the seed (mm)
19. Width of the seed (mm)

Provenance
Hanguranketha Haragama Perawella
(NuwaraEliya District) (Kandy District) (Badulla District)
07° 10.100’N 07° 14.559°N 06° 56.237'N
80° 40.450°E 80° 43.260°E 80° 52.840'E
Intermediate zone Intermediate zone Intermediate zone
Mid country Mid country Mid country
875 875 1375

Immature brown loams and
Reddish brown latosolie soil
(Type Troporthents)

480
10.6+0.8
202.2425.9

361.14203
273.8421.1
1150+1

29542

63.19°10.98
25.81°+0.41
11.28*+0.16
16.97+0.50
1337 +0.83
12.06* +0.06
8.24° +0.04
7.04*+031

Immature brown loams and
Reddish brown latosolic soil
(Typic Troporthents)
520
8.6+0.7
74.4+26.8

273.3+13.6
245.5+27.4
103642

25041

69.99° +0.81
26.77* 10.33
12.19* 40.17
18.30° 10.16
9.86" +0.12
9.98° +0.15
7.44° +0.08
7.08" +0.08

Red yellow podsolic soils

(Type Paleudaifs)
1200
12.8+1.0
167.2+16.0

395.0460.0
31334447
nd

nd

67.94% +0.97
26.5% +0.47
12.93* +0.16
18.87" +0.24

nd

nd

nd

nd

Means in rows followed by the same letter are statistically not significantly different from each other (p>0.05 pair wise t-test).

nd = not detected.

Note: Parameters from No. 06 to no. 11 were obtained from nine individual trees. From No. 12, the parameters were obtained from

Table 1: Morphological characters shown by different sandalwood plants collected from three provenances in the NuwaraEliya, Kandy and

Badulla districts of Sri Lanka.
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Photo 1: One of the largest sandalwood trees
so far recorded by us (Badulla District, Sri
Lanka) in the pilot study conducted in January-

April). So far, investigations have
shown that the main determinant of

this lucrative industry in Sri Lanka.
Genetic Variability

March, 2000.

Photo : K.U. Tennakoon

Trade

According to a survey we carried
out in 1999, it was found that sandal-
wood is widely used in Sri Lanka as a
medicinal plant where the manufactur-
ers of ayurvedic medicinal products are
the principal users. A few dealers of
indigenous medicinal commodities re-
ported that they import sandalwood
from India for ayurvedic preparations.
However, exact quantities and prices
for imported sandalwood are unattain-
able. Extraction of sandalwood oil for
the perfume, cosmetic and wood catv-
ing industries, which gives the highest
return for the wood is in the hands of a
few individuals and private organiza-
tions in Sri Lanka. Farmers reported
that they are paid very low prices
(about US$ 1 per kilo of heart wood)
by the unscrupulous sandalwood trad-
ers. Due to this low return, villagers in
many sandalwood growing areas har-
vest pre mature trees even for firewood
and show little interest in replanting
sandalwood. During the survey we
found that the sandalwood trade in Sri
Lanka is shrouded with mystique and
the task of gathering reliable informa-
tion from the traders on supply levels
and prices was very difficult. The scar-
city of fully mature trees with high vol-
umes of heartwood and the low prices
paid by the unscrupulous traders have
hindered the growth and progress of

Results of a preliminary PCR
(polymerase chain reaction) study
carried out to ascertain the genetic
variability between the Indian and Sri
Lankan Santalum album varietics us-
ing a single random synthetic primer
(OPA2) showed no distinct variations
in the DNA banding patterns. How-
ever, the results of this study are not
yet conclusive, and need to be re-
peated several times using different
primers and different sandalwood
plants from seed collected in all the
provenances. As summarized in Ta-
ble 1, seeds collected from 3 prove-
nances [Hanguranketha (NuwaraEliya
district), Haragama (Kandy district)
and Perawella (Badulla district)] in
Sri Lanka show marked morphologi-
cal variations, but leaf characters in
these three provenances do not show
a significant variation. The morpho-
logical and genetic (if there are any)
variations and other characters such
as resistance to diseases, heart wood
volumes and oil quantities should be
taken into consideration for selection
of “plus” trees from which seeds are
collected in order to raise sandal-
wood in nurseries and establish high
qualities of Sandal plantations in Sri
Lanka.

Ecology

Natural stands of Sanfalum were
found in association with a range of
host species such as Gliricidia sepium

(Fabaceae), Samanea saman
(Fabaceae), Tamarindus indica
(Fabaceae), Lantana camara

(Verbenaceae), Cipadessa baccifera
(Meliaceae) & Neolitsea cassia
(Lauraceac). These tree and shrub
species were confirmed as potential
hosts for Santalum by examining
their roots parasitized by Santalum
haustoria. The performance of sandal-
wood plants with these host species
will be evaluated in future ficld stud-
ies. Experiments to evaluatc a range
of pot hosts that can be incorporated
to young Sandal seedlings have al-
ready commenced in our nurseries at
the University of Peradeniya, Sri
Lanka. S. album grown in Sri Lanka
flower and fruit somewhat sporadi-
cally throughout the year, with the
peak fruiting period being August -
October and another fruiting period in
the early part of the year (February-

flowering and seed production of
Sandal is the prevailing local weather
conditions,

This was clearly observed in the
months of March and April 2000,
where buds, flowers and fully mature
fruits were often found simultane-
ously in many mature sandalwood
trees in the Kandy district. This can
be attributed to the regular rains ex-
perienced in the Kandy district espe-
cially since mid of 1999. Kealley
(1991) has reported similar observa-
tions for sandalwood grown in West-
ern Australia. Spike disease, one of
the most common diseases reported
for sandalwood in many parts of the
world has not being reported so far in
Sri Lanka. Interestingly in the
Badulla district, another woody root
hemiparasitic shrub of the family
Santalaceae, Osyris wigliana was
seen intermixed with natural stands of
sandalwood. Examinations of natural
stands of sandalwood in Sri Lanka
showed that it spread clonally by
prolific root suckering. After mild
fires resprouting was observed from
bases of burnt shoots and from new
suckers arising at intervals along the
partly burnt and exposed lateral root-
stock. sandalwood however cannot
tolerate intense fires and in some in-
stances this has lead to the death of
the whole clone.

Nursery Technology

In a preliminary investigation car-
ried out to determine the germination
requirements of sandalwood seeds,
treatment with 0. 05% gibberelic acid
was found to be the best method to
enhance the germination rate of san-
dalwood seeds. Interestingly sandal-
wood seeds obtained from all parts of
Sri Lanka showed a markedly high
rate of germination (>70%) even
without any pre-treatment. However,
the seeds showed an initial dormancy
period of about two months.

A pot host experiment using
Phaseolus mungo and Cosmos sul-
phureus as potential hosts to sandal-
wood showed marked improvements
of the height, root collar diameter and
dry weights of the one year old san-
dalwood plants compared to those
plants grown alone (autotrophically).
The sandalwood plants parasitizing
the hosts also showed high



chlorophyll contents and carbon fixa-
tion rates than the unparasitized sandal-
wood plants. In the same sandalwood-
host associations, sandalwood plants
always showed more negative water
potential values than the associated
hosts, thus maintaining a water poten-
tial gradient favorable to sandalwood in
order to abstract xylem derived solutes
from the host roots via haustoria which
establish the intimate connection be-
tween the two partners. Examination of
both parasitized and unparasitized roots
of sandalwood showed Vesicular Ar-
buscular Mycorrhizal (VAM) infec-
tions, However the VAM infections
were less in partasitized roots than
those of unparasitzed roots. Successful
inoculation of VAM should provide the
additional nutritional support required
for these woody root hemiparasitic spe-
cies. The identification of VAM fungi
and their role in soil fertility of sandal-
wood plantations/ nurseries are yet to
be ascertained (see Kathriarachchi and
Tennakoon, 2000).
Host Associations

A detailed study to evaluate the per-
formance of sandalwood plants with a
range of pot hosts and the ecological,
biological and physiological phenom-
ena associated with these different host-
parasitic associations was commenced
in January 2000 at the Botany Depart-

ment, University of Peradeniya, Sri
Lanka. The findings of this long-term
study should unravel complexities asso-
ciated with Sanfalum-host associations
in Sri Lanka, at least to some extent. In
addition to the cultural importance, con-
siderable environmental and economic
benefits can be achieved by growing
sandalwood in developing countries
like Sri Lanka. To achieve these goals,
collaborative research programs be-
tween sandalwood growing countties
should be undertaken as agreed in the
last International Symposium on
“Sandalwood and its Products” held in
Bangalore, India (Radomiljac et a/
1998).
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Queensland Sandalwood (Santalum lanceolatum):
Regeneration Following Harvesting

M. Bristow', D. Taylor? and K. Robson’

! Queensland Forestry Research Institute, Atherton—Agency for Food and Fibre Sciences—

DP!

2 Queensland Forestry Research Institute, Gympie.

In 1994, a trial, funded by Queensland Department of Primary Industries Forestry, was established near
Hughenden investigating regeneration of natural stands of Queensland sandalwood from two harvesting
methods, vis, stump cutting vs stump pulling. Merchantable size trees in five, one hectare plots were
harvested by the respective methods and vegetative regeneration was recorded over the successive five
year period. Overall indications are that retaining sandalwood stumps is unlikely to result in a greater
amount or more successful coppice regeneration following harvesting than stump puiling, and that it
may well result in less successful cpppice regeneration.. Data from the trial suggests that the propor-
tion of pulled stumps that produce coppice is higher than the coppice produced through the cut stump
method, and these are more likely to survive, Concerns about the impact of stump pulling on soil prop-
erties and erosion are unwarranted as the number of sandalwood removed from any area is relatively
few and the area of soil disturbed during the operation is very small.

Introduction

Santalum lanceolatum R. Br. is the
most widespread of all Australian San-
talum species, with a range extending
throughout Queensland, including Cape
York Peninsula, and into New South
Wales and parts of Victoria, South

Australia and Western Australia. It
grows as a tall shrub up to 7-8 m, with a
deep and usually drooping crown.
Trees of merchantable size (>12 cm
diameter at 1.3 m height) generally oc-
cur in northern regions, above about 25°
latitude.

S.lanceolatum generally grows within
clumps of other species or other sandal-
wood saplings. Queensland sandalwood
reaches its largest size (exceptional indi-
viduals can reach over 30 cm in diameter
at 1.3 m) in the Mitchell Plains and delta
country at the southern end of the Gulf of
Carpentaria (rainfall 870 - 1250 mm). In
these circumstances it occurs on the outer
edge of black tea tree (Melaleuca aca-
cioides) or gutta percha (Excoecaria par-
vifolia) scrub adjacent to gidgee (Acacia
cambagei) areas and around drainage
lines. It is rarely found in open wood-
lands or in association with eucalypts. In
lower rainfall regions further south it oc-
curs on and around basalt ‘walls’, along
drainage lines, and on scrub edges, usu-
ally in association with acacias
(Applegate et al. 1990).

Harvesting of sandalwood by European
and Chinese immigrants in Queensland
commenced in the Cape York Peninsula
region in about 1865. Cutters and export
facilities were concentrated around Cook-
town, Coen, Weipa, and Somerset and,



later, near Normanton. Harvesting de-
veloped in the Hughenden area in the
1920°s (Duus 1987, Davis 1996).

In recent years, 200 — 400 tonnes of
sandalwood has been harvested annu-
ally from State lands in Queensland.
Queensland sandalwood is mostly ex-
ported to Taiwan where it is powdered
and mixed with various resins and other
aromatics to make incense sticks
(Gordon 1992). Selling prices vary
considerably depending on market con-
ditions, but those received for Queen-
sland wood are generally lower than for
Western Australian (S.spicatum) or In-
dian or Indonesian (S.album) wood be-
cause of lower oil content and different
optical properties of the oil distilled
from the heartwood (Keenan 1996).
Returns to the state on unprocessed ma-
terial over the last two decades have
tanged from $1.5 M in 1995, to $83 500
in 1999, depending on quantity har-
vested and fluctuating market prices
(DPI-F Annual Report 1995; 1999).

Following reintroduction of harvest-
ing on State lands in Queensland in the
mid 1980°s the harvest technique in-
volved cutting the stem at ground level.
Early in 1994 this changed to pulling
the entire stem and root-ball from the
ground. Cutting areas are assessed be-
fore harvesting and a cutting limit ap-
plies which states trees must be at least
12 cm DBH (1.3m) before harvest. In
the past the high value and demand for
sandalwood has led to over-harvesting
of the resource worldwide (Kealley
1989). Kealley (1991) also noted that
the sandalwood resource is declining
throughout its range, outside of conser-
vation reserves, owing to its lack of re-
generation associated with the over-
harvesting. Ensuring adequate regen-
eration has been an objective of the WA
sandalwood research program for many
years and one area of investigation has
been harvest method and associated ef-
fects on regeneration. In Queensland,
changing harvest method to stump pull-
ing has increased the recovered mass of
heartwood by around 30 percent (pers
comm. Brian Chambers, Telgem San-
dalwood Harvesting, Richmond).
Applegate et al. (1990), however,
claimed that this practice was partly to
blame for the decimation of the sandal-
wood resource in some southern Indian
states, since it prevents coppice regen-
eration from roots and stumps. In con-
trast, a major reason the WA sandal-
wood industry cites for stump pulling as

their harvesting method is that it leads

to high levels of initial root coppicing,

and thus improved regeneration

(Kealley 1991). Despite the value of

the timber there has been little inves-

tigation of the ecology or silviculture
of sandalwood in Queensland. This
is the first study to determine the ef-
fects of cutting stems compared with
pulling stumps on the regeneration of
natural stands of sandalwood. This
study is based on a sandalwood har-
vest at a site near Hughenden in

March 1994,

Objectives

The study aimed to:

e  quantify the effect of harvesting on
the sandalwood population,

s compare the vegetative regenera-
tion after stems had been harvested
by different harvesting methods,
and

e monitor the survival and growth of
the coppice regeneration.

Study Area

The study was conducted on the
‘Spring Valley’ pastoral holding, ap-
proximately 50 km north west of
Hughenden (20.84 S, 144.20 E). The
climate of the region is semi-arid with
long-term average annual precipitation
of 485 mm, most of which falls in the
wet between December and March.
Mean daily temperature in the region
varies from 9° C in the dry, winter
months, to over 36° C in the summer
months (Figure 2). In December and
January it is not uncommon to experi-
ence daytime temperatures above 40°C
for several weeks in succession in the
Hughenden area (Applegate et al
1990).

The study site is located on a basalt
‘wall’. These large boulder ficlds are a
prominent feature in the region and are
derived from Holocene lava flows and
rise up to 60 m above the surrounding
plains (Clarke and Paine 1970). Soils
within the basalt ‘wall’ are in general
extremely shallow and occur mainly
between the large areas of rock. San-
dalwood occurs as scattered individuals
among the boulders in association with
gidgee (dcacia cambagei) and other
dryland species.

A 5 ha (500 x 100 m) area was sur-
veyed in a harvest area on the ‘wall’ and
this was stratified into five separate one
hectare plots for the purpose of assess-
ment, The area was stratified on the basis
of increasing percentage of exposed rock
and decreasing soil pockets, ie, increasing
site ‘harshness’. Plot 1 had the least areas
of exposed rock with plot 5 having the
most rock and least amount of soil.
Harvesting and Assessment

Within each plot, trees were marked
for cutting based on the accepted DPI-F
harvesting regime (Keenan 1996) of re-
moval of all stems greater than 12 cm
DBH. Harvesting occurred in March
1994, A total of 41 stems greater than 12
cm DBH were removed from the five
hectares in the harvest with approxi-
mately equal numbers pulled and cut.
Eight stems per hectare were harvested.

Harvest methods involved either
‘cutting’ or ‘pulling’. Cutting involved
trees being cut with a chainsaw at ground
level with minimal soil disturbance
around the stump. Only above ground
timber was removed. ‘Pulling’ involved
removal of the root-ball from the ground
using a winch and tractor. Large roots
and above ground timber are harvested.
Soil around the stump location is dis-
turbed often leaving a slight depression in
which broken off roots are exposed.
Results

Figure 1 details the survival of cop-
pice material from cut and pulled harvest
methods in all five hectare plots. It repre-
sents the amount of regencration
(numbers) per tree as a proportion of the
number of trees harvested by that method,
for the entire site (all plots).

These results (Figure 1) show that
there was more coppicing early on from
the cut stumps than from the pulled
stumps immediately after harvesting .
Over the length of the experiment the en-
tire coppice from cut stumps died (Photo
1), and at the most recent measure the
only surviving coppice was from pulled
stumps (Photo 2).

Discussion
Regeneration by Coppice
(Cut vs Pull)

When disturbed, sandalwood species
will vegetatively regenerate from both the
cut stump and the disturbed root zone.
This coppice is often referred to as stump
coppice or root coppice (root suckers)
(Barrett 1989, Applegate ef a/ 1990, Lon-
eragan 1990). Early studies in coppicing
S.spicatum in the Goldfields region of
WA (Loneragan 1990) found that 4.5 per-
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Figure 1: Average regeneration numbers for each of the harvest methods.

cent of stems coppiced, but none of the
coppice survived. More recently, it has
been found that root and stem coppic-
ing is often successful, with survival up
to 80 percent afler 2 years, in milder
climates (Barrett 1989).

In this study the degree of soil dis-
turbance following harvesting was rela-
tively small. The basalt ‘wall’ geomor-
phology consists of a high percentage
of surface boulder material that tends to
effectively retain the clayey soils in the
interstices of the boulders. Depressions
resulting from stump pulling may con-
centrate small amounts of water or
dew. However they are not capable of
contributing to water borne soil erosion
due to the low rainfall and the uneven
surface characteristics of the ‘wall’
structure.

Also, because of the low number of
stems per hectare removed, the area
disturbed by harvest is very small, with
about 0.08% of the area affected by
stump pulling.

Reasons for Mortality
Climate

In early and later assessments root
coppice appeared healthier than stump
coppice. This was potentially due to
more favourable microclimate condi-
tions found in the depressions created
by stump pulling. Much of the early
coppice on stumps died off during the
dry season. The study was undertaken
following a drought where rainfall for
the 3 year period 1992 — 1994 was the
lowest during the 113 years of record at
Charters Towers (220km ESE of the
study area), although probably not as

Photo 1: This tree was harvested by the cut
method, where the stump is left remaining in
the ground. This method initially resulted in
slightly higher vegetative regeneration, or
stump coppice. As the exposed stump starts
to desiccate, the stump coppice is also killed.
This photo was taken in Jun 99, over S years
after harvesting. There is no surviving regen-
eration from this individual.

severe as five dry years from 1931 -
1935 (Clewett et al 1994). Good
rainfall, approximately 60 mm, fell in
December 1994 and January 1995,
and may have caused the peak in cop-
pice produced from both cut and
pulled methods in mid-1995 (Figure
1). This suggests that the initiation of
coppice development is heavily de-
pendent on climatic conditions, Simi-
lar results have been reported follow-
ing pulling of sandalwood (S.
spicatum) in the Goldfields region of
WA (Barrett 1989, Loneragan 1990,

Kealley 1991), suggesting that soil
moisture is critically important to the
amount and survival of regeneration.
Applegate ef al (1990) concur with
these climatic reasons, with field ob-
servations of Queensland sandalwood
suggesting that successful regenera-
tion of sandalwood is reliant on fa-
vourable soil moisture conditions
over an extended period.
Shade

Sandalwood is a hemiparasitic
tree. Hosts are known to provide
shade as well as nutrition (Rao 1942,
Loneragan 1990, Barrett and Fox
1994). Seedlings are very sensitive to
over-exposure by sunlight. Early
growth of sandalwood after regenera-
tion is best in the shade of bushes and
clumps of vegetation (Rao 1942, Bar-
rett and Fox 1994). When growing S.
album in planted trials Barrett and
Fox (1994) found that some shade,
even shade microcosms, is beneficial
to sandalwood establishment and that
survival in full sun was poor in com-
parison to any of the trialed shade
regimes, The effect of harvesting
method on shade was not fully tested
in this study. However, observations
indicate that when the stump is pulled
and a small amount of soil is dis-
turbed, small depressions are pro-
duced. These depressions may cap-
ture water or dew and shade, creating
a more favourable microclimate for
early growth, In comparison, remain-

Photo 2: A mass (>10) of very healthy root
coppice from a pulled stump at the ‘Spring

Valley' regeneration trial. Leaves look very
healthy, with no evidence of browsing. The
site has plenty of shade provided by rocks,
grass and over canopy. This photo was
taken in Jan 95, 11 mths after the tree was
harvested, and following a significant wet
season.




ing stumps in the cut method are exposed
to more sunlight and tend to desiccate
quickly, perhaps generating less ideal
growth conditions. Harvesting method
produced no discernible differences of
shade cover to the sandalwood harvest
sites.
Browsing, Graging and Fire

The fate of coppice depends not only
on climatic conditions, but also on the
degree of grazing by rabbits, wildlife and
stock (Applegate et al. 1990, Kealley
1991). Similarly, results from the early
Western Australian regeneration studies
indicated significant mortality could be
attributed to fire, browsing and grazing
(Loneragan 1990). The basalt ‘wall’ ar-
cas around Hughenden are relatively free
of grazing and fire. The structure of the
‘wall’ is difficult for stock to traverse and
offers little fodder to be grazed, therefore
graziers generally exclude their stock
from these areas to avoid stock injury or
loss. Fire is also infrequent due to lack of
sufficient fuel to carry a fire. Browsing
on smaller sandalwood by native animals,
eg rock wallabies, is seasonal. Some
browsing damage to coppice was ob-
served and may have contributed to some
coppice mortality. No differences were
observed in the amount of browsing on
coppice from either harvest method.
Browsing, grazing and fire may not be
major factors in survival and growth of
regeneration of sandalwood on the basalt
‘wall’ areas.
Regeneration by Seed

The relative importance of coppicing
in the regeneration of sandalwood in the
study area in comparison to regeneration
from seed is uncertain. Current evidence
from all monitored sites suggests that
about half of the harvested trees across a
range of pastoral holdings surveyed had
sandalwood trees within the 5-m radius of
the quadrat. Similarly, the stand structure
of the ‘Spring Valley site indicates that
at 5 years after harvest there are high
numbers of seedlings and saplings in
smaller size classes that appear to have
originated from seed. This observation is
contrary to the suggestion that seedlings
developed from seed do not reach matur-
ity because of adverse climatic condi-
tions, unreliable summer rains, grazing,
browsing and fire (Applegate et al. 1990,
Applegate and McKinnell 1993). WA
studies with S.spicatum suggest that seed
production is variable between trees and
years and related to seasonal conditions,
genetic variability, host and nutrition, and
that in above average rainfall years seed

production is heavy (Loneragan 1990,
Kealley 1991). Even though the rainfall
levels over the period of the trial were
relatively low there appears to have
been significant amounts of regeneta-
tion over the trial site. Concurrent stud-
ies of Queensland sandalwood phenol-
ogy suggest that it flowers and sets seed
prolifically under good climatic condi-
tions. These studies also suggest that
the size (age) of the tree may not be as
important for viable seed set as the site
and seasonal conditions. Therefore,
cutting size limits (>12 cm DBH) are
sufficient to ensure adequate seed pro-
duction is maintained on these areas, as
even small (2 m height) trees were ob-
served producing seed. These early re-
sults concur with phenology findings
for WA sandalwood (Barrett 1989,
Loneragan 1990, Kealley 1991).
Conclusion

The objectives of this experiment
are threefold: (i) to quantify the effect
of harvesting on the sandalwood popu-
lation, (ii) compare vegetative regenera-
tion after stems had been harvested by
different harvesting methods, and (iii)
monitor the survival and growth of the
coppice regeneration.

Evidence from this trial suggests
that cut vs pull may not be a pertinent
question with regard to regeneration
following harvesting of sandalwood
from basalt ‘walls’ and regeneration by
seed may be more important. In regard
to harvest method, more coppice initi-
ated from the pull method than from the
cutting method, and at age 5 is still sur-
viving. Data from the trial suggests that
the proportion of pulled stumps that
produce coppice is higher than the cop-
pice produced through the cut stump
method, and these are more likely to
survive. In addition, the pulled stump
method provided an economic benefit
with a 30 percent increase in recovered
mass of sandalwood heartwood in com-
parison with the cut method. Harsh cli-
matic conditions (drought, low and ir-
regular rainfall, and summer tempera-
tures above 40° C) and native animal
browsing almost certainly contributed
to the mortality of some of the coppice.

While this trial is not definitive, re-
sults are consistent with research from
other areas including Western Australia
where stump pulling has been the major
harvest method for many years. To un-
derstand the ecology of this species
fully, further research into regeneration
on arange of sites, climates, soils,

geology, shade levels and land uses is

required. Further, the role of regen-

eration by seed, conceivably the most
important regeneration on basalt

‘wall’ areas, needs to be investigated

as well as seedling response and ed-

aphic factors of other, differing eco-
systems where commercial harvesting
is occurring,

Acknowledgments

This project is ongoing with funding

provided by Department of Primary

Industries Forestry. We would like to

thank all past and present DPI For-

estry and Queensland Forestry Re-
search Institute staff who have
worked on this trial, especially Arthur

Johnston and Rasid Karamujic,. We

appreciate the contribution of Geoff

Kent and Allan Davis (DPI Forestry)

and Marks Nester (QFRI) for their

comments and reviews of the manu-
script. We also acknowledge the
leasee, Eugene Cox, for allowing us
continued access to the research area.

References

Applegate, G.B., Davis, AGW. &
Annable, P.A.  1990. Managing
Sandalwood for Conservation in
North Queensland, Australia. In:
Hamilton, L and Conrad, C.E., ed.,
Proceedings of the symposium on
sandalwood in the Pacific, 9 — 11
April 1990, Honolulu, Hawaii, U,
S. Forest Service General Techni-
cal Paper PSW - 122, 12 - 18.

Applegate, G.B. & McKinnell, F.H.
1993. The Management and Con-
servation Status of Santalum spe-
cies Occurring in Australia. In:
McKinnell, F.H., ed., Sandalwood
in the Pacific region. Proceeding
of a symposium held on 2 June
1991 at the Pacific Science Con-
gress, Honolulu, Hawaii. ACIAR
Proceedings No. 49,

Barrett, D.R. 1989, Sandalwood Re-
search Nanga Station. Three re-
ports to August 1989. Mulga Re-
search Centre Report. Curtin Uni-
versity of Technology, W.A.

Barrett, D.R. & Fox, JE.D. 1994,
Early Growth of Santalum album in
Relation to Shade. Australian Jour-
nal of Botany 42: 83-93.

Clarke, D.E. & Paine, A.G.L. 1970,
Carters Towers, Queensland.

1:250 000 Geological Series, Bu-
reau of Mineralogical resources
Australia, Explanatory Notes.
SF/55-2,



R e T e S B B R R P e P N R ]

Clewett, J.F., Clarkson, N.M., Owens,
D.T., & Arbrecht, D.G. 1994. Aus-
tralian RAINMAN: Rainfall informa-
tion for better management, Depart-
ment of Primary Industries, Brisbane,
Australia.

Davis, A. 1996, Sandalwood in
Queensland: History and Back-
ground. /n: DPI Forestry Sandal-
wood Workshop, 29-30 October
1996. Unpublished.

DPI-F. 1995. Annual Report. Queen-
sland Department of Primary Indus-
tries Forestry Annual Reports 1991-
1997. Department of Primary Indus-
tries, Brisbane, Australia.

DPI-F. 1999. Annual Report. Queen-
sland Department of Primary Indus-
tries Forestry Annual Report 1999.
Department of Primary Industries,
Brisbane, Australia.

Duus, J. E. 1987. Harvesting of Sandal-
wood from Crown Lands in Queen-
sland. Unpublished.

Gordon, W. G. 1992. Reportona
study tour of the Sandalwood Indus-
try in Taiwan, Internal report,
Queensland Forest Service, Brisbane,
QFS Reference 400-05.

Kealley, I. G. 1989. Fragrant Harvest.
Landscope 4 (4).

Kealley, .G. 1991. The Management
of Sandalwood. Department of Con-

servation and Land Management,
Wildlife Management Program 8.

Keenan, R. 1996. Santalum lanceola-
tum in Queensland, In: Sandalwood
Research Newsletter, Issue 5. Fd A
Radomiljac. Department of Conser-
vation and Land Management,
Kununurra, Western Australia.

Loneragan, O.W. 1990. Historical Re-
view of Sandalwood (Santalum spi-
catum) Research in Western Austra-
lia. Research Bulletin No 4, Depart-
ment of Conservation and Land Man-
agement.

Rao, L.N. 1942. Studies in the San-
talaceae. Annals of Botany 6:151 —
175.

Authors contact details:

K. U. Tennakoon

Department of Botany
University of Peradeniya
Peradeniya, Sri Lanka

Fax: +94-8-388018

Email: kushan@botany.pdn.ac.lk

S.P. Ekanayake
Department of Botany
University of Peradeniya
Peradeniya, Sti Lanka
Fax: +94-8-388018

E. R L B. Etampawala
Department of Botany
University of Peradeniya
Peradeniya, Sri Lanka
Fax: +94-8-388018

Mila Bristow

Queensland Forestry Research Institute
PO Box 629

Atherton, QId 4883

Tel: +61-7- 40915200

Fax: +61-7-40915211

Email: Bristom@prose.dpi.qld.gov.au

Dave Taylor

Queensland Forestry Research Institute
MS 483 Fraser Rd

Gympie, Qld 4570

Tel: +61-7-54820875

Fax: +61-7-54828755

Email: taylord@qfri.se2.dpi.qld.gov.au

Ken Robson

Queensland Forestry Research Institute
PO Box 629

Atherton, Qld 4883

Tel: +61-7- 40915200

Fax: +61-7-40915211

Email: Robsonk@prose.dpi.gld.gov.au

Atticles on a range of Santalum species research and management issues are welcomed by the
Sandabvood Research Newsletter (SRN). If you wish to contribute an article to the SRN
or wish to be included on the SRN mailing list, please write to the Editor stating
your name, title, position, organisation, postal address, telephone, fax and email.
Address and send details to:

Editor:

Australia

Telephone: + 6189168 4200
+ 61891682179
tarnyav@calm.wa.gov.au

Facsimile:
Email:

The Sandalwood Research Newsletter is produced by the
Department of Conservation and Land Management, Western Australia.

Editor: Tanya Vernes

Ms Tanya Vernes

Department of Conservation and Land Management
Post Office Box 942

KUNUNURRA WA 6743

Typesetting and Publishing: Narelle Brook




