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NOMENCLATURE AND TAXONOMY
The taxonomy of the Westem Australian Sandalwood
(Santalum spicatun) has recently been summarized in
Flora of Australia (George 1984).

Shrub to 4 m tall, B ark rough, grey. Brancl ets
sdrff, spreading. kaves lanceolate to nanowly elliptic,
flat, obtuso; lamina 2-7 cm long, 3-15 mm wide,
cancolorous, gey-green;petiole 3-5 mm long. Flowers
numerous in panicles, scented; peduncle 3-5 mrn
long; pedicels 1mm long. Receptaclo l-1.5 mm
long. Tepals triangular-ovate, 1.5-2 mm long, scurfy
inside, red-green, persistent in ftuit; hair tufts small.
Disc shortly lobed. Style 0.5 mm long; rtigma
bilobed. Drupe 1.5-2 cm diam.; epicarp green or
browg mesoca4r firm, usually adhering to endocalp
when ripe; endocarp smcnth. Ssndalwood.

Four species of the gents Santalutnocctr in Westem
Austalia. Westem Australian Sandalwood (Santalwn

spicatum, (R.Br.) A. DC.) is found only in Westem

Australia and South Australia, but the other tbree species
- S. hnceolatum R.Br. @lumbush), S- acuminatum

G..Br.)A. DC. (also called Quandong or Candle Nut) and

S. mwrayanum (It4itch.) C. Gardner (Bitter Quandong)
are widely distributed throughout Australia. All three
lack aromatic fragrance, but Plumbush contains oil.
Plumbush has an ovoid, dark plum-like fruit and is
wi&sFead in Eopical Australia and the Nortlrcrn Tenifory,
and extends south through the interior areas of most
mainland S tates. Quandong fruit has ared outer covering,
a €eply pitteO slone and an oily, edible kemel; Biner

Quandong has a bitter brownish-red outer covering and
a finely pitt€d stone. The Sandalwood fruit is illusEated
in Plate 6. Quandong and Bitter Quandong ae wideqpread
throughout the warmer parts of temperate Australia. As
Santalum spicatwn has been exploited commercially in
Westem Australia, the research on this species has been
more extensive. The research findings by the former
Forests Department and the crurent Department of
Conservation and Land Management are summarized in
this Bulletin. Unless specified otherwise, Sandalwood,
or W.A. Sandalwood in this Bulletin refers to the species
Santalum sDicatum.
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The mean annual maximum temperature for
Kalgoorlie is 25.1'C, while the mean annual minimum
temperature is I 1.5'C. Based on screen temperatures in
Kalgoorlie , there are 10 frosts per year under 2.2"C and
the frost-free period over 2.2"C ls297 days per year.

The climatic extremes are less severe in the
Wheatbelt and coaslal areas where trial plantings of
Sandalwood have been carried oul

Narrogin, Perth and Bunbury all have a
mediterranean climate with 75-85 per centofthe annual
rainfall predominantly in the winter months (May to
October for Narogin - 78 per cent of the total rainfall,
Table 1). The mean annual rainfall at Nanogin is 504
mm. Dry periods of seven consecutive months may

occur in Narrogin once in 2.5 years. The length of the
growing season is 5.6 months at Narrogin. The mean
annual maximum temperature at Narogin 1s 22.2'C,
while the mean annual minimum temperature is 9.9"C.
Based on screen temperatures, there are 7 frosts per year
under 2.2'C.

The mean annual rainfall at Bunbury is 871 mm.
Dry periods of six consecutive months may occur in
Bunbury once in three years. The length ofthe growing

season is seven months at Bunbury. The mean annual
maximum temperature at Bunbury is 21.9'C, while the
mean annual minimum temperature is 12.4'C. Based on
screen temperatures, there are two frosts per year under
2.2"C.

Table I
SUMMARY OF CLIMATIC CONDITIONS FOR KALC'OORLIE. NARROGIN AND BUNBIJRY

(Extracted from records of Bureau of Meteorology - Perth)

Ian Mar Apr May s"pAug Dec Year

KALGOORLIE
Temperature ("C) - 48 years of Records
Mean Maximum 33.6 31.9
Mean Minimum 18.2 17.6

Rainfall (nm) - 50 Years of Records
Mean Rainfall 22
Mean Raindays 3

28
4

29.7 25.1
r5.9 r2.4

19 19
4 5

20.4
8.3

28
7

r7.5

3 l
8

16.5
4.8

26
9

18.3
5.4

22.1
'7.8

1 5
5

25.6
10.8

16
4

28.9
13.9

32.0
16.5

25.1
1 1 . 5

25',7
63

1 8  1 5
4 3

NARROGIN
Tempercture ("C)
Mean Maxirnum
Temperature ('C)
Mean Minimurn

22 Years of Records
30.8 29.9 27.1 22.5

21 Years of Records
r4;t r4.9 13.5 10.9

17.3

6.3

47
1 1

18.3  15 .3  14 .6 21.2 24.9 28.9 22.215.1

21
4

8.2

65
1 1

5.6

68
14

7.0 8.1  10 .?  12 .8 9.9

1 8
5

13
3

Rainfall (nvn) - 98 Years of Records
Mean Rainfall 10 l7
Mean Raindays 2 3

30
6

5M
98

34
9

89
15

92
l )

BWBURY
Tehperutue ("C)

Mean Maximum

Temperature ('C )
Mean Minimum

20.2 22.5

11.0 12.9

25.5 2r.9

14.9 12.4

14 871
4  t \ 9

21 Years of Records
27 .8 28 .2 26.0 22.5

20 Years of Records
16.4 17.0 t5-4 1,3.2

r9.9 r?.8 16.9 17.0 18.0

l 1 . l o 7

80
14

9.09.7

Rainfall (ntn) - 108 Years ofRecords
Mear Rainfall 11 12
Mean Raindays 2 2

128 183 17]. 124
14 18 20 17

22
4

46
'7

54
1 l

26
6
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SANDALWOOD OIL
The British Pharmacopoeia describes Sandalwood oil
as:

a colourless or pale yellow oily liquid with a
charactedstic odou afld wpleasant taste, containing

not less than 90 per cent WIV of free alcohols.

Mass permillilit e i6 0.964 to0.974Irams, soluble

I in 3 to 6 of 70 per cent alcohol.

Westem Australian Sandalwood oil, has an optical
rotation of -8" to -3". East Indian Sandalwood oil has an
optical rotation of -15' to -21', has more odour and is
more bitrer. The optical roradon of t}e cilof S.lanceolmun
(Plumbush) is from -3tr to -4ff. Theoils from these two
W.A. Santalum species could be blended to produce the
same optical properties as the East Indian Sandalwood
oil.

The oil has a specific gravity of 0.975 at 15.5"C,a
refractive index of 1.507 at20'C, and total alcohols over
90 percentas santalol. These are principally alcohols of
the sesquiterpene group. Anomalous propenies ofWestem
Australian Sandalwood oil have been explained by the
content offarnesol, an acrylic primary alcohol (Birch et
al.1953).

The commercial yield of oil varies from 2.4 to2.9 pet

cent for roots and butts. Trees from semi-arid areas have
been recorded as producing lhe highest quality oil (Wesf€m

Australian Forests Department 1925). Relatively fast
grown planlation trees in the Dryandra Forest, near
Narrogin, at 22 an d 47 years have y ield ed. 49 and 7 4 pet
cent of the yield of mature trees (i.e. 1 per cert - 2 per cent

oil). Extracts from the sapwood at 22 and 47 years have
yielded i3 and 19 per cent respectively of the extracts
of the heartwood (i.e. percentages ofoil in the sapwood
of 0.2 and 0.4). Exfiacts from the sapwood of mature
trees at Narrogin have yielded 22 per cent of the extracts
of heartwood (0.6 per cent of oil in the sapwood) . Matue
trees at the southem limits of distribution (Ravensthorpe)
yielded about 1.5 per cent oil or half of the yield of trees
from the arid region. Oil yield from heartwood at 15
years of age on coastal sand near Perth was 0.5-1.0 per

cent, or about quarter of that of inland mature trees.

Auniquemethod was used to extractthe Sandalwood
oil. This involved subjecting the finely ground wood to
extraction with a volatile solvent, then the exfiact was
vacuum distilled @ock 1967). The medicinal values of
the oils of the Ssntqlum spp. were recognized by the
Aushalian aborigines and early settlers (Aboriginal
Communities of the Northern Territorv of Australia
1988).

Since the discovery ofpenicillin and tlre development
of modem antibiotics, the medicinal importance of
sandalwood oil has declined. In recent years the
sandalwood oil has been substituted as a fixative in
cosmetics, soaps and perfumes. Despite this decline the
commercial operations have been mainfained for the
unique aroma of sandalwood joss-sticks. Prior to June
1950, sandalwood oil sales exceeded the value of the
wood sales by $1 195460. The export value of the oil
was similar to tiat of the raw wood until 1971, when
these supplies ceased.
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germination of Sandalwood was obtained from fresh

seed, reabd by soaking ovemight. Although some

buried seed gcrminated four years after sowing, two

years was recognized as the useful limit of viability

(Wcstem Australian Forests Departrnent 1927).

Germination rates were invariabty low, and higher

germination rates occurred only aftcr one or more years

of rainfall, usually excccding 100 mm or more, or 25

mmpermonth for three monlhs from the time of sowing.

Observarions indicated tlnt sowing in January favourcd

seed germination. Gcrmination ofthe seeds appeared to

be favoured by the higher tcmpcralures in the summer

months (Tablc 1). Other obseNations indicated that the

pattern of sowing in late summer or early autumn, with

opcning rains in autumn, followed by wintcr rains,

produced highcr seed germination results. Thcrcfore,

the combination of tcmpcratures and prevailing soil

moisture levels appeared to be thc main determinants of

favourable seed germinalion.

Establishment and Survival

On the basis of observations summarized in Forests

Departrnent records and the Westem Austlalian Forests

Departrnent Annual Reports (1920-1950), the bcst overall

cslablishmcnt and survival results were achicved on

lower slopes with loam or sandy loam soils. Light soils

gave poor results in the dry scasons, while in the wet

seasons clay soils gave poor rcsults because seeds were

washed away (Wcstcm Australian Forests Departrnent

1925, 1927 , 1930).

Prior to host attachment, seedlings protectcd from
the direct rays of the sun suruivcd three to five months
longer than cxposed seedlings.

Grass and shrub growti on the light to medium soils
was observed to protcct and sometimes to providc
temporary host tissue for the Sandalwood sccdlings in

their establishmcnt growth pcriod (Westem Ausfralian
Forcsts Department 1927).

The best establishment and suryival rates werein the
order of 1 pcr cent at Kalgoorlie amd Dryandra-Narrogin.
The growth potential of 28-year-old Sandalwood, that
established and survived, is illustrated at Frank Block
(Plate 9) and Stokes Block (Plate 10).

Pests
In these series of trials, the surviving sccdlings of
Sandalwood were prone to rabbit atack during the first
three to four years. Although the scedlings resproutcd,
heavy losses were experienced following continuous
grazing. In most instances, rabbits browsed the seedlings
in late summer whcn othcr fodder stocks were very
degraded (Westem Australian Forests Department 1925).

Insect attacks on regeneration were first noted in
June 1930, when new shoots and leaves wcre desfoycd
by thc larvae of a native Chrysomelid beetle (Western
Australian Forests Departmcnt 1930). Such attacks
appcar to be periodic; however, at times diseased
Sandalwood was heavily affected by scale insects of
Mytilaspis and Eriococcus species. Damage to
Sandalwoodby wood borcrs and defoliators was usually
nof widespread.

Summary
These early regenerafion studies indicated that germination
and survival of Sandalwood was most successful on
water run-on siles, and in areas where there was a range
of potential host species. Seeds of 18 mm or more in
diametcr favoured gcrmination and two to thee spot-
sown seeds at a dcpth of25 to 50 mm directly below the
canopy oft}Iehost species favoured the establishment of
Sandalwood.

REGENERATION STUDIES . 7973 TO 1979
Fifty years of obsewations :urd measurements had Fovided
useful information on Sandalwood establishmcnt, grcwft
rate and yields. Data on rcgcncration were still lacking
and further research programs were developed in the
1970s. In 1973, a new series of plots were designed to
cxaminc the management of W.A. Sandalwood
regeneration in the inlandMtlga (Acacia aneirrz, F.Muell.
ex Benti.) and Eucalypt woodlands. The work was
carried out in thc Kalgoorlie and Nanogin areas. Thc
obscrvations and results are summarized by topic in thc
following chapters.

REGENERATION STUDIES . I98I
On the basis of the rcscarch carricd out from 1895 to

1979 a series of trials were established in the Dryandra
forest near Narrogin to invcstigate the regeneration of
Sandalwood with a diversity of seeds, seedlings and
germinans on a rangc of site conditions. The obscrvations
andresults summarized in the following chaptcrs should
assist futulc rcgcncration o[ Sandalwood on an oFrational
and plantation scalc.
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Holes Sandalwood Reserves on different site conditions
in 1978 and 1979 rcflected budding and flowering ofthe
Sandalwood uees. All thc mature fruitdropped from the
tlees at Bullock Holes, and was collected in January
1979. No fruit maturcd at the less favourable ridge site
at Calooli. Trees under stress did not flowcr, and further
incipient budding and flowedng in March 1979 failed to
set seed in both reserves. AtBullock Holcs, t}leaverage
production in 1978 was 28 mature fruit pcr tree ( and five
undevcloped fruit which was not collected). The mature
secd number per kilogram was 460 with the endocarp
retained and the epicarp removed.

The vigou ofthe lrccs was also affected by the scale
insects. The scale wasparticulady evident in thebclow-
average rainfall years. It was most noticeable in August
1979. In the preceding January to March, incipient flush
with some new leaves appeared in about halfofthe trees.
Although black scale was very cvident when seed
production was absent during the study period in tho
1970s, other observations have shown that inscct
infeslations arc reduced by adequaLe rain.

PRE-SOWING SEED TREATMENT
Several melhods for the germination ofSandalwood

(5. spicatum) andQuondong (S. acurzinctrm) seeds have
been tried previously (Grant and Buttrose 1978; Crossland
1981, 1982; Sedgley 1984). All these methods involve
detailed prcparation of the seed and controllcd conditions
[or germination. Observations on pre-sowing reatments
have indicated that the optimum method for large quantities
of Sandalwood fruit is to soak them in water for a short
period. The fruits should then be tumbled togefier with
some heavy stones in a cement mixer. The husks are
thcn washed away and the nuts set out to dry. Soaking
ovcmight or possibly longer, followed by drying in the
sun, allows the shclls to dry out. The shells then start to
crack. At this stage they are ready for planting.

SEED VIABILITY AND GERMINATION
AF"TER STORAGE

A series of tests were undertaken !o investigate the
viability of Western Australian Sandalwood seed in the
field and in storagc. Previous investigations had
concentrated on seed less than two-vcars-old.

The experiment was initiated to test the effects of
moisturc and temperature on stored seed (see Appendix
II). The seeds were collected in Octobcr 1974. The seeds
were soaked ovemight and thc endocarp (hard coat) of
some of tie seeds was cracked in a vice. Secd viability

tcsts were carried out initially, after two years, five
years, eight yean and nine years on varyhg seed feamenb.
The findings are summarized in Table 4. The decline in
seed viability observed in Sandalwood at five years
supports similar findings by Sedgley (1984), where
Quandong (S. acazinatum) germination rates slartcd to
decline after five years.

Table 4
SUMMARY OF SEED \'IABILITY AND

GERMINATION TESTS AFTER STORAGE

Time of Seed
Viability Tests
(Years)

Seed
Treatnenl

Seed
Germination

Rate (%)

seeds soaked ovemight &
endocarp&) cracked in vice

400 seeds with endocarp romoved,
four treatments(') . Gcrmination
terminated in 6 weeks
Avera8e for foul trcatrnents

84

76.5

400 seeds with endocarp
removed, fow treatnents (.)

Gemination teminated in 13 weeks
Average for four treatments 34

160 seeds with epicarp intact,
four treatments (")

Cold Storage, witr Silica Gel 50
Cold Storage, without Silica Gel 22
Room Temperatrue, with Silica Gel 30
Room Temperature, without Silica Gel 15

Separate Serial of Seed stored in
Cold Storc, wittr Silica Gel 5"1

Separate Serial of Seed stored in
Cold Store, with Silica Gcl 52

(a) Four Treatments werc:
Tempcrature - Cold Store (4-5"C)

- Room Tempelatlrle
Moistue - Widr Silica Gcl

Wirhour Silica Gcl

(b) Epicarp
Endocarp

outer coa[
hard coat

Thc Sandalwood resula indicate tiat the germination
rate deteriorates with time and that ifstorage is required
then the preferred option is cold storagc with silica gel.
In addition, a continuing rcgeneratiofl program woukl
rcquire storing twice the annual requirements for a

t2
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Germination and Seedling Establishment of Sandalwood

A series of experiments were designed to investigate the
germination of Westem Australian Sandalwood seedlings
with different host species at Narrogin and Kalgoorlie in
both nursery and field situations (see Appendix IV and
Appendix \).

NARROGIN TRIALS
Host species included Mriga(Acacia anewa),Iam (Acacta

acuminata, Benth.), Acacia hemiteles, Cratystylis
s ubspine s c ens (F.Mr;rell. &'l ate), M air eana p o ly pt ery g ia
((Diels) Paul G. Wilson) and Atipler smnicola @aul G.
Wilson).

Results are summarized in Appendix IV andTable 5.
Survival was initially favourable, however, surviyal
decreased over the first summer. The low survival of

Sandalwood (2 per cent irrespective of experiment) and
the better survival of the host species of Mulga (22 per

cent) and Jam (17 per cent) in the field, suggested that

Sandalwood failed to make satisfactory union with the
roots ofnurse plants while in the nursery, as well as v/ith
the roots of the natural hosts in the native vegetation near

Narrogin. The latter failure of the development of
haustoria was confirmed by inspection of washed roots.

Table 5
PERCENTAGE SURVIVAL OF SEEDLINGS

BEFORE AND AFTER THE FIRST SUMMER
(1978-1979) AND TOTAL SURVIVAL AFTER THE

SECOND SI 4MER (1979-1980)

P ercetta g e of Seedl ing s

Seedling Sumival Sunival

1.11.78 22.3.79 23.s.80

Period Since
Plarting(Months)
Acacia aneura
(Mulga)
Atriplex arnicola
C r aty sty li s s ub sp inesc e ns
Moieana poltsterygia
Santalum spicatum

KALGOORLIE TRIALS
A series ofexperiments were established in fenced plots

in the Kalgoorlie Arboretum, Jeedamya Pastoral S tation,
and Bullock Holes Sandalwood ReseNe to test the

effects of a range of sites and techniques on the gennination

and establishment of Sandalwood seedlings. These
experiments are summarized in Appendix V and the
results are summarized in the followinc text and Table 6
and Table 7.

Table 6
CHEMICAL ANALYSES OFTHE

SURFACE SOIL IN TI{E
KALC'OORLIE ARBORETUM

Treatnent
TyP.

Soil
Depth
(rnn)

Electric@l
pH Con-

ductitity

Total NaCl
soluble (E")

Sahs (Vo)

Control
Irrigated
Connol
Irrigated
Control

0-10
0-10

10-20
ro-20
20-30

8.20 140
8.65 142
8.80 142
8.55 122
8.70 857

0.030 0.005
0.030 0.006
0.030 0.004
0.026 0.003
0.220 0.103

Table 7
GERMINATION OF SANDALWOOD FROM 2OO
SEEDS PER TREATMENT AT KALGOORLIE

Ipcalilt
(il

Torll Signi-

Kalgoorlie Irrieated
Kalgoorlie Norlrrigated

Bullock Holes Not Irrigated
Jeedamya No! IrriSated

20  11  3 l
t3 E 2l N.S.

66 53 119 N.S.
18 30 48

Ibcalit, Trealnenl Total Signi-

Kalgoorlie Irigared
Kalgoorlie Noilrrigated

Bullock Holes Not Irrigared
Jeedamya Not Irrigated

8 2 3 3 1  * *

6 1 5 2 1  * *

65 54 119 N.S.
30 18 48 N.S.4

92
92
35
88
49

With
Coal

22
5
0
3
2

9

1 1

47
5

48
5

Incality Coat Total Si9ni-
Renoved trcatu:e

Kalgoorlie Inigated
Kalgoorlie Notlrrigated

Bullock Holes No! Irrigated
Jeedamya Nor Irrigatei

"  31  31  * *
- 2 1  2 t  * *

62 51 119 N.S.
35 13 48 *

SiSnificance by Binonial Proporlion Tes!
** P<0.05
* P<0.r0
N.S. P>0.10



9I

.urSouuN lD
suorlrpuo: f.nsrnu elqeJno^eJ alour eql ol polerol-er eq
pFoqs senbruqJet aseql uo lroli\ dn-^\olloJ lBrI paprJop
ssrA lI ?3Je Srql u luolslJap lsou osle s?^\ uorlsuftluog
'unleJoqJv o1Foo31q4 eql uI pocunouo.rd lsour
3re/'\ slueld lsoq Jo ,{JuerJrJep pus sSullpaes Jo f,lrpuow
'uoq?^nlnJ Sulmp qool tsoq eqt Jo uotJnlsep erl Jo lFsaJ
u ,(1qzqo:d se,t:ett€l oqJ '[?^r^ms ]ou tnq uorleuruua8
lsrsse 01 punoJ se^\ uoue^nlnJ'slset leqlo uI

'puPlpoo,4{ ,/{ol
uedo ur ur 99 1 urqtr/'r pu? puelpoo.{ uedo ur ur g 6 urqtr,rrr
'tsoq lsejBeu aql 01 rosolo ,(puecr3ru8rs orJ,r sp^r^ms
'sterl plorJ eql uI'sloor tsoq Jo.{tllrqrlre^e oqt,{qdtureur
gJuruuaep sr p^rNns lnq'uolsuruue8 poo,rFpues mo^q
ol surees Jale,,t\ Jo ,{lddns elenhpe u? 'lpJeueS uI

'e rsnlJuoJur ele^\ stlnsar aseqJ'uJnleJoqJV ellJoo8pt
eql ur potsel eIaA sloydpeteirur pue pele8urr-uou eql ur
(p^ouler leoJ paes ltvad'?upieos) pees ro3 sdrqsuoneler
unlsroru a,rordrur o1 s1ueu4eeJl pees ',(lluexnouoJ

'I L6I-EL6I Suunp ge;ure:
e?uare-a,roqe q1r,n paprJuro, s Jp Iu.rqsed eq1 ur slrqqe.r
pue (ecrur) suepo:3o uorElndod eq1 ur eseeJrur eqJ

'eJru pleu

JO eJuapr^a ou pu?'sluou.rlEel eseql ueo^\loq a3[eleJ]p
ou s?^\ eraqt 'e^leseU poo^rppues seloH {iolln{ oqllV
'pe^ouer fueJopue eqpeq dpearp lzql spees erllJo eJou
Suqea a:rurgo enEqd aql ,{q pesnBJ ,{IqBqord sB^{ spaes
aqt;o sdrecopua eql Sururlor ur uoneurur:eE ra11aq
? aq ot peJu3dde 1eq16 'e,{urepeel t? $uepor dq uel?a

era^\ sae! poo^{lPpu?s oJnleu Jepun punoJb eql uo
pasodxe 3ur,tl speos poo^\pprres orl Jo euos 'pBe$ouoq

?,(ruupeof eql l? anSqd ecru pet:oder e rlr.r peprouroc
sq1 1o1d e,(uupael eql ut l€^l^rns pesmrJep spses
eqt Jo sd:eJopue aq1 Sur,roursg '(7-1 tuaugedxg - n
xpueddy pue 1o1qel) salls IIe SuIood'slor1uor aql mql
l)llcq ou pu3 luelsrsuoJur lPgA\euros era,lr uoneuruueS
s8srnocue 01 sluetuteeJl roJ sllnsor 'sl?tr| plerJ uI

'(/ eJq€I) uo1e8tr:l qt1,n pue pees 3o 3u11eos lq8rurs,ro
qir,{r so^ordrxr uoqeurur:e8 leql lseSSns unleJoq.rv
elpoo8p){ sq1 JoJ stlnseJ uon?uruue8 e8quoJJod

'sluJr-ulBerl snousl eql ur sal?l uonpur ruJJA aql eJuanUur
ol luarsrJJnsur eJ€ seJueJeJJrp Iros essJms eql eJoJoJeqI
'urntoroqrv eJItooAp>I oql l€ sells lueu4ee4 peleiu:r
pu€ IoIuoJ eql roJ slros eJEJms aql Jo tuatuor ll?s pu?

Hdarl ur so3uoroJJrp tq311s ,(1uo ele4snll stFseJ eqJ

.(9 olq?I) lueruor lles
pue gd :o; pes,{puB aJo^\ slos ereJms eql 'ujnloJoqrv

et1:oo81qq aql lE sllnser Jo uorlqa.rdJalul eql ur sle,,.el
gd pue flrurJus Jo slJeJJo elqrssod eql ̂rer^er oJ

lual rad 8'/
lue3 rad 0't
luer rod S'0€

(patPEur) allroo8l?x
(lonuo.) ellroo8p)

seloH {rollng
:ss.{ 916I ,{sI I ur slold

ur u,tt'os poes uo4 uolleunuoS 'g€Jur€r pue $ueurlpe.B
r?Iltu$ rod '(L olqpl) slold plerJ eqt Jo sllnser eql qlr^\
peJeduoa ueq^\ ̂\oI ele^\ setBJ uoq"uruuaE 1nq 'uoqe8urr

qlv,r flprlur pe,rordur untarcqrv orlroo8p){ eql l?
poo/',ltf,puBS uPtlelsnV uetsei Jo uoqeurura8 eq1

I



Sandalwood Regeneration

EFFECTS OF SITE CULTIVATION ON
ARTIFICIAL AND

NATURAL REGENERATION
A serics of rrials were established, in May 1974, to test
the effects on Sandalwood germination and survival of
site, natural seed supply and artificial sowing, and
cultivating the seedbed. Four sites were selected for the
studies, in relation to their representation of plant
communities and their location from Kalgoorlie and
Coolgardie, on two Pastoral Stations (Gindalbie and
Jeedamya,located 60 km no h-eastand 160kmnorthof
Kalgoorlie) and two Reserves @ullock Holes and Calooli,
located 40km north-east of Kalgoorlie and 15 km south-
rvest of Coolgardie respectively (Appendix VI). The
sites differed in their location, soil types and dominant
plant communities (Appendix VI).

A good year of sced production in 1973 at Kalgoorlie
was followed by two wet years, both favourable for
gemination and establishment of Sandalwood seedlings.
Although seedlings of six and seven months old were
observed to establish haustoria on host roots at Kalgoorlie
in 1975, observers have also noled that seedlings when
dug up at twelve monlhs (Westem Ausftalian Forests
Departrnent Annual Repo 1924) had not always
parasitised a host plant. Thereforc the older seedlings
cannot be assumed to have establishcd haustoria at 12
months. Resultsare summarized inFieure 3 andTable 8.

A series of illustrations in Plates 11. 12- 13 and 14
reflect the range of regeneration and germination of
seedlings at Bullock Holes and Gindalbie.

Results illustrate that far more seedlings established
in lhe cultivated than the uncultivated soil. Neve heless
the plants on the cultivatcd soils were farless stable than
those on the uncultivated soils, as the highergermination
was followed by a greater mo ality in the following
summer months. Improved germination was probably a
result of the burying of seeds by the rotary hoe @ig. 3).

The severe drought that occured at Kalgoorlie in
1976 and i977 resulted in significant Sandalwood sccdling
morraliry in rhe field fials (Table 8, Fig. 3).

Drought of this sevedty is mre, as only one other
&ought of a similar scvcrity has been recorded since

1895. This suggests that the germination and survival
rates recorded in these experiments are a benchmark in
that they rcprcsent likely pattems under the worst
germination and establishment conditions. The 1976-77
ftought continued to cause high mortality in both the
experimental seedling population of Sandalwood and in
the mature Sandalwoods and host shrubs well into 1978
aIJ,d 1979 .

The seedlings, given equal initial germination from
spot sowing, were favoured by uncultivat€d soils during
1975 and 1976 (Fig.3). These differences appeared to be
affected by tie occurrence of two years of severc drcught.
As droughts occur at relatively frequent intervals in the
semi-arid areas of Western Australia, the rcsults in
October 1977 fig. 3) reflect the earlier comments about
the low establishment rate of Sandalwood. The
effectiveness of cultivation must then be questioned in
areas which are subjecl to pcriods o[ drought.

The seedlings in cultivated soil suffcred greater
mortality, bofh relative and absolute, than did thc seedlings
in uncultiyated soil (Fig. 3). This mortality may be
related to the parasitic nature of Sandalwood. The new
seedling has little chance of surviving its first summer
unless itdevelops a haustorial link with the root systems
of the host species for a supply of water and nutrients.
Cultivation appears to have destroyed the fine surface
roots ofpotential hosts, leaving the Sandalwood seedlings
to perish.

Otier factors may have contributed to seedling
mortality. Ore possibility is that the cultivated soil dries
out more rapidly. Another is the potential competition
between scedlings.

A sequence ofthree wetyears appcars to be necessary
for the succession of flowering, seed set, germination
and establishment of Sandalwood seedlings in the field.
Such a scquence occurs infrequently in the inland arcas.
The results ftom the field trials in the more favourable
years of 1973 to 1975 assisted in evaluating germination
and establishment needs of Sandalwood, however,little
is known on a regional scale of the impacts of the
changes in climatic conditions on naturalregeneration of
this species.
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Table 8
GERMINATION AND SEEDLING SIJRVIVAL FROM SPOT SOWING OF IOO SANDALWOOD SEED PER

PLOT TREATMENT

NUMBER OF SEEDLINGS PftESENT

Season

and Date

of

On Reserves, Calooli

+ Bullock LIoles

On Pastoral Stations,

Gindalbie + Jeedamya

Not Cultivated Cultivated Not Cultivated Cultivated

Not Fenced

Fenced

Not Fenced

Fenced

Not Fencerl

Fencetl

Not Fenced

No. sown in May 1974 200 200 200 200 200 200 200 200

1974 Germination
and Sunival
wi
Sp
Su
Sp
Su

Ju.ly 1974
October 1974
January 1975
October 1975
January 1976
April 1976
October 1976
April 1911
October 1977

Sp

Sp

1975 Germination
and Survial
Sp
Su

Sp

Sp

October 1975
January 1976
April 1976
Ociober 1976
April 1977
October 1977

23 28
1 9  5 l
10 29
1 9
1 8
1 8
1 8
0 6
0 4

33
l 5
1 0

3
I

35
24
1 7
14
'1

3

38
44
30
l9
1 5

9
8
3

15
43
33
t't
l 8
1 6
16
9
5

33
2 l

1 1
7
5

30
28
l 8
r'7
7
4

0

3
0
0
0
0
0
0

2
1 5
6
I
I
1
1
I

I

'19

36

10
0
0

66
55
54
29

I
t 2
2
0

0
0
I

0

0
8
6
2
2
2
2
2
2

24
6
3
2
0
0

36
1'1
l t
1 0
'7

5

Sp = Sprine' c , ,  c , , , - - - .

The findings on longer-term survival were restricied

by the drought conditions in the latter part ofthe 1970s.

EFFECTS OF BROWSING ON SANDALWOOD
REGENERATION

Previous workers and observers have noted the lack of
Sandalwood regeneration in Western Australia. The
fate of seedlings is often thought to be affected by the
grazing of herbivores (sheep, rabbits, goats, camels,
donkeys, horses, cattle ardkangaroos) as shown in Plate
l5 and Plate 16.

A series of fe|cing hids were cstablished to inyestigate

the impact ofgmzing on Sandalwood regeneration on a
mnge of sites in the Kalgoorlie area.

Results are summarized in Appendix \tII, Table 8

and Figures. 4, 5 and 6. The rcsults confilmed that

fencing was not significant on rescrvcs, but was significant

on the stations. Whether Sandalwood regeneration occurs

naturally, or is artificial, it is evident that the chance of

survival on grazing areas of pastoral stations (covering

most of the residual Sandalwood country) is very low.

Hot dry seasons reduce the amount of succulent foliage

and domestic and feral animals (sheep and goats) range

over lhe land and graze the Sandalwood seedlings.

The impact of rabbits and native herbivores was

cyidenl. on the rcserves, however, lhe impact was markedly

less than on the strtjons with the larger trumbers of

introduced herbiyores (sheep and goats).



----F

6I

'tno peup Iros aql uaq,r ,{lqeqord
'u?e,{ o,^,\t urqtr,t palrp,J dlelelduroc ueqt lnq 'tsroru

se,r Iros cql ueq,rl pscrddo: sdunjs Jo tuoo Jed gl ol 0I
tEqt peurJrJuoJ €ere a11.roo31e; eql ur serpnls eqJ ',1Aot

se^\ I€nrl.rns ecrddo: aql tErll petsa8Sns suorls8rtsaaur
pelrstop aql uorJ gtnsa.r oql SursruoJd pe{ool suouuNesqo

lenrur eql q8noqtly 'pezrurruru aq plnoJ Surzer8

Jo slaoJJc cqt Jr 
'8ur:rddoc :o; yequelod eqt pazruSocsl

sJe^resqo flJ?o aqJ acll eql Jo stoor pu€ llnq cqt

Suuss^req.{q seuq o^(t pue JlEq-u -puz-cuo uco.rtoq fq

pasearJur eJe splerl (poo,ra;re6q uu SZ ot u,^ op slooJ

Surlse^nq epnlaur suonrpuor eJueJII luurnr) ,{rlsnpur

poo,^d|?pu€S sq1 ur peldecce dllEJuolsrq s€^\ Jeleu?rp

urrx 0t ol u,rop slooJ reuun] eql Sunse^Jpq pu€ punorS

oqt uro:; eeJl eloq.,ir aqt 3ur11nd 3o ecncud eq1

0 ({ry)
916l retur.\\ ur lnJ z€

0 0sroul)
sl6I latur^\ ur lnc 9I

t osrour)
Ea6I ]aurums ur tn3 9I

'6 otq€J pus IIIA xrpueddy ur pazrreuruns e:e glnseg
'so^rosoJ uo sarJplr,a ruo{ pue Suntnc JaUp dJa^ocor
ele8rlsa^ur ol SL-tL6I ur peqsrlq€rse ere.r slueuuedxe

Jo serJes ? poo,rlepueg 3o do:c pelse,r:eq eq1 Surcelde:
JoJ poqlcu c^rtrsod e.rou e oq lq8ru Sur3rddoJ sV

'requIt1 elqetalfiuI pernpo:d pue
poJe{f,ns ,{lluanbe{ e,req la,re1 punorS te 1nc sccrl (7)

:errJ dq lq8ulno palll ,{lprsua8 sre,r seeJl Suno^ (€)

:eseq oql uoJJ
pa:a1cns ,{puanbe:; seel peqr:ocs {1era^es re$O (Z)

:pollr{ ueeq e^Eq 01 per€edd? soeJl eql pu?
pessed pEq erJ sssr8 e relp pelnords s$rl oBJ? I (i)

:IZ6I ur u?uqcorg-e{srq 'H C ,{q pelroder Suuepuag

te Surlna JeUe pw'a:g rege Surcrddoc qll1('lleqlpeqlA
oql ur ecrddoc poo,"lppueg peuoder a,req sle^JesqO

NOITYUSNSCSU (IOOA!'MNVS

NO CNIIJNJ (INV SUId dO SI3Sddfl

(tuauteaa qcee
ur spees 008) paes u,tros lods uo Surcuag go lce;gg

I arnBtg

916I lo
Frua aqt tv

sqtltol J

, )a{vyatupatl SuylnS

Sutctddo3 staquny

9l6t ow sl6I NI
2Mrrn) ro sI:E 7 - IAASS4A OOOA1VONW UOOIVC9L 9L

8dV NVI

ftit_t

9L
-130

9L VL VL
NVn -tf,o 

-tnn

ZI
6
I

ZI
8Z
oz

ZI
w
EL

u"loJ) saall lumqun
(l?loJJ sea4llrm8

rumq
.{1a:a,,ias o1 e1erepo141

(luils

pue u,nolc aql ut rp,rorS

qsa.g pacnpord 7 ,{yuo)

saa4 paqc:ocs ,{pq3r1 II

LLtro 9Lt)O SLUDI

SutayLng oy lurng oN

(IIIA xrpueddv ees)

ro sJ)n g ' zAaESsa
961 TWNNVT NI TAITOTIA
oooL'rvows zorszxw

NOIJVUIINACAU (IOO,4|TV(NVS

NO CNLLJNC CNV AUIJ CO SIJIICCA

lqOnorO

lo I roel

6 AIqBI



Effi
m
u!t!!cl

rf,

STATIONS UNFENCED

RESERVES UNFENCED

STATIONS FENCED

RESERVES FENCED

--> YEAR r OF F->
I  SEVERE DRoucHr  

I

JAN APR

T I M E

YEAR 2 OF
SEVERE DROUGHT

a
F
z
z
=
E,
UJ

5 roo
(r
LJ
(D
=
l
z

ocT
77

APR
77

ocT
75

JUL OCT JAN
74 74 75

Figure 5
Effect of fencing on geminants of spot sown seed (400 seeds in each treatment)

20



-T I(,

'8urza8 uo4 pelJelord
'tuEldtsoq €Jogprs qlnos eqtSo euq drrp aql l? uorssoJdcp

ll?urs e ur psqslnu pu? Iros eqt.rolcq uur 0g.solrs
paurerp yya,tr oleudordde uI lods lad speos poolt\l?pues
peleuruue8 rnoJ Suraos ,{q pe^erqie oq oJoJ oql
tlEJ poo,rlepuE S Jo uonereua8e: lerc13ruu InJssoJJn S

'(XI xrpucddv) poqleu tcqto fu? s€ sle,r.r,uns fueu se
o3r,. leJnpoJd Ilr^\ cdols ueoy dpues umolq 'peurpJp 

lle,r
B uo epeqs IInJ Jepun pees p:l?urrrJo8 Jo Sunu?ld

tods qoea t€ stu€ld Jo Jequrnu eql Surseercur f,q tas;jo
aq tl€J slods pelrBJ Jo laqurnu pnue]od cql u?ford
uo4ueuaSer leuorluJodo ue ul 'dlunleu o] u,to:8
oq u?c seol| poo,rlppu€S JnoJ lo oelqt Jo dunl3 ? l?ql
pe^Jesqo s€A{ lr i(llnJsseoJns tsoru ,,i\al8 puu poqsrJq?tso
pooalepups V'ld eJaq^\ sJqoru sql q 'EI xpuaddy) to&
rsd luuurur:a3 3ur,u^rns euo pecnpo.rd tods Jed rnoJ lp
spoas pcl€urure8 Sur,ros t?qt pelBJrpur $FseJ oqI

'pole!snllI

ere sAurlpJes pto-rpa,4- g pue:ze,{- 1 ;o seldruexg 17 puz

0Z 
'6I '8I satpld ur pelelsnllr ore tseroC etr1s erpu?&C

ur peod eJng l? sleul uorleJouo8et aqJ 'XI xrpuoddv
ur puu ^\oloq pezrJeruurns eJ? sllnsou (Dtoutwnf,D
DTJDJV) .uJgl Jo peJ? ue ur peqqlqqse en^\ sIerJJ
'ue{euepun se^r s-rolopJ olrs pue {Jols Sunueld'spoqtou
Suqupld 'e3upuJlold olur qcJaasag poo,trJupue5 Suqueld
ro3 stuaura:rnbe: puou€redo qoJ?gser ol jsaJoJ alqs
eJpuB,{JC te lno pclJJ?i era.r s[BrJl Jo seues B 'Ig6I uI

NICOUUVN JY SSIONIS NOIIVdSNSCSU

'suonrpuoJ elrs
pup Ju€rurlrtuareJJp eql ro deg 4ruqg te suoqelndodeqt
ur suonerrel JIleuaB o1 e1z1sr deur ,{lqrqedec Surcrddoc
uI soJuaJeJJrp rellel aql '(tI e]P'ld) wwDrlds wtrloluos

Jo uoneJeueSar roJ uorldo elqrssod e eq ol sreeddp slool

Jo Surorddoi oJeq,{ ,{eg lJprls t€ suole^resqo luocol
ruo:;.re;;p ot ruodde sSurpurJ oseql 'eere all:oo81qtr or4
ur uoneJoue8eJ poo^\l€pu?S Jo eomos ? se uodn palar
oq lou plnor SurtrddoJ ler{l peuurJuoJ sepnls eql V

'fi111 xrpueddy'6 e1qe1) tsls:ed rou pp qmor?
errddor IIB pw (luer red 9 ro slueld t) Suqorddoc oueld

Jo raqunu ̂rol e pe^\oqs rIooIeJtE sl€lrl SuElnJer{I

lueJ red 0I uPr{]
ssel s?,r ale.r [e^r^rns atll 'gl.6l dg 'uoqepdod purSrro
eqt Jo tuec red E'1y :scc4 0t ol sJo^l^tns poJnpor

9L6I ur ,{lrTsuonl 'pecrddor (tuao:od El) 09 
'suets 

Zg
Jo puets euo uI '916l Flreo ur pouad lem ,4ra,r e Surrnp
peorddoJ stoor pue sdunts IenprseJ aqJ sJoleJedo
oql .{q lJo pcddeus ero,r s6ol poo^\l€pu€S lunq aqt Jo
lsorx 'EeJ? srqt uI 'a(un qlr,r emll?J Jelturs pe,^^or{s lnq
'rlt1doJ3 errddoJ ruo4 uoRp^reuaEcr Sursruord qtr,ra. pauqs
'916I ,{rBnu€f ur patso^rpq pue tZ6I leque^oN ur ttunq
(erlroo8px Jo lspo-quou rxl g/ 'uous]S 

IIIH uoldurEH)
?el? poo,r\pprrEs roq'lou? ur ,{pnts dreuru{e.rd v

'(IIIA xrpuoddv '6 elqeJ) pc^r^lns

lurnq osoqt go 6 dluo tnq 'elrJ rctJ€ slnq pue $oor
uro4 paJrddoo uoqelndod .{pn1s aqlgo qq8re-,{lue,trJ

Qold e,rresog
poo,rlepups rloolpJ - tueurleer Jed speas 002)

pees u,tros tods ro; uoneuruue8
uo SuroueJ pue trqqer lqEnojp 'llqur€r 

Jo tJeJJA

9 a.rn8rg

z
3

g
z



Sandalwood Growth Rates

Dwng 1974 and L97 8 shdies were underhken to det€rmine

the range in size of Sandalwood trees and the rate of
growth. The natural variation in plant size and rates of
growth are predictably related to factors such as site
conditions, climate and soils. Results were extrapolated

to determine the length of time Sandalwoodneeds in the

different regions to attain commercial size. Results are
presented in Tables 10, 11, 12 and 13; Figures 7, 8 and

9; and Appendix X.

Table 10

SUMMARY OF HE]GHT AND STEM DIAMETER GROWTH RESIILTS FOR SANDALWOOD AT KARRAMINDIE
AND SCAHILL

A wide range in rates of growti were observed
between the largest and smallest trees wiftin different
sites (Tables 10 and 11). Observations indicated that
local site conditions influenced boft host and Sandalwood
growth rates. The length of time required to attain
commercial size (127 mm diameter at 150 mm above
ground) varied from 32 to 59 years at Dryand€ !o 59 to
1 15 years at Kalgoorlie (Table l2). These differences in
growlh rates appeared to be related primadly to the
varying site and climatic conditions in the two regions.

Year
Sown

Heigln(n) Sten Dianzter (rntL)

Total
heiEhl

To 38 nan To 55 nvn
hea wod overbark

Stem at 75 nrn k 150 ntn

O1)erbark
for 38 nrn

Bark

thickttess)
7t 300 ,in

Ircr.
1940 1974 34 yeary

Incr.

1940 1974 34 years
Over Undzr
bark bark

KARMMINDIE
Plor 1
(6 trees)

Mean llee
Arurual increment

Sample tree

KARRAMINDIE
Ploi E (12 tre€s)
Mcan tre€
Annual increment

SCAHILL
Mean (14 rees)

Mean (12 lrees)

1930

1.50 3.80
1.25 3.60
1.25 3.65
0.n 4.10
0.84 3.20
1.U7 3.78
1.15 3.68

2.30
2.35
2.40
3. t3
2.36
2.'71
2.53
0.074

1.50 2.95
1.50 2.50

1%1
1.08 1.93

1.m
0.030

0.85
0.025
0.32
0.010

1.23

0.45 0.92

0.55
0.66

t 3
l9
t3
6

10

tl't 91
ta1 94
'10 

51
107 94
80 74

105 95
96 83

2.44

9 1

24
24

I%1
1 8

70 46
'70 46

1.35

5'7 39
1 . 1 8

38 23
0;70

100 78

102 81

90 69

65 47
70 54

56 38

37 22

72

8'l

22

2 l
2 l

2 l

IE
t4

l 0
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Table 12
GROWTH RATE OF SANDALWOOD AT NARROGIN AND KALGOORLIE AND NIJMBER OF YEARS
NEEDED TO REACH COMMERCIAL DIAMETER OF 127 MM (DIAMETER OVER BARK AT 150 MM

ABOVE GROUND LEVEL - D.O.B.)

State Forests
and

Reserves

Dryandra S.F.
Reserve 8324

Karramindie S.F.
Plot I as above
Plot E as above
Scahill Reserve

Nurnber
ofTrees

337
106

288
10
t2
zo

Mean
d.o.b.

88.0
101.5

9r.4
95.0
70.0
48.2

Annual Age to
d.o.b. reach d.o.b.

increnvnt 27 mmLocality

Narrogin

Kalgoorlie

tyrc)

22
47

52
44

49
44

4.0
2.16

1.76
2.16
1.43
1 .10

59

'72

59
89

115

tn) lrun) lwn) lyrs)

Table 13
LINEAR REGRESSIONS OF VARIOUS COMPONENTS OF SANDALWOOD TREES FOR DIAMETER

OVER BARK LTNDER COMMERCIAL SIZ, (I,2) AND ALL TREES (3.9) IN TIIE EASTERN
GOLDFIELDS AND GRF.ENOUGTVGASCOYNE REGIONS.

Y (ks) s.D.

1
2

l5
l )

Total weight
Twigs (<10 mm d.o.b. + leaves)

l f . t t

4.93
7.2
2.r5

-7 .728
-2.922

0.2750
0.09u

0.70
0.78

based on l5 trees with d.o.b. under 127 mm

Y (kc) s.D.

3
4
5
6

7
8
9

22
I J

22

22
22
22
22

Total weight
Sound roots
Commercial logs
Butt log section -

9 broken butts
Stem log sections
Total branchwood
Twigs (<10 mm d.o.b. + leaves)

28.5
3.0

r0.2

3.6
7.0
8.4
8.3

20.8
t.1
7.4

2.1
7.2
) .  /
) . t

-29.32
- 1.35

-10.53

-0.91
-12.01
-6.11
-6.10

0.5441
0.0370
0.1952

0.0428
0.1790
0.1366
0.1360

0.94
0.82
0.95

0.74
0.90
0.87
0.87

based on 22 trees inclading 7 with d.o.b. <127 mm (ranging 55 - 180 mm)

24
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Plate 7: Healthy crown growth, February 1987
in responce to recent rains, West Kalgoorlie.

Plate 9: 28-year-old Sandalwood plant in Frank Block,
Dryandn State Forest.

Plate 11: Sandalwood se€dlings at Bullock Holes
Sandalwood Reserve.

Plate 8: Lateral root development of Sandalwood.

Plate 10: 28-year-old Sandalwood plants at Siding
Road, Stokes Block,Dryandm State Forest.

Plate 12: 8-year-old Sandalwood plants at Bullock
Holes Sandalwood reserve.
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Plate 19: Regeneration and proyenance studies at Gura
Road, Dryandra State Foresl
3-year-old Sandalwood seedling.

Plate 2l:
Regeneration
and provenance
studies at Gura
Road, Dryandra
Stale Forest.
3-year-old
Sandalwood
seedlings.

Plate 20: Regeneration and Provenance studies at Gura
Road, Dryandra State Forest.
3-year-old Sandalwood seedlings.

Plal'f. 22:
Natural
Sandalwood
regeneration at
Curries Road,
Dryandra Stat€
ForesL

Plate 23: Sandalwood, Kalannie, Rabbit Proof Fence
Road.
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DIAMETER (mm)

Figure 8
Summary of relationship between number of slems per

tonne and the diameter class (mm)

Additional measurements were undert2ken on
constituent parts of 22 Sanrlalwood trees ranging from
87 to >138 mm slem diameter from three localities
where Sandalwood pulling operations were in progress,

north and north-east ofKalgoorlie (Morapoi Station - 8
Eees; and Edjudina Sradon - 7 tre€s) and between Pa1'ne's
Find and Morawa (Karara Station - 7 trees) see Table 13
and Appendix X.

The plantation trees sampled at Karramindie Stals
Forest (Plot 1) were cut and measured by the sectional
method to derive volume and increment of the truewood.
sapwooo ano Dz K (flg. /).

Results indicated tl|at balk and sapwmd had a consant
thickness of 21- 22 mm and that predictably the larger
and taller trees had a higher component of heartwood.

a Torol  wood (wnhour bork) , l rom 12. l l  ?3

+ Heorlwood (lviihour bork ond sopwood), trom 14 9'71

o Torolwood ( f i i rhout  bork) ,  f rom 14.9 71
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Figure 9
Air dry weight of Sandalwood, showing loss of moisture content of fresh geen

wood and variation in relation to seasonal conditions. l97l ro 1974
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Conclusions &om tlrc W.A. Sandalwood research program
from 1895 to 1981 are:

1. The viability ofthe nuts decreases rapidly after two
years and best germination is obtained from fresh
mature seed.

A series of consecutive wet years are required for

the trees to flower and set seed. A following wet

year is needed for germination and establish ment of

the seedlings. This sequence of favourable ycars

must be extended following drought. Such a sequence

is less predictable in the drier inland areas near

Kalgoorlie than in the Wheatbelt.

Cultivation improves germination, probably owing

to the burying of the secds.

The significance of cultivation is reduced during

periods of drought.

Spot-sowing seeds, about 50-70 mm deep, without

cultivation improves survival of seedlings over

spot-sowing in cultivated soil.

Seedling survival improves if grazing animals are

excluded by fences, especially on the pastoral stations.

Sandalwood regeneration cannot be reliably obtained

from coppice, following either fire or cutting.

From tlle experiments with seedlings of Westem
Australian Sandalwood and host species, a high
mortality of Sandalwood and the better survival of
the Mulga and Jam seedlings indicated that the
Sandalwood may have failed to make satisfactory
union with the roots of the hostplants, either in the
field or in t}te nursery.

The dircct s€€ding fials confumed ttlat establishment
by this method was very uncertain under the harsh
conditions prevailing in the field.

Germination and survival of Sandalwood seedlings
in the field is favoured by proximity to the host and
semi-shade.

Conclusions

9.

10.

5.

A

7.

11. Successful artificial regeneration of Sandalwood
on a plantation scale can be achieved by sowing
four germinated Sandalwood seeds per spot in
appropriate well drained sites, 50 - 70 mm below
the soil surface and mulched in a small depression
at the drip line ofthe south side ofa host plant, and
protected from grazing.

In conclusion the potential for widcscale regeneration
and establishment of Sandalwood in Western Aus(alia
is feasible if the natural limitations on this specios are
recognized. The possibility of re-establishing Sandalwood
in tie Goldfields and the Wheatbelt similar to those
illustrated (?lates 22 and 23) should be encouraged for
the future of Sandalwood in Westem Australia.
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APPENDIX I

Statutory Reserves containing Sandalwood in Western Australia at
1,990.

No. Locality Index

GOI-DFIELDS
National Parks

I Goongarie

State Forests andTimber Resemes

2 Majestic
3 Randalls
4 Kambalda
5 Kangaroo Hills
6 Karramindie SF No. 8

Sandalwood Resemes
7 Emu Rock
8 Wallaby Rock

9 Coonana
10 Bullock Holes
11 Lakeside
12 Calooli
13 Yellad
14 Scahill

Other Resemes
15 Kalgoo ie Green Belt

(20 km radius)
16 Reserve land between Kalgoorlie and

Widgiemooltha (excluding other reserves

and Hampton areas) Reg.95O)

Notufe Reserves
l7 Rowles Lagoon
18 Clear & Muddy Lakes
19 Kurrawang
20 Kambalda
21 Binaronca Rock
22 Victoria Rock
23 Dordie Rock
24 Cave Hill
25 Burra Rock

26 Cardunia Rock

N.E. GOIDFIELDS
27 Wanjarri Nature Reserve

Number

1'35637

195/25
r94125
r99/25
198/25

NPNCA

LFC
LFC
LFC
LFC
LFC

L ACT (N\D
LACT(ND
LACr(Nv)
LACT(NV)
L ACT (NY)

LACT(NV)
L ACT (N9

LACT(NV)

60335

2226
16350
a1L)

6600
781

8186
4556

37061
13313
3787
3l2 l
6r02
6916

260240

4U
1926
62r

3650
185
258
tzl
202
809
38

53248

Vesting Area (ha)

c196/'5
CL97g
c19640
c19825
ct92l4
c192ll
cr92r2
cr962l

c4274
c7634
c35453
c33300
c32552
c8480
c3z1l
C178M
c7038
A39148

A30897

vcl- (NV)

Various (ND

NPNCA
NPNCA
NPNCA
NPNCA
NPNCA
NPNCA
WSSD
WSSD
WSSD
NPNCA

NPNCA

83000
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APPENDIX II

Seed Viability and Germination after Storage

HYPOTHESES

Hl: The age of seed affects the long term viability of

Sandalwood seed.

H2: The storage of seed affects the long term viability

of Sandalwood seed.

BACKGROTJND

hevious invesdgations on the viability of Sardalwood

seed had concentrat€d on seed less than two yearsold. In

view of tie irregularity of seed production in the field in

response to the infrequent occulTence of conditions

suitable for seed production, the concepts of long term

viability of seed in the field and in storage required

testing. To this end a series of tests were underEken to

investigate the viability of Sandalwood seed in the ficld

and in storage.

METHODS

1. In October 1974 seeds were collected from the

Kalgoorlie area.

2. In December 1974 the seeds wero subsampled.

3 . 800 seeds were soaked ovemight. The endocarp of

$re seeds were then removed using a vice on the

following day. These seeds were then subdivided

into 2 sets of 100 seeds for each of the following

4 fieatments:

Temperature

Moistule

- Cold Store (4-5'C)
- Room Temperature
- With Silica Gel
- Without Silica Gel

The 2 sets were then stored for 2 and 5 years prior

to the testing of the viability of the seeds.

4. The remaining seed was then stored in 20-L hard

plastic containers with screw-top lids.

5. After eisht years a separate serial batch of seed

was tested. This was repeated at nine yean. The

frst viability test was done at 25'C, the second at

20.c.

6. After.nine years the viability of 160 medium-

sized seeds with their epicarp intact was tested (40

secds for each of the four treatmens defined

above).

RESULTS

The results indicate that the germination rate deteriorates

with time (Table 4, p. 12). Irrespective offieatment the

seed germination percentages fall from 84 (0 Years) to

76.5 (2 years) to 34 (5 years). After five years the type of

storage affects the germination rate, with tlle combiration

of cold storage with silica gel being the favoured

combina on.

Therefore tho results support the Hypotheses that

thc age and storage of the seed affects the long term

viability of the Sandalwood seed.

In addition the germination trials eventually became

standardized as follows:

15 cm diameter petri-dishes are partly filled with

vermiculitet

Sandalwood seed is placed in the vermiculite;

Fungicide is then dusted over seed;

Water is added to the vermiculite;

A piece of hessian (large enough to cover seeds)

ismoistenedinasolutioncontainingfungicidc;

This isplacedoverthe seed and the lid isreplaccd;

Seed is placed in germination cabinet (operatrng

at 22"C-25"C)',

After eight years a separate serial batch of seed

which had been stored in the cold with silica gel
Hessian is periodicaily re-moistened and replaced
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Germination and Seedling Establishment of Sandalwood 'Narrogin

HYPOTHESIS

H1: The presence of host species increases the
germination rate of Western Aus[alian

Sandalwood.

BACKGROUND
A series of tests \rr'ere undertaken to investigate tho

germination of Sandalwood with host seedlings at Narrogin.

Drperiment IV-1
METHODS

1. Both seed-germinans and sccdlings of Sandalwood
were tested with Acacta anezra seedlings, with

and without three other possible nurse seedlings
(namely - Maireana polysterygia, Atriplex

rhagodioide s and Cratystylis s ubspine sc ens).

2. This experiment was repeated tiree times on ten

units within a fenced area of State Forest near

Narogin.

3. Initial seed viability was 82per cent in Apdl 1978.

4. To protect the brittle roots, seed-germinants were

ransferred to veneer tubes immediately following

emorgence of tho white tip or swelling of the

radicle.

5. Germination was timedto enable planting out of4-

to 5-month-old seedlings in mid-winter on 27 June
1978.

6. Inspections were recorded before and after summer,
at 4 months after planting (1 November 1978),

9 months after planting (23 March 1979) and 23

months after planting (23 May 1980).

RESULTS

The results for seed-germinants and seedlings of

Sandalwood were 51 per cent and 48 per cent suryival

respectively before summer. As these percentagcs were

similar for seed-germinants and seedlings of SandzLlwood

1 6 r

APPENDIX IV

afterplanting, the results were pooled and are prescnted

in Table 5. Survival pcrcentages dropped over the first

summer to 5 per cent for both and then to 2 per certt two
years after planting (Table 5, p. l4).

For the l-year-old host seedlings, mortality was also
high after planting. Acaciq aneura survived the best,

from 92 per cent before summer to 7l per cent after

summer and then to 22 per cent, two years after planting

among the natural vegetation of the Wandoo woodland

at Narrogin.

Experiment IV-2
METHODS

A second experiment was designed 10 test tlrc establishment
and survival of 1200 Sandalwood (Sqntalum spicatum)
with the host species of Jan (Acacta acuminata).

1. 1200 Sandalwood seeds werc sown togetier with

1200 Acqciq acuminata sceds in sets of30 cells (5

x 6) in polystyrene ftays. Thecells in the trays were

5 cm square and 8 cm deep.

2. The resulting germinants were planted out, at four

and a halfmonths, in the first week ofAugust 1979

into five sites (240 at each site). Individual cells

were cut or broken out of the tlays on two sidcs,
leaving two sidcs intact. Each wasplanted without

further disturbance to theroots, in!o holes dug with

a mattock.

RESULTS
Three and a halfmonths aftcrplanting in the 1979 tdals,
there was a significant difference (P=0.05) between

species. Sandalwood survived better (P=0.53 t 0.02)
than Jam (P=0.25 + 0.02). However, after summer Jam
(Acacia acaminata) (U per cent) was surviving

significantly better than Sandalwood (2 per cent).General
observations indicated that survival was better in the
fenced than on the unfenced areas. No other differenccs
were found.
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APPENDIX V

Germination and Seedling Establishment of Sandalwood - Kalgoorlie

INTRODUCTION 2. Seedbed cultivation.
A series of experiments were undeftaken between 1974

and 1977 to investigate the effects of a range of sites and 3. Seed placement, on soil surface and buried; all seed
techniques on the germination and establishment of dusted with protectant bcfore sowing - Ceresan (1.5

Sandalwood seedlings at Kalgoodie. The cxperiments per cent w/w Hg as mercudc acetate; notto excaed
were underlaken in fenced plors in the Kalgmrlie Arboretum, 1.5 g/L of dust to seed).
Jeedamya Pasioral Station and Bullock Holes Sandalwood
Reserve. 4. Distance ofthe seed from thc base oftheAcacid host

plant, systematically disEibuted in four radial lines
HYPOTHESES of 25 Sandalwood seeds for optimum seedling

Hl: Watering seed beds increases thc germination and eshblishment between 0 to5 m from thc hoststem.
establishment rates of Sandalwood seedlinss.

RESULTS
H2: Cultivation of seed beds increases the germination From 1600seedssown in 10 treatments in May 1974,only

and establishment rates of Sandalwood scedlings. one germinanf emerged in 1974. A further 13 emergcd in
1975, in the uncultivated block which had not bccn

H3: The sfategic placement of buried seed affects the watered.
germination and establishment rates of Sandalwood
seedlings. 

. 
Insufficient germinations occured to test the four

hypothcses.
H4: The germinalion and establishmcnt mles of Sandalwood

seedlings is increased if seed is placed close to HYPOTHESES
potential host plant. Hl: The wateringofseed beds increascs the gcrmination

and esrablishment rates of Sandalwood seedlincs.
Experiment V-l

METHODS H2: The removal ofthe endocarp increases germination
The first experiment was cstablished in May 1974 at the of Sandalwood.
Kalgoodie Arboretum in a typical open woodland of
Salmon Gum - Redwood(Ezcalyptas salmonophloia- H3: The soaking of seed ovemight incrcascs thc gcrmineLion
EucqlJptas tanscontinentalis) , dominated by Acacia of Sandalwood.
hemiteles in the tnderstorey on red loam soils, to test the
following factors: H4: The use of peat increases secd gcrmination and
1. Watering, to simulate better than avemge seedling suvival of Sandalwood.

rainfall, and unwatered.

WaLering Rares (mm)
Expefiment V-2

METHODS
Month May June July Aug Sept Thc sccond experiment included trials at the Kalgoorlie

Rainfall

(Average-mm) 26 33 27 30 15

1974 Unwatered 29 20 27 13 59 An cxpcriment at the Kalgoorlie Arboretum was
1974 Watered x' 25

Arboretum and field trials at Bullock Holes Sandalwood

Reserve and Jeedamya Pastoral Stalion.

established in May 1975 to tcst thc following four factors.
Two replicates of25 seeds at 1-m spacing between spots
in block tlcatmcnts wcrc uscd in the cxDcrimcnt./ *  t <  T  m - 2  -  t <  m h \

l8
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APPENDIX V (cantinled)

Experiment V-3 andv4 Experiment V-5
METHODS METHODS

The third experiment, established in August 1976, repeated The fifth experiment was established to review thc
the previous treatments in two irrigated blocks in the effects of early uniform pre-fteatment of seed with
Kalgoo ie Arboretum, onc at 5 L/ spot (0.25 m2) per endocarp retained and sown in irrigated and non-irrigated
week (or 1000 mm/year) and another, twice weekly (i.e. blocks (as for Experiment 4). he- treatmerts were
at 10 L/wet spot diameter of 56 mm per week, or eight applied to two sets ofthree factors with 16 fcatments in
times the ayerage annual rainfall). Quantities were the first set and 8 in the second:
measured from a surplus trickle point in each system and
timing of5 L according to the time required to fill 0.5 L The first set of factors were:
container at each watering.

1. Soaked in water, starting hot and cold.
The fourth experiment was established in May

1977 to test four factors: 2. Four pcriods of soaling - 1, 3, 9 and 27 days.
1. Endocarp, retained and removed.

3. Sowing in moist peat, in peat pot and without
2. Peat in the pot mixture (with peat and without peat). peat.

3. With seedling host of Mulga (Acacia aneura) and The second set of factors were:
without; irrigated plot replicated wtth Cratystylis
subspinescens, non-irrigated plot replicatcd with 1. Soaked in sulphuric acid, full and half strength
Atriplex rhagodioides. (acid slowly added to water). The seeds were

then washed in lime water.
4. Inigated and not irrigated.

2. Four periods of soaking of 2, 15, 20 and 40
Twelve treatrnents by random numbers in each minutes.

block were located 2.5 m apart between lines; and 30
spots, at two seeds per spot were sown 1.5 m apart 3. Sowing in moist peat in peat pot, with and
between spots. All seeds were dusted with Ceresan witlout permanganate of potash (KMnO., l:4m).
before sowing. The seedling hostplants were raiscd in
120-mm pots at Narrogin nursery. The 1440 secds were dusted with Ceresan bcfore

sowing. Thc seeds were sown in units of 30 secds with
Trickle irrigation was established at 8 L/spot, six host Mulga (Acacia aneura) seedlings per trcaurrenr,

twice weekly in June, July and August (thatis four tosix five seeds sown in spots regularly distributed around
timos the monthly average) and Lhorcafter three times each seedling host, planted at 1.5 m apart. This required
weekly. Owing to the drought, sprinkler irrigation 288 hosts fora total of48 reatments, 144 foreach block
during summer was prohibited by law. Irrigation of the of 24 featmcnts.
plot was terminalod in December 1977 and the Kalgoorlie RESULTS
trials were suspended. From 720 seeds sown in 24 featments in the irrigated

plot, there were firce germinanl.s in October, thrcc
RESULTS months after sowins.

From 720 seeds sown in the irrigatcd plot, germination
commenced in Augusl Therc were 20 randomly disnibuted Owing trc lack ofresponse this Experiment was suspcnded
germinants in September, four months after sowing. in Dccember 1977. Viability ofthesecdwas 82percont
Owing !o lack ofresponse Experiment 4 was suspended (tested at the Forcsts Department Headquartcrs, Como).
in Dccember 1972.
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remained on the surface. In addition to natural seed fall

for each of the four treatrnents (cultivated and not

cultivated on reserves and pastoral leases) 100 seeds
wereplaced on the soil surface and marked to test surface
germination and survival.

Artificial sowing
At each of the four sites 100 seeds were used for the two
afiificial spot sowing treatments (with and without
cultivation). These were sown 75 mm below the soil

surface and covered with 25 mm of soil. Spots were
prepared by mattock to the width and the depth of the
blade. After sowing, the soil waspressed firmly overthe

seed. All spot-sown and surface seed treatments were
marked with painted wire markers.

Two units of 200 hard-coated seeds were Lested
for viability in the laboratory. Germinationin onemonth
was 35 per cent and the capacity increased subsequently

to 82 per cent.

RESULTS
Natural Seed Supply
Seeds of tlle germinants were found by careful, random
inspection to be located at a depth of 70- 100 mm below

the soil surface.

Germination from natural seed was highest in the

cultivated Gindalbie plots; therewere388 germinants in

1974 and271, in 1975. The results presented in Figure 3
(p. l7) for tie two reserves (Calooli and Bullock Holes)

and the two stations (Gindalbie and Jeedamya) reflected
a marked decrease in numbers on all areas by October
1977. The survival ofnatural seedfall germinants forall

plots in October 1977 was less than I per cent (27

APPENDIX VI (cantinred)

seedlings) fig. 3).

The results show germination of natural socd fall
increased in ttre cultivated plots supporting Hypothesis 1.
In cultivated areas, the survival of seedlings was higher
(at October 1977) thereby supporting Hypothesis 2.

For the marked seed on the surface, gcrmination

occurred only at Gindalbie, two germinated in 1974 and
two in 1975, all on cultivated ground (i.e. germination

of 2 per cent on cultivated gound and 0 per cent on
uncultivated ground at Gindalbie). Surface sowing was
unsuccessful.

Artificial Sowing
In 1974, the best germination from the spot sown seeds

occured on the reserves where 20 per cent of seeds
germinated, however, there was no difference betwcen
germination on the cultivated plots (22 per cent) and
uncultivated plots (18 per cent).

In 1975, the best germination of seed occurred on
the stations (27 per cent) where there was a significant
difference (P<0.05 level) in germination on cultivated
plots (15 per cent) and uncultivated plots (38 per cent)
(Table 8, p 18). During continued observations until
October 1977, of the 1975 station germination results
indicatod that seedlings in the uncultivated soil were

surviving beuer than ftose in fte cultivaled soils (significant

at F>0.05 level) (Table 8, p 18). This was not the case
with 1974 germination on rcsuves or stations and 1975
germination on reserves.

The results from the spot sown seeds were too
inconsisicnt !o prove either Hypotheses I or 2 for artificial
sowing.
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APPENDIX VII

Effects of Browsing on Regeneration

HYPOTHESIS

H l: The fencing ot areas increases the germinarion

and survival of Sandalwood seedlings.

INTRODUCTION
Many observations in the past have noted the lack of

Sandalwood regeneration. The fate of seedlings is often

drought to be affected by ttn grazing pressures of herbivores

(sheep, rabbits, goats, camels, donkeys, horses, cattle

and kangaroos).

To test the impact of grazing on Sandalwood

regenemtion a series of fencing trials were established

on a range of sites in the Kalgoorlie area.

METHODS
A series of trials were established, in May 1974, to test
the effects of grazing on Sandalwood germination and

survival. A series of fenced and unfenced areas were

designated on tie foul sites, (see further methods for

these tleaftnents in Appendix VI), namely:

Pastorql Stqtions

Gindalbie Station

Jeedamya Station

Reseryes

Bullock Holes Sandalwood Reserve

Calooli S andalwood Reserve

Ateach ofthe four sites, halfofeach block (40 m

x 80m) was enclosed (20m x 80 m)with stock-proofand

rabbit-netting fences and halfwas left unfenced (20 m x

80 m) (Plaie 9).

Movements of animals were noted from time to

trmo.

RESULTS

Rabbits were present throughout the Goldfields in the
period 1974 to 1976. Colonies were located near one of

the four plots (Calmli Sandalwood Reserve) for a rclativcly

shortperiod in 1976. Rabbit droppings were seen, but no
other activity was recorded at the Jeedamyaplotin 1976
and Gindalbie plot in 1977. Kangaroo fuoppings were
recorded at the Gindalbie Station and Bullock Holes
SandalwoodReserve plots in 1975and 1976. Kangaroos
were sighted at Jeedamya in i977. Rodents, field mice
in panicular, were active at Jeedamya early during
observations. Sheep grazing was heavy on the station
plots at Ginclalbie and Jeedamya. Twenty sheep were
counkd a[ lhe plol on one occasion.

From the 1600 sceded spots,553 germinants were
recorded with germination occurring in winter/spring
L974 and 1975 (Table 8, p. 18). By January 1976,164
seedlings still survived inside the fenced plots and 94
seedlings outside.

Notwitistanding the continuous drought from
mid 1975 until 1978, overall survival to October 1977 of
38 seedlings (4.7 per cent of seeds planted) in fenced
areas was significantJy greater (P<0.05 level) than survival
of9 seedlings (1.1 per centofseeds planted) in unfenccd
areas for all plots pooled (Table 8, p. l8).

Rosults for pooled survival of germinants for
unfcnced (grazed) plots on stations and reserves in
October l977, revealed that survival of9 seedlings (6.8
per cent of germinants) on reserves was significantly
better (?<0.05 level) than on stations where no germinants
survived. In the fenced plots there was no significant
difference between survival on the station plots where 22
seedlings (16.5 pcr cent ofgerminants) survived and on
thc reserves where 16 seedlings (10.1 per cent of
germinants) sulvivcd.

By October 1977 of the total of 292 gcrminants
on reserves, 16(10.1 percent) in fenced areas and9 (6.8
pcr cent) in unfenced were surviving. On the stations
from 261 germinants in fenced areas the survival was 22
(15 per cent) and in the unfenced was nil. Fencing was
a significant factor on stations but not on rescrves @< 0.05).
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Effects of Fire and Cutting on Sandalwood Regeneration

ExpefimentvllLl: Coppbe after the 1975 Wildfbe,
Lakeside Reserve

HYPOTHESIS
Hl: The occurence of fire increases regeneration in

Sandalwood.

INTRODUCTION
Many obsenations in the past have noted the lack of
Sandalwood regeneration. Early observations on coppice
growth of Sandalwood in the Wheatbelt suggested that

coppice regeneration may be an option for the harvesting
of Sandalwood.

To evaluate the productivity of recovery from

buming and cuuing a series of experimens wero established
in 1974-75 on fenced areas protected from grazing on a

reserve and on a pastoral station.

METHODS
An area ofapproximately 40 ha of typical Salmon Gum
- Gnnlet (Ercalyptns salmornphlotaF NlrclL - Eucalyptus

salrbris F.Muell.) and. Minet (Eucalyptus celastroides
Turcz.) woodland, 10 km east ofKalgoorlie, was bumt
in wildfire on the 9-10 January 1975. Within this bumt
area 56 Sandalwood trees were selected and graded into

scorch categories, 12 trees were selected in the same
size-class range in adjacentunbumtareas. All Eees werc
numbered and fteir positions mapped to assist in futue

relocalion.

Periodic assessments of recovery or deterioration

in crowns, stems androots, and offlowering and fruiting,

were carried out at interyals ofthree months for the first
15 months and half-yearly for lhe next two years.

RESULTS
The resuls of the 56 burnt and 12 conLrol trees are

summarized below:

APPENDX \'III

Wildfire Effects on Sandalwood Trees in Lakeside
Sandalwood R€serv€

Desuiption of
Fire Effects

No. Vo of
of Burnt

Trees Trees

Control (Unbumt Trees)

Light scorch of crown, litde
or no butt scorch

Light-medium scorch only,
butt scorch to 0.5 m, and
heavy-medium scorch up
to 507o defoliation, bole
and branches blackened to
1.5m

Severe scorch, more than
5070 dsfoliation, total bole
blackened and branches
scorched

Dcsfoyed, stems burnt to
ground

Pieces, dead before fire

1 1 20

39

20

16

1 1

Of the total of 44 bumt trees, 9 (16 pcr cont)

survived and appeared !o have healthy crowns by October
1977, and all others in the bumt areas were killed by the
fire. None of the unburnt control trees died during the
srudy (Table 9, p. l9).

The results do not support the Hypothesis that
Sandalwood regeneration is increased by the occurrence
of fire.
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APPENDIXIX

Regeneration Studies at Narrogin

INTRODUCTION
A series of t€chniques for sowing and germinating
Sandalwood seed were investigated at Narogin. An
attempt was made to study the problems ofdifferent seed
viability and diversity of sites.

METHODS
Planting was carried out in 1981 in a partially stocked
stand (87 m x 20? m) of Jam (Acacia acuminata) trees in
the Dryan&a S tate Forest. The area was fenced and three
fteatrnents were allocated at random in 30-m strips (3 m
apart) in three replicates x 10 units per treatment x 3 m
between spots, pegged and labelled on site. The following
seven factors and a combination of treatments on a
suitable site for Sandalwood were investigated with
plants raised in the Narrogin nursery:

1. Two seed sources:
. Narogin,
. Kalgoorlie.

2. Three sons of planting stock:
. seed sown at 3 and 4 per niche,
. germinated seed sown at 2 per

niche,
. nursery seedlings planted at 1 per

niche.

and fragrant grey bwh (Cratystylis subspinescens).

RESULTS
Seed Source and Planting Stock
Results from the direct seeding indicated that all the
Kalgoorlie seed failed. Eighteen percent ofthe Narrogin
seed germinaled, however, only 9 per cent of the germinated
seed survived the summer.

Results from the planted seedlings indicated a
variation in successbetween the Narrogin andKalgoorlie
provenance, as follows:

33 per cent of seedlings of Narrogin provenalce
suviving at $le ond of summer, and

8 per cent of seedlings of Kalgoorlie provenance
surviving at the end of summer.

The sowing of germinated seeds indicated similar
rcsults initially, as follows:

31pcr cent of 360 Nanogin germinated seeds
survived as seedlings in spring, and

29per cent of 520 Kalgoorlie germinated seeds
survived as seedlings in spring.

Results had altered after summer, as follows:

34per cent of 360 Narrogin germinated seeds
survived as seedlings, and

23 per cent of 520 Kalgoorlie germinated seeds
survived as seedlings.

These results are similar to those for the planted
seedlings.

Sowing germinated seeds at four per spot produced
one surviving germinant per spot, as follows:

23 per cent of spots for Kalgoorlie seed, and
27 per cent of spots when pooled with Narrogin

provenance seed.

4.

3 .

5.

1 .

Two plantirg methods:
. mattocked spots,
. ploughed furrows.
Two seed treatments:
. strips sprayed with herbicide,
. not sprayed.
Three degrees of shadc:
. open,
. half shade,
. full shade.
Two drainage conditions:
. freely drained slope,
. a water gaining site on clayey flat.
Sandalwood established alone and with a variety of
host seedlings, including Jam (Acacia acuminatq),
Mriga(Acacia aruwa) , Sheoak (Caswriru cistata)
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APPENDIXX

Sandalwood Growth Rates

HYPOTHESES
H1: The natural variation in plant size and rates of

growth are affected by site conditions.

H2: The site conditions, climate and soils affect the
plant sizes of Sandalwood.

H3: The site conditions, climate and soils affect the
growth rates of Sandalwood.

INTRODUCTION
During 1974 a number of studies were undeftakcn to
determine the range in size of Sandalwood trees and the
rate ofgrowth.

The natural variation in plant size and rates of
growth are predictably related to factors such as site
conditions, climate and soils.

Experiment X-l: Growth Rates - Kalgoorlic
METHODS

In 1974, numb€red Eees were sampled fiom two locations

sown between 1925 ard 1930 at Karramindie State
Forest and Scahill Sandalwood Reserve, both near
Kalgoorlie:

Karramindie - 530 ha of gently sloping

sites with heavy loam soils
Scahill - 91 ha of sandy flats

A total of22 trees were measured at Karamindie
and 26 at Scahill. All 48 trees had previously had

measurements taken at 1-3 month intervals for the first
two years following sowing, thcn at 3-6 months for ltve
years, and next in 1939 and 1940 (Table 10, p.22).

In 1974, individual trees were grouped into 1.5 m
height classes and data were summarized for measuemcnts

at 44 and. 49 years of age, representing thc period over
which establishment occurred. Measurements were pooled

and adjusted to one age of 44 years. A sample tree of
mean height was chosen to represenf each height class.

At Karramindie fivc sample trees were each
matched with a tree in the sunounding planradon. These

plantation trees were cut and measured by the sectional

method to deriye volume and increment of the truewood,

sapwood and bark.

Volume was calculated from lhe formula (Avery

1975):

V = 0.0785 X D'?X L

where: V = volume in cubic metrcs X 10'?

D - mid-diameter in centimetres

L - length in metles

Height and diameter relationships for all plot

Eees were used to derive information on growth rate,

production of timber and age at which Sandalwood

reaches commercial size. Sandalwood weight was

determined using a density figure of 880 kg.m-3, established

in concurrent studies of wood density (surface-air-&y

for one month, so that this figure is essentially wood

density of grcen Sandalwood).

RESULTS
For the largest sample tree, commercial heartwood of
1.15 kg grew in 44 years. Eight hundred and scvcnty
fees of tlis size would be required toproduce 1 tonne of
heartwood. The relative volumes of the material in the
commercial section of the Sandalwood consisted of 30
per cent hearlwood,30 per cent sapwood and 40 per cent
bark. Bark and sapwood had a combined consistent
thickness of 21-22 mm.

Comparable trees in the largest group (98 mm
diameter) have 2.5 kg of total wood and 1.3 kg of
heartwood equivalent !o 400 trees per tonne and 770
tlees per tonne of heaflwood respectively (Table ll,
p .23) .

Experiment X-2: Growth Rates - Kalgoorlie,
Narrogin

METHODS
In 1978, 731 trees were measured (height and stern
diameter); 228 trees in 16 ha of 8 km x 20 m ransects
through Kanamindic State Forest (Kalgoorlie) and all

50
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35 years from plantings in 1931 near

Watdes and Pinrr rddiata (z-yeals-

old) near the new alignment of the

South Western Highway (picnic site).

. 70 years from 1935 plantings near
'Wattle (Acacia pycnantha, Acaciq
saligna and Pinus piftqster - 8-yeus-
old).

Experiment X-4: Fibre Mass Assessme of Pdrts and
Whole Trces Eastern Goldfieus and Gascoyne and

Grcenough Regions.
METHODS

Twenty-two trees were pulled from three locali ties w here

operations were in progress, north and north-east of
Kalgoorlie (Morapoi Station - 8 trees; and Edjudina

Station - 7 hees) and between Payne's Find and Morawa
(Karara Station - 7 rees). Thewhole tree and constituent
parts were fresh weighed and measured to investigate the
relative mass ofeach componenc roots, stems,branches,

twigs and leaves. Measurements also included stem
diameters oyer bark at 150 mm above the ground, total
heightofthe tlee and crown width. Each tree was pulled

out of the gound and the solid roots down to 40 mm

wood diameter were harvested.

Trees mnged in size:
9 trees were under 87 mm stem diameter,
4 trees ranged from 88 mm to 112 mm

stem diameter,
5 tlees ranged from 1 13 mm to 137 mm

stem diameter,
4 trees exceeded 138 mm in stem diameter.

Components of each ree were then segregatcd

and measured, as follows:

1. Root and butt measuements taken wore:
RemoYed roots and butt at 150 mm;
Diameters at both ends of bark, sapwood and true

hardwood, mid-diameter over bark and length:

APPENDIX X (con,irrcd)

Weighed pieces with and without bark.

Logwood and branchwood measurements taken
were:

Delimbed and recorded log and branch dimensions
of each piece, i.e. mid and end diameters and
length;

Trimmed logwmd and branchwmd to 40 mm diameter
of heartwood;

Recorded dimensions, both ends of bark, sapwood,
heartwood and mid gi h over bark;

Weighed with and without bark.

3. Branch measurements taken were:

Weighed individual branches;

Each branch, total length;

Estimated point of non-edibility (10 mm

considered too large to be browsed);

Recordedenddiameters underbarkand length, liom

40 mm diameterof heartwoodto40mm diameter

of total wood.

4. Leafand twig measuremcnts taken were:

From each branch of each tree, removed approximatcly

ten to twelve leaves with twigs;

Subsampled 12 to 14 leaves per tree and combined

l00leaves withineach locality - separated leaves

and twigs, measured arca of leaves, fresh and

oven dry weights.

Thc relationships between the various components in

various size classes were analysed using linear

regressions (Table 13, p. 24).

RESULTS

An average lrce rcaching commercial size will have a

total fresh weight of 40 kg of which 45 per ccnt will be

marketable, as follows:
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