FOREWORD.

During the past ten years eonsiderabie attention has heen paid
to silvienltural and ceonomice problems conneeted with the sandal-
woods indigenous to Wostern Australin, Misnnderstandings arising
from confusion of nomenclature have drawn attenlion to tax-
onomic problems connecled with the genus, end it was realised that
the ‘matter was one for eareful study by botanists rather than
Yoresters,  Recent contributions have not tended to clarify the pos-
1ien, and following the colleetion of material from a large nnmber
of local and overseas sources, the services of Mr. (. A. Gardner,
Government Botanist, were seenred for the purpose of malking a
carefnl review of the position. Mr. Gardner’s contributions to the
systematic botany of Western Australia are widely known, and
arrangements have recently heen completed which will enable his
extensive knowledge of the flora of the Western side of the Anstra-
lian Continent, and special gifts for taxonomie work to be turned to
areater advantage in conmuneetion with the ostablishment of a State
Herbariure, and the preparstion of a comprehensive Wlora of the
indigenous plants of Western Australia. In this paper attention is
drawn to the misunderstandings which have arisen among British
botanists by adherence to fanlty deseriptions by Bentham dating
haclk to 1873, and evidence is submitted in favour of following the
basis of elassification adopted by Continental botanists following Dea
Candlolle. Both data and diagrams prepared by Mr. Gardner show
that the original inclusion by De Candolle of the sandalwoods of
Sonthern Australia in the genns Santalum was correct on taxonomic
grounds, and this is of considerable interost in view of the close re-
lationship now known to exist in silvicultural characteristies, wood
structure and essential oils particularly hetween the Indian and
Western Australiun members of the genus, Contributions of mate-
rial from the following sources ave eratefully acknowledged . —

Provisional Torestry Board, Brishane.

Government Botanist, Brishane.

Technological Mnsenm, Sydney.

Forest Research Institute, Dehra Dun, India.
Inspector General of Forests, Canberra. . 3 11
Acting Official Secretary of the Papuan Government.
Government Resident, Darwin; Novthern Territory.

'S, L. KESSELL,
Conservator of Forests.




A —Saniulum Yasi, Seem.

B.—Santalum lanceolatum, R. Br.

C.—Santalwm salicifoliwm {(A. Cunn.). Gardner.
D.—Santalum fermndezmm’m, E. Phil.

E.—8antalum spieatum (R. Br.) D.C.

F.—Showing attachment of filaments in S. lenceolatum.
(.—Showing attachment of flaments in 8. album.
H.—Showing a.ttac]ament of filaments in 8. spicalum.
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A TAXONOMIC STUDY OF THE GENUS SANTALUM.
With Special Reference to the Sandalwoods of Australia.

(By C. A, (ARDNER, Giovernment Botanist.)

The taxonomy of an Australian species whieh supplies a large
proportion of the Sandalwood consumed in the markets of the Far
Rast has received remarkably little attention for a species of such
considerable economie importance, and the most recently published
article upon the subjeet, “Santelwm, Kucarya and Mida,”” by T. A.
Sprague and V. S Summerhayes (Kew Bulletin of Miseellaneous
Information. 1027, pages 193-198) has thrown no new light upon the
subjeet.

The species in question has heen variously known as Fusanus
spleatus (R.Brv) ; Santalum spicatum {R.Br.}, AD.C.; and Euvearyy
spteate (BB, Sprague and Summerhayves. The doubts expressed
by botanists have all been coneerned with the generie status of the
speetes ; while some have recognised Fusenus as a genus, others have
agreed that Fasanrs has no generie standing, and have merged it
into Santalum.

The Australian plant was frest described by Robert Brown (Pro-
deons Florae N e Hollandia) i 1810, under the name Fusanus,
this nime havine heen applied to a senus of African plants by
Murray. Brown did not make 1 mew genus, and the effeet of hiy
nomenclature is to place the Aunstralian plant in Osyris, for Osyris
is acknewicdged to inelnde Colpovn, and, incidentally, Colnoon is
the eavlier name for Fusenus. Brown therefore places two Austra-
lian speeies in what we now recognise as Osyis, distinguishing them
from Saatalum by reason of the shorter  perianth-tube, and the
shorfer lobes of the epievnous dise i

A De Candole givos us the first adequate deseription of our
pant n his CProdeowus  Systematis Regni Vegetabilis,”” XIV.
f1857). Tt is here inelnded nndes Sanfalum, which he divides info
two scetions —Fusantalum (leaves opposite, flowers in cymes} and
Yida (leaves alternate, flowers in racemes with alternate pedieels).
Fusantalwn Tie divides into two series; the long-styvled speeies (San-
falum of Bentham) and the shortstyled {Fusanus of R.Br. and
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Benth). De Candolle separates Lis Sentalum trom its closest affin-
ities by the placentation of the ovules. In Senteium they are adnate
to the placenta and borne near ity base. whereas, in related genery,
the ovules are almost apieally attached. De Candelle also observes
the true position of the ovary in Sentafum (inelucding Brown’s Fas-

(mus) A

Fentham, in the *Flora Australiensis’ (V1. 1979) separates
Fusanus as generieally distinet from Santalym.  Later with J. .
Cienera Plantarem,”” he veiterates this view, but it s
istineiions wiven In the latier work are not

Tooker in the
noteworthy that the d
identical with 1hose of the *Plora Aunstraliensis.””  In the “Flora
Australiensis’’ Bentham stresses the point of a free continnous dise
within the stamens, This point is omitted from the “llemera Plan-
Lo’ Tt is a point whieh will be considered later.

Hieronymus, in Lngler & Prantl’s ¢ Planzenfamilien’ ILL.
(1889}, accepts Bentham s arrangement, This aceeptation does not
imply that he has studied the question ; in Tact, there is every reason
to belicve -1hut his system for the tamily, which ix the same as Ben-
tham & ITooker’s (in a slightly different sequence with one or tivo
minor alterations) is hased upon published work and not upon
actual speamens.

The Santalaceac have not heen the subjeet of a separate MO0
graph. Unfil this is andertaken. the opinions which have heen built
np on ineenplefs ohservations are almost certain to continue, and
wive vise to still fuvther miseanstructions. An example of this is the
work of Nprague wwl Bummerhayes quoted above, They have
from DBentham that his ‘‘Fusgnus’” has an in-

aceepted as o facet
nised a new genus in Mide, which

ferior ovary. and have thus recog
ean Lave no generie status, The weiter, in addition. eonsiders the
system preposed by Bentham and Hoolker to he artificial. If is per-
haps a eonvenient method of classifiention to divide a section of the
irihe Osyridede on account of the degiee of dise division, but the
- wrtificial when, in another seetion of the sam»

charvacter 1s ohvieusly &
trihe it is of no more than specific importanen. Tience, in Australia.

e,

we have had the vexed Sentolon-Fusonus auestion, just as therc are
Aifferences of opinion regarding the African Colpoon and Osyris, and
it is only by a eritieal nvestioation of the whole family, made from

wood material. 1hat the trre pesition of these genera can he estad-

lshed.

In 1927, the writer. in a note abmitted to the Roval Gavdens,
Kew. pointed onl that the name Fusanies was invalid under the In-
Tdes, and the smubject was therenpon taken up by
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publication qaoted abive, Apart
From supporting Deatham decision, the authors of the paper agreed
to @ive gevicric rank 1o twg SPCies

s umler the name of Wida, and
naime in place of Fusonus. The Ans.
ralian waterinl examined must have heem very poor, and this is
et that they found it necessary to refor to a plate
of Miss Floekton’s in Malden’s © Pores Flura of New South Wales’
to help onf their generie diavnosis of Fueariye,
they have awsumerd that an inferior OVHPY

woposed Eucorya as o generie

!
n
!

borne ont hy the f

Foillowhitg Bentham
i a generie characteristic
Pov thely ' Kreearyn ™ ( Fusan ws ), and they thus have na diffieulty in
When, however, it is considered that
ovary at anthesis, it becomes quite im-

possihle to necept the proposals of Nprsene and Summerhayves,

separvating Jlide as o wenus.
Hucaryn has not wn inferior

Bentham, in the “ Flora Australionsis,”

contrasts Sonfalum and
Fusunus as Follows — -

Nanfolion, Linn. ** Pevianth {ube - lined with the dige,

whicl: I entirely adnate hut produced heiween e &

ach two stamens
into a sparhulate or ovate-triangular seale Ovary semi-
inferior.”’

..... lined by the sinuately
4-lobed dise. the mavein of which e continnonsly free inside the
stantens . Wilaments shovt, inflected over the notehes of the
dise .. .. Owvary infervior.’”’

Liatev. in the “Gencra Plania, i’ any reference to the free

dise-margin s amil ted,

For the pumpose of confirming these observations or otherwise,
an exatiunation was made by the writer of Santalwn albuwm from
Pelra Than, Tud N frnceoladum from various parts of Australia ;
snd Fusannus spieatns and 5 acininatus from Western Australia.
More attention was paid 1o ¥, spiealis than to F. gewminatus, The
resulls of this examination are ag follow

{a) The pevianth-tule of Fasonns spieatus differs from the San
falwm spp, mentioned in never being campannlate,

1t i3 usnally
cupnilar or sawesrshaped.  Sonufolim lencenlatum, however, doss
vary in the ecmparative leneth of the perianth-tube, and the same
applies to 8 aibum,

(0} The ovavy in & album and 8. levecolatm s not snperior,

A anthesis it b e ouperior or (welirds superior, later it is fullv

Half-inferior and vlimately infevior. 1n Fusanns spicatus the ovary

al anthesis is haltsnpevior. In . gewminalus it is olfen two-thirds
imferior at anthesis, TlHimately in hoth it i« totally inferior.
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{¢) The discs of Sentelum album and 8. lenceolatum have lobes
which vary in shape and size, especially 8. lanceolgfum. They are,
however, always longer than wide, a feature I have not observed in
FPysanus, in which the dise lobe approaches the hemispherical, but
never exceeds it.

The insertion of the stamens in Sentalum album, 8. lanceolatum.
and Fusanus spicalus was examined mieroscopically by means of
radial longitudinal sections of the perianth. It is essentially the
same in each case. In mo species are they continuons with the dise,
Dut arise from the junction of the dise and perianth immediately be-
low the summit of the dise. In S. lonceolatum the dise-margin is
hearded with long hairs, 8. albwm has few or none, Fusanus spicatus
has none. In Fusanus spicatus, however, the dise is thicker than in
8. albwm and 8. lonceolatum, and for this reason its filaments
appear, when viewed anteriorly, to arise from behind the dise, while,
in Santelum, they appear continuons with it. Tn Fusenus spicatus
the dise sometimes continues in geowth after anthesis, and thus gives
the character of a eontinuons free margin, but this not a rule.

‘Bentham’s Santelum and Fusenus can, however, be distin-
onished by the following characters:—

Sontalum—
{a) Perianth-tube campanulate or ovoid.
(b) Drse distinetly lobed between the stamens.
{c) Style clongated.

Fusanus—-
(a) Perianth-tube erateriform, very shortly and widely
subcampanulate or patelliform.
(b) Dise sinuately lobed between the stamens, but not
conspicuonsly so.
{¢) Style short or none,
We may now apply these distinetions to other genera of the
[antalaceae. and observe how constant they ave:—

1. Thesium . ... The perianth is variable in shape. It may
he saucer-shaped, enpular, eampanulate or eylindrieal above the
ovary. It ig divided to varying degrees, The epigynons dise is con-
spicuions or almost absent, prominently or ohseurely lobed, flat or
cupular. The style is either long or short.

9. Buckleya . .. .. Apart from the perianth variations due to
sex, the dise is either angular between the stamens or produced into
distinet but short teeth,
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3. Osyris. The style is either short or long.
4. Henslowin. The dise is eoncave or convex..
5. Leptomeria. The dise is either distinetly lobed or only some-

what angular between the stamens.

It is therefore evident that the characters which might eon-
ceivably separate Fusaenus from Santfelum are not considered of
generic importance in some other genera of the same family, Ben-
tham and Iooker rightly divide the tribe Osyrideae on aceount of
the stamens. They subdivide the larger half again on the character
of the dise-lobes, but the artificiality of sueh a system should be ap-
parent to any taxonomist, for what is of generic diagnostic impor-
tanee in one half is of no account in the other; in other words, the
differences are given as generic on the one hand, and specifie on the
other, De Candolle divided a similar seetion on the placentation of
the ovules, and it will be agreed that this character is more hasie than
the variable one of dise-lobing. De Clandolle’s classification on the
hasis of placentation unites Sanfaluwm and Fusanus, and distinenishes
them from all other genera ot the tribe.

1t is, therefore. more reasonable 1o accept Saentelwm in the
wider sense of De Candolle and Mueller. and divide it into the fol-
lowing seetions :—
Section [.—

Eusantelum: style elongated.  Perianth-tube campannulate or
ovoid. Flowers 4-6 merous. Leaves opposite, rarely alter-
nate.  Lobes of the epigynous (ise narrow or longer than
broad. (To this section belong the species of Santalum in
Bentham'’s sense of the genus,)

Nection IT.—

Eucarye {T. L. Miteh.) Gardner. Style very short or none.
Stigma 2-% Jobed. Perianth-tube sub-campannlate or enpu-
lar to patelliform. Lobes of the epigynous dise broader than
lemg. Leaves opposite, rarely alternate.

8, Murrayane (T. L. Miteh.), F. v. M.
8. acumainatum (R. Br.), D.C.
8. crassifolivm (R. Br.), D.C.
8. spicatum (R. Br.), D.C.
Section Il

Mida (A. Cunn), D.C. Style none. Stigma 2-3-4 lobed. Peri-
anth tube eupulav or subpatelliform. ILeaves alternate or
opposite. Tiobes of the epigynous dise broader than long.
8. fernandezionum, B. Phil. ' :

-8 sglicifolivm (AL Cunn), Gardner.
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SUMMARY.

The classification of the Santalaceae should be the subject of an
early monograph. The famiiy has not been eritieally reviewed. Tie
confusion in nomenclature during the past must be largely attri-
huted to Beutham and Hooker in adopting the lobing of the dise as
an important generie characteristic for merely one section of the
Osyridece, Tt is sugeested that some more fundamental point, such
as the placentation of the ovules, as taken nup by De ({andolle, might
bhe given due prominence in a fulure division of the tribe in question.

An investigation into the generie claims of Fusanus has been
made, from a study of Santaluwm album, S. lunceoletum, and Fusanus
spieatus, and the conelusion arvived at is that Fusemus cannot e
separated from Sgntalum on any character that may he regarded as
generie when regarding the SBantalaceae as a whole. Tn several other
gemera, the distinetions which separvale Fusenus are of no more than
specifie importanece.

Bentham has been in error in deseribing the ovary of Fusens
as inferior. and hos unfortunately been followed by some later tax-
emomists.  “Mida’? eouid only have been established as a genus in
comsideration of this error. sinee there appears to be no other ground
for separation.

Tu consideration of the observations made, the writer eonsiders
that Fusaitis is nndonbiediv congenerie with Senfelune, and that San-
talwm st he recognised in Do Candolle’s sense. Fasanus { Bucarya)
and Mide must be given no more than sectional rank within this
cenuy. Sewtalwm ferngudezianuwn, on gecount of its dise-lobes, and S.
saficifolici, on aceount of its perianth-tube, afford additional evi-

dence for the union of Fusanus (Kicarye) and Mide with Santcelum.

T addition to the above. the plants belonging to < Fusanus’ and
Samtalwn (in ihe restrieted sensed form a patuaral series, They are
all plants of similar type and habit, leat form and arrangement, in-
florescence, timber struetnre and parasitism. This is borne out by
such work as has been done by independent authovs, and regarding
vool parasitismy, Fusenus and Santalune ean be sharply differentiated
from the remainder of the Australian Santalaceae.® ‘

The similarity of placentation, and the fruits of Fusanus and
Sgntalum are in turn strong evidenee for their generic unity.

* . A, Herbert: The Roct Parasitism of Western Australian Sawialaces. Journ,
Roy. Soe. W.A., xi. 127-149. g 0 K

By Anthority: FRED, WM. SIMPSON, Goverament Brinter, Perth.






